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Executive Summary

Executive Summary

The Otimoetai Pool, constructed in 1968, has historically experienced cracking of the pool floor and damage
to the main pool inlet pipe resulting in water loss from the pool. We understand the pool has experienced
cracking and settlement issues throughout its life.

In 2024 Beca undertook a geotechnical desk study and commenced survey monitoring of the site to help
assess likely causes and risks. The results from this work are presented in the report Ottimoetai Pool —
Preliminary Geotechnical Assessment Report, dated 1 October 2024 (Beca 2024). The report set out a
hypothesis that the variable nature of the ground the pool overlies has led to settlement of the eastern end of
the pool. The report concluded with recommendations for geotechnical investigation work to refine the site
ground model and allow a qualitative assessment of this hypothesis.

Beca was subsequently engaged by Architecture HDT (on behalf of Bay Venues Ltd (BVL)) to provide
geotechnical assessment and remedial options as set out in the Beca offer of service dated 21 November
2024,

The findings of the geotechnical field investigation are presented in a separate geotechnical factual report
(Beca January 2025).

Our assessment of these results is that eastern end of the pool site is underlain by approximately 9m of
uncontrolled fill whilst the western end is founded on generally competent natural ground. This is most likely
the primary cause of the differential settlement and subsequent cracking that the pool has experienced.

This settlement may continue however all things remaining constant we would expect the majority of the
settlement has occurred by now (approx. 57 years post construction), however there is an uncertain level of
long term loading induced settlement still likely to occur. Further the nature of the fill and some underlying
organic soils is such that any additional load applied to the ground risks reactivating further settlement.
Natural or man-made changes in soil moisture conditions may also trigger further settlement.

The is some evidence of voids or very weak zones of soil being present at depth. This geohazard should be
investigated further.

We have presented options to manage future settlement through engineering works, and compared these
against options for a full rebuild of the pool and an option to do minimum and manage future issues through
observation and maintenance. All options have ‘pros’ and ‘cons’ and these are set out in Table 6-1 of the
report text.

The final choice on which option the asset owner proceeds with will need to consider the Geotech
constraints and risks, together with the facility condition and maintenance programme.
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Introduction

1 Introduction

The Otimoetai Pool, constructed in 1968, has historically experienced cracking of the pool floor and damage
to the main pool inlet pipe resulting in water loss from the pool. We understand the pool has experienced
cracking and settlement issues throughout its life.

Beca Ltd (Beca) provided concrete repair details in 2022 for the most recent cracking.

Anecdotal information records that the eastern end of the pool has been raised by at least 400mm since
construction, to make up for settlement which has occurred.

In 2024 Beca undertook a desk study and commenced survey monitoring of the site. The results from this
work are presented in the report Otimoetai Pool — Preliminary Geotechnical Assessment Report, dated 1
October 2024 (Beca 2024). The report set out a hypothesis that the nature of the ground the pool was
constructed on has led to settlement of the eastern end of the pool and concluded with recommendations for
geotechnical investigation work to refine the site ground model and allow a qualitative assessment of this
hypothesis.

This report presents the findings of that investigation work and is intended to be read in conjunction with the
preliminary assessment report. The preliminary report provides a more detailed introduction to the site and
historical issues.

2 Scope and Purpose

Beca has been engaged by Architecture HDT on behalf of Bay Venues Ltd (BVL) to provide the following
scope of services as set out in the Beca offer of service dated 21 November 2024.

The scope of services included:

a) A limited site-specific geotechnical ground investigation, including laboratory testing of recovered
samples.

b) Refinement of the preliminary ground model presented in the October 2024 report based on the new
site-specific investigation results.

¢) Undertaking a qualitative geotechnical assessment using the updated ground model and laboratory
test data, assessing the nature of the soils suspected of causing settlement and providing comment
on the risk of further settlement.

d) Proposing high-level conceptual remedial options to address risks defined in the above stages of
work.

e) Provision of a feasibility/concept level Capital Cost Estimate of the proposed remedial works to the
facility.
Item a) was reported on separately in a geotechnical factual report (Beca 2025a).

This report presents the results of scope items b) to e).

