Job No: 30848.2000
15 July 2019
Auckland Council
Private Bag 92300
Auckland 1142

Attention: Richard Simonds

Dear Richard

Huia Water Treatment Plant Replacement Project. Response to s92 request for
further information - groundwater effects

Introduction
Beca has been commissioned by Auckland Council to provide a review of a Groundwater and
Settlement Effects report prepared for the Huia Water Treatment Plant Replacement Project by
Tonkin & Taylor Ltd (T+T)1. Since the submission of the AEE, T+T has undertaken further technical
work which are presented in the following addenda:
Tonkin & Taylor, 2019. Huia Water Treatment Plant Replacement Project. Addendum to the
Groundwater and Settlement Effect Reports. Report prepared for Watercare Services Limited
dated July 2019;
Tonkin & Taylor, 2019. Huia Water Treatment Plant Replacement Project. Addendum to the
Preliminary Land Stability Assessment Report. Report prepared for Watercare Services Limited
dated July 2019.
In a letter report to Council dated 11 June 20192, Beca posed a series of questions seeking additional
information from T+T regarding the groundwater and settlement assessment. Some of the questions
relate specifically to groundwater and settlement matters, whereas other questions relating to slope
stability were more aligned with the Preliminary Land Stability report.

1

Tonkin & Taylor (2019). Huia Water Treatment Plant Replacement Project. Groundwater and Settlement Effects. Report
prepared for Watercare Services Limited dated May 2019.
2 Beca (2019). Huia Replacement Water Treatment Plant Project (WAT60339409): Review of groundwater matters. Letter
report to Auckland Council dated 11 June 2019.
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This letter lists each of the questions posed by Beca and presents T+T’s response. In many cases the
relevant information is contained within one of the addenda. The responses below identify where in
the addenda the relevant information is contained.

Question 1:
The Groundwater and Settlement Report notes once the reservoir and tunnel shaft excavations
“…become fully water proof with the pouring of their concrete floors…” that groundwater will begin
to recover, and some low levels of mounding could occur upgradient of the site. However, the
Constructability report refers to installation of sub-soils behind retaining walls and installation of
under-slab pipework and drainage prior to construction of base slabs. Please clarify which structures
will be drained during the short term only and which will have permanent drainage.
T+T Response
The removal of groundwater will only take place during construction of the large tank structures
such as Reservoir No. 1 and the DAF and BAC structures on the replacement WTP site. These will be
fully tanked following construction, allowing groundwater to recover essentially to pre-construction
levels. Some very minor permanent changes in groundwater elevation may occur as a result of
groundwater flowing around the structures, however this effect is expected to be less than minor.
It is anticipated that subsoil drains may be required at a shallow depth below the surface of the
replacement WTP finished building platform level in order to manage surface infiltration flows and
to limit the presence of water immediately below pavement surfaces etc. These drains will however
be above groundwater level. Likewise with any retaining walls, behind wall drainage will be near
surface and will affect soil infiltration flows only, not permanent or perched groundwater systems.
In summary there will be no permanent drainage of the groundwater system and that all effects of
note are for the construction period only.
Comment 1:
Due to the large scale of this landslide and the limited investigation data, we consider that the depth
of the landslide has not been sufficiently validated and further investigation would be required for
design.
T+T Response
The nature of the large landslide is discussed in Section 4.1 of the Addendum to the Preliminary Land
Stability Assessment Report. Further assessment of the large landslide is included in the outline
geotechnical investigation plan attached to this letter as Figure A3 (Appendix A).
Question 2:
Given the sparsity of site-specific data, the developed ground model and subsequent assessment of
effects is very reliant on the interpolation across the wider site and over the historic datasets. Please
provide the factual geotechnical data (borehole logs, core photos, laboratory testing etc) to allow the
reviewer to confirm general agreement with this approach.
T+T Response
All factual data available to T+T will be provided to Beca under separate cover.
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Question 3:
We note that whilst the overall approach presented here is considered reasonable, the final
groundwater conditions will include a requirement for additional site investigation and confirmation
of the ground model prior to any excavation or dewatering occurring. We anticipate that the
Applicant will already have considered the quantum and location of investigation necessary to
support subsequent design stages and it would expedite the review process if the Applicant could
please provide your recommendations for the minimum level of site investigation needed to confirm
the ground model (noting that these will form the basis of a condition).
T+T Response
An outline geotechnical and hydrogeological investigation plan is attached to this letter as Figure A3
(Appendix A). This indicates the scale and type of investigations we consider appropriate for the next
stage of design, although actual investigation locations will potentially vary. We would expect that
more than one phase of investigation will be required to address structure-specific details or to
further clarify issues raised during the initial investigation.
The primary elements of the proposed investigation are as follows:


Machine boreholes drilled within the footprint of the major structures. 16 No. are proposed.
The boreholes will typically be between 15 m and 20 m in depth (reaching unweathered to
slightly weathered Cornwallis Formation) although it is proposed that one borehole be drilled
to a minimum of 50 m to investigate the potential ancient landslide;



Piezometers will be installed in at least half of the boreholes. In-situ permeability testing will
be undertaken together with one 24 hour pump test to investigate groundwater response to
drawdown. Some piezometers will remain as observation wells during construction whereas
other will be lost to construction;



CPT to be undertaken between selected boreholes as well as at locations where shallow
founded structures are planned. 16 No. are proposed;



Test pits within areas of excavation primarily to assist in earthworks planning. 11 No. are
proposed;



A standard suite of geotechnical lab tests is anticipated to characterise strength,
compressibility and earthworking characteristics.

Question 4:
The ground model assumes that the escarpment face is composed entirely of Cornwallis Formation
(or Nihotupu Formation) rock, and on this basis the subsequent (qualitative) stability assessment
considers that excavation into accumulated colluvium at the toe would “not destabilise the
escarpment”. Whilst the assumption of a rock escarpment is reasonable based on our experience in
the wider area, there is no site-specific evidence provided to support this assertion. It is not clear
from the reporting if a site-specific walk-over has been undertaken.
We suggest that a walk-over is undertaken by a Senior Engineering Geologist to confirm if there is
exposed rock in the escarpment and / or if there are any signs of movement that could indicate a
deeper-seated instability. The walkover should include the full width of the development site but
could also draw on data from the headscarp in the surrounding area. Regardless, we note that site
specific investigation will be required at a later date to confirm the landslide model, ground and
groundwater conditions and any proposed groundwater drawdown associated with stabilisation of
the proposed earthworks within and upon the landslide debris at this site.
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T+T Response
The escarpment (as well as the wider WTP area) has been examined by a Senior Engineering
Geologist. This has confirmed that the escarpment is formed from rock, except below Exhibition
Drive where the slope comprises a talus slope. Over the past few years engineering geologists from
T+T have examined the escarpment above and below Exhibition Drive as part of other Watercare
projects, including slope stability and rock fall risk assessments. These site visits have shown that
above Exhibition Drive the escarpment is formed from a series of steep rock faces of height ranging
from 1 to 3 m with flatter interconnecting slopes with a thin soil cover. In effect the escarpment can
be considered to be rock up to and including the edge of the escarpment near Scenic Drive.
The nature of the escarpment is discussed in detail in Sections 3.2 and 4.1 of the Addendum to the
Preliminary Land Stability Report.

Comment 1:
Review of the borehole data is required to confirm that testing from Tauranga Alluvium on previous
projects is a suitable proxy.
T+T Response
This issue is addressed in Section 4.2 of the Addendum to the Groundwater and Settlement Effects
Report.

Question 5:
As set out in subsequent sections, it is considered that additional analyses should be provided at this
time, to improve confidence in the assessed effects. To support these analyses please provide the
assumed geotechnical parameters used.
T+T Response
Sensitivity analyses for both groundwater level and permeability are presented in Section 4 of the
Addendum to the Groundwater and Settlement Effects Report.
The elastic modulus E, used to estimate drawdown-induced settlement, was presented in the AEE
documentation. We do not consider that there are any additional parameters to provide.

Question 6:
A single design groundwater level of 5 m bgl has been adopted. It is not clear on what basis the
reported shallower levels (i.e. 3.9 m bgl in BH13-02, 3.7 m bgl in BH4798, 1.4 m bgl in BBH4 etc) have
been excluded. Given the lack of site-specific data in many locations please provide further evidence
to support the adopted design water level. As per subsequent questions we also suggest that an
upper bound groundwater level should be assessed to confirm that any variations in level will not
materially alter the presented assessment of effects.
T+T Response
This is discussed in detail in Section 4.1 of the Addendum to the Groundwater and Settlement Effects
Report.
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Question 7:
Please provide comment on the suitability of using the Sichardt equation in this instance, including
supporting evidence (monitoring data etc) from projects with comparable drawdown in equivalent
low permeability soils.
T+T Response
See discussion in Section 4.3 of the Addendum to the Groundwater and Settlement Report.
The limitations of the Sichardt methodology is recognised, however, it is considered adequate for a
resource consent application prior to the completion of a detailed site investigation.