This work has not included a structural engineering assessment of the building, a quantitative slope stability
assessment of the site, numerical settlement modelling, or detailed assessment of the suitability of the site
for future redevelopment. This report doesn’t take the place of a Geotechnical Interpretative report which
would be required to support a building consent application for future works, or as input to a seismic
resilience assessment of the existing site

The purpose of this report is to provide BVL with advice on the risk of further settlement and high-level
conceptual remedial options to address that risk.
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Site Investigations

3 Site Investigations

3.1 Previous Ground Investigations

The preliminary assessment report (Beca 2024) includes historic exploratory hole records available through
the New Zealand Geotechnical Database. This included hand augers which were previously undertaken at
the site in 2008 as part of a proposed extension, a cone penetration test (CPT) undertaken to the south of
the pool building, and extensive geotechnical testing within the school grounds to the north of the pool.

The factual information from the previous investigations has been referred to during the course of this work
where required.
3.2 Recent Investigation

The geotechnical investigation undertaken as part of this work commenced on 2/12/2024 and was completed
on 4/12/2024. The site work was carried by Perry Geotech Ltd and Beca.

The investigation field work comprised:

e 1 No. machine borehole
e 5 No. hand augers
o Laboratory testing of selected soil samples.

The exploratory hole locations are shown on the exploratory hole location plan presented in Appendix A. The
locations of the historic exploratory holes are also shown on the plan. The results from this investigation are
presented in a separate Geotechnical Factual Report (Beca 2025a).

The purpose of the field investigation was threefold:

1. To gather information on the strength and nature of the soils that the eastern end of the pool is
founded on. From the preliminary work (Beca 2024) an extensive thickness of non-engineered fill
was anticipated.

2. To look for further signs of voids in the area where a 2008 hand auger recorded a possible void at
around 1.2m — 2.2m depth below ground level.

3. To confirm that the western end of the pool is founded on natural ground.

The extent of investigation undertaken was not aimed to delimit the precise position of the cut/fill boundary
beneath the pool or confirm the geometry of the original gully slope. A much more detailed investigation
would be required to achieve these objectives.

3.3 Survey Monitoring

Survey monitoring of a number of points around the pool and on the slope to the east of the pool
commenced on 12 June 2024 and is planned to continue monthly until February 2025.

The monitoring is looking to detect vertical changes within the pool base and surrounding concourse, and
vertical and/or horizontal changes in the slope to the east of the pool.

The monitoring results will be reported on separately once the scheduled survey rounds had been
completed. After this time there may be value in continued monitoring on a less frequent interval to attempt
to give early warning of movement which may result in damage.

At the time of writing no trends of movement in the data have been observed.
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4 Ground Model and Soil Characteristics

4.1 Ground Model

Ground Model and Soil Characteristics

Through a review of historic imagery and the existing limited subsurface information, the preliminary
assessment report (Beca 2024) concluded that the pool site was likely partly founded over an infilled gully.
The thickness of fill was estimated to be around 6m, and the possibility of very weak natural soils being
present below this was discussed.

The investigation described in Section 3.2 generally confirmed the anticipated ground conditions. The depth
of fill encountered is approximately 9m in BH101, with 2.5m of weak, organic rich, alluvial soils present

beneath the fill.

Two cross sections are presented in Appendix A to illustrate the updated ground model.

4.2 Soil Profile

On Table 4-1 we present the soil units encountered on site.

The east end of pool is the area closest the slope edge, where settlement issues have occurred over the

years.

Beneath the east end of the pool the thickness and nature of the soil units is expected to vary away from the
borehole location reflecting the geometry of the infilled gully.

Table 4-1: Soil profile

e d of Poo East End of Pool
eologica e Layer top Layer Layer top | Layer
PR (m bgl) Thickness | (m bgl) Thickness
(m) (m)
1 Fill Stiff silt, variable sand Absent n/a 0.0 9.0
(uncontrolled) | and clay content; brown
mottled black; moist,
low to high plasticity.
(Reworked late
quaternary ash soils)
2 Holocene Soft sandy organic silt, | Absent n/a 9.0 2.5
Alluvium trace to minor clay;
black; saturated, low
plasticity.
3 Matua Variable silty sands and | 5.1 Unknown 11.5 Unknown
Subgroup sandy silts estimated
4 Younger Stiff, silty sands, trace Ground 1-2 Absent n/a
Ashes clay; light brown; moist, | level estimated
non to low plasticity.
5 Rotoehu Ash | Loose to medium dense | 1.0 (varies) | 1.0 Absent n/a
sand, trace sit; estimated
yellowish brown to grey;
moist non plastic
6 Hamilton Very stiff silt, some clay; | 2-3 (varies) | 2-3 Absent n/a
dark brown; most, high estimated
plasticity.
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Ground Model and Soil Characteristics