Question 8:
Further to question 6, in the absence of site-specific piezometer monitoring for the WTP site, please
provide supporting evidence that the 5 m depth to groundwater level is reasonable i.e. are there any
one-off measurements from historic boreholes, or visual indications / drilling observations from
borehole logging to support this?
T+T Response
There are no groundwater measurements available for this site. The assumption that the same
groundwater level applies to both the Reservoir No. 1 and replacement WTP sites has been based on
their overall geological similarity, based on borehole descriptions.
Section 4.1.2 of the Addendum to the Groundwater and Settlement Report presents a discussion on
the potential implications should the groundwater level at the replacement WTP site be 3 mbgl
rather than the design value of 5 mbgl.

Question 9:
The application documents note that there will be a stream diversion around the replacement WTP
site. What is the depth / invert level of the channel(s) on this site; could it be indicative of any
connection to a shallower groundwater level at the site, or is the channel entirely ephemeral and for
surface / overland flows only?
T+T Response
Refer to Section 3 of the Addendum to the Groundwater and Settlement Report. The replacement
WTP site is a gully with no surface water and with poorly defined drainage channels that carry shortterm surface flows from higher rainfall events.

Question 10:
Notwithstanding the comments above regarding use of Sichardt, the overall approach of considering
variable drawdown is reasonable however please consider and respond to the comments above
regarding appropriateness of Sichardt for assessing drawdown.
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T+T Response
The use and limitations of the Sichardt method is discussed in Section 4.3 of the Addendum to the
Groundwater and Settlement Report. As addressed in Question 7 above, T+T recognises the
limitations that this method has, nevertheless we consider it to be an appropriate method given the
current limitations on field data and the stage of planning, but more specifically because of the low
sensitivity of the site in terms of potential impacts of third parties. We acknowledge that in other
development scenarios, such as where third party properties and dwellings are within the
immediate vicinity of the project, then the approach taken would not be sufficient.

Question 11:
Cross section C (Figure A6 of the Groundwater and Settlement Report) shows the inferred rock level
rising steeply in the vicinity of the northern boundary of the reservoir, and the report notes that “a
number of gravel-conglomerate layers were encountered within the Cornwallis Formation by T+T
(2010) north of Woodlands Park Road”. Given the lack of site-specific data at this location a
sensitivity check should be undertaken for maximum drawdown if part or all of base of the
excavation is in rock.
T+T Response
There is a possibility that a gravel layer(s) within the Cornwallis Formation may have a higher
permeability than the rock mass as a whole and by acting as a type of subsurface drain, extend the
lateral extent of the drawdown cone more than might be indicated by the Sichardt methodology.
The only information available on this is the geological interpretation presented by T+T (2010),
which is reproduced below as Figure 1 (it is also presented as an A3 figure in the Addendum to the
Preliminary Land Stability Report). The interpretation of the gravel beds were that they dipped back
upslope i.e. away from Woodland Park Road towards the escarpment. This dip would be expected to
minimise the potential impact that drainage along the gravel beds might otherwise have. Their
impact will likely be less than the near horizontal drawdown profile that has been adopted to
develop the extent of drawdown. On this basis we do not consider the gravel beds to increase the
drawdown cone greater that what has already been adopted. This will be confirmed as a result of
the proposed geotechnical investigation.
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Figure 1: Geological section (bottom) developed along a down-slope alignment starting near
Reservoir No. 1 and ending at the existing WTP. The location of the geological section is
shown on the top part of the figure (source: T+T, 2010)
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Question 12:
In the event that there is rock in the base, how does the typical and upper bound estimate of
colluvium hydraulic conductivity compare to the expected range of values for volcanic rich
sandstones and conglomerates in this area? We note that the Huia No.1 Watermain Replacement
Sections 1-3 and Nihotupu 1 Project (T&T, 2018) report hydraulic conductivity values of up to 1x10-5
in Cornwallis Formation. In the absence of any site-specific testing, the sensitivity check for rock
should include an “upper bound”, particularly noting the reported presence of “gravel-conglomerate
layers”.
T+T Response
The impact of the excavations being undertaken in material with a permeability of 10-5 m/s is
addressed in Section 4.2 of the Addendum to the Groundwater and Settlement Report.

Question 13:
Please confirm any changes to the maximum extent of effects resulting from the sensitivity checks
requested in questions 10 to 12.
T+T Response
See Section 4 of the Addendum to the Groundwater and Settlement Report for sensitivity analyses.

Question 14:
Based on the relatively constrained extent of drawdown, we consider that effects on any existing
groundwater users are unlikely. However, this should be confirmed as remaining accurate following
the close out of questions 10 to 13.
T+T Response
See responses above to those questions.

Question 15:
Subject to the close out of question 6 and 9, please confirm if there is any change in the assessed
potential effects on surface water bodies.
T+T Response
See Section 3 of the Addendum to the Groundwater and Settlement Report. In summary, there are
no surface water bodies of note.

Question 16:
Subject to the close out of Question 6, please confirm if there is any change in the assessed extent
magnitude and extent of drawdown associated with the WTP site, and if so please advise if there is
any change to likely and magnitude of consolidation settlement from this site.
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T+T Response
The magnitude of settlement is addressed below in response to Question 17. A discussion on the
increase in the radial extent of groundwater drawdown is presented 4.2 of the Addendum to the
Groundwater and Settlement Report.
In summary, even when adopting greater groundwater drawdowns and permeability values, the
extent of the effects are limited to Watercare land and the immediately adjacent local roads.

Question 17:
Please confirm total settlements and differential settlements in Woodlands Park and Manuka Road.
We note that subject to the close out of questions 6, 10 to 12, should the extent of drawdown change
such that additional drawdown is expected beyond the site, it may be necessary to consider further
potentially affected 3rd parties e.g. Manuka Road and the 375 mm stormwater culvert beneath it.
T+T Response
The AEE indicated that groundwater drawdown originating from Reservoir No. 1 and the tunnel shaft
extended over the Woodlands Park Road. A total surface settlement of 73 mm was predicted within
Woodlands Park Road. This has been expanded in the following manner:


A groundwater drawdown assessment was undertaken (as previously) using the Sichardt
method. This provided a maximum drawdown at the excavations as well as the lateral extent
(i.e. zero drawdown);



As the Sichardt method does not provide a drawdown curve with distance from the
excavation, the distance-drawdown relationship is assumed to be linear (Figure 2). This will
over-estimate the drawdown;



Based on the above, groundwater drawdown contours have been able to be constructed
across both Woodlands Park Road and Manuka Road. These are presented in Figure A1
(Appendix A);



A drawdown-settlement curve has been developed for a single geological profile using the
ground conditions considered typical of that within the drawdown zone. This consists of 16 m
of colluvium overlying 9 m of completely weathered to highly weathered Cornwallis
Formation. Below a depth of 25 m the Cornwallis Formation is considered incompressible;



Combining the drawdown-distance and the drawdown-settlement relationships, it has been
possible to generate surface settlement estimates for the alignment of Woodlands Park Road
and Manuka Road (Figure A2, Appendix A); and



The gradient between the settlement contours has been used to determine the differential
settlement on the roads as shown on Figure A2.
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Figure 2: Linear drawdown-distance relationship used in the settlement analyses (solid line). A “true”
curved drawdown-distance relationship is shown as a dashed line. The difference between
the two represents an over-estimation of actual drawdown (and therefore settlement).

Question 18:
Please confirm if any fill placement is expected to cause consolidation settlement at the location of
any 3rd party assets (e.g. Woodlands Park Road, Manuka Road, ancillary buildings near the property
boundaries of 12 – 20 Manuka Road and / or the 375 mm stormwater culvert in Manuka Road).
We note that in the absence of any quantitative assessment beyond the site boundary, the total
settlement limits in the consent conditions will be based on consolidation settlement only.
T+T Response
Limited fill placement will occur on the southern end of the replacement WTP site – most of the site
will be cut. The highest level of fill will be in the form of a retaining wall where some 4 m of fill which
will be formed no closer than 12 m from the nearest property boundary. Settlement can be expected
to occur within the immediate vicinity of the wall and not cross over the property boundary, a
distance of at least 3 times the height of the wall.
Design of the wall would need to limit the extent of induced settlement in order to ensure its
integrity. We do not consider settlement induced damage to adjacent properties or structures to be
a realistic hazard. This outcome can be assured during the detailed design phase when settlement
can be calculated and mitigated if necessary.
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Question 19:
Please confirm the expected extent of any mechanical settlement, and the magnitude of any
settlement in the vicinity of 3rd party assets (e.g. Woodlands Park Road, Manuka Road and / or the
375 mm stormwater line in Manuka Road). We note that in the absence of any quantitative
assessment beyond the site boundary, the total settlement limits in the consent conditions will be
based on consolidation settlement only.
T+T Response
The magnitude of mechanical settlements associated with the excavations are dependent on the
type of support system used. This is unable to be provided at this time, however they can be
expected to be no more than 10% of the groundwater-induced settlement.

Question 20:
We concur that it is reasonable to assume properties on Scenic Drive would not be affected where
the escarpment is assumed to be competent rock, the weathered Cornwallis Formation in the bench
is in-situ and that therefore, the failure surface is shallow and only the colluvial material has moved
down from above. However, if the escarpment is not competent rock, and / or there is a deeper
failure surface then there could be some risk to Scenic Drive. Please provide a global stability analysis,
incorporating any findings from the close out of question 4 and using commonly adopted design
parameters, to support the assertion that there is no risk to the escarpment or properties on Scenic
Drive.
T+T Response
The escarpment has been established as being formed from rock. The issue of slope stability is
presented in Sections 3 and 4 of the Addendum to the Preliminary Land Stability Report. The effects
of construction near Woodlands Park Road is considered very unlikely to have an effect of the
stability of the rock escarpment. Furthermore, dewatering of the rock mass would increase its
stability.
On this basis we consider the request for a stability analysis to be unjustified.

Question 21:
For the Reservoir 2 site, fill of up to 9 m height is required and the report notes that “The steep
nature of the proposed fills will require specific investigation and design, including probable
geotextile reinforcement (e.g. MSE) of the fill batter to ensure long-term stability. This is a standard
engineering design and construction method utilised in the Auckland area to mitigate the risk of
slope instability.” We note that this appears to address only the stability of the fill slope itself only
and not the risk that the additional load induces any wider instability. Please provide a global
stability analysis, using commonly adopted design parameters for the fill and subsurface materials
including any landslide shear surface(s).
T+T Response
Stability of the Reservoir No. 2 site is addressed in the Addendum to the Preliminary Land Stability
Report. Analyses presented in that report demonstrated that adequate stability was achieved under
both static, elevated groundwater and seismic cases.
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Question 22:
Site-specific monitoring will be required and will likely comprise as a minimum groundwater level
monitoring, retaining wall monitoring, inclinometer monitoring and visual inspections of surrounding
ground. Subject to close out of the s92 questions, monitoring may also include ground and / or utility
settlement monitoring and utility condition surveys. We appreciate that final quantum and layout of
monitoring may be revised following detailed design; however, a minimum level of monitoring will
need to be specified in the condition set. The condition will allow for these to be varied, with approval
from Council, following detailed design. Please provide your recommendations for monitoring
including type, quantum and layout of instruments and proposed trigger levels. A plan should be
provided and should include unique identifiers for each instrument.
T+T Response
A preliminary monitoring plan is attached as Figure A4 (Appendix A). The plan identifies the general
magnitude and type of monitoring required to confirm that the effects of construction are within the
predicted and consented limited. This comprises the following elements:


Ground monitoring pins. These have been placed:


Along Woodlands Park Road to monitor settlement of the road as well as the existing
water pipelines buried within the road corridor;



Along Manuka Road to monitor both the settlement of the road and the culverts that
cross beneath it;



On the property boundary between the replacement WTP and 12-20 Manuka Road;



On Exhibition drive to monitor potential movement in the escarpment; and



On the slope supporting Reservoir No. 2.



Building Monitoring Pins. A single pin is proposed for 3 representative dwellings between 1220 Manuka Road;



Piezometers. Groundwater levels will be measured at representative locations near the
development boundaries. Other piezometers will be installed during the geotechnical
investigations however these are likely to be lost during construction; and



Retaining wall monitoring pins. A single monitoring pin for each of the deep excavations at
Reservoir No. 1 and the tunnel shaft.

Question 23:
Please note the above recommendations regarding a more extensive groundwater condition set and
the need for conditions relating to additional investigation and design.
T+T Response
Noted.

Tonkin & Taylor Ltd
Huia Water Treatment Plant Replacement Project. Response to s92 request for further information groundwater effects
Auckland Council

15 July 2019
Job No: 30848.2000

13

We trust this satisfactorily addressed the issues raised.

Yours sincerely

Kevin J. Hind
Technical Director, CMEngNZ (PEngGeol)
15-Jul-19
\\ttgroup.local\files\aklprojects\30848\30848.2000\workingmaterial - post lodgement\section 92\groundwater & geotech\groundwater
letter\kjh.beca_response_letter.docx
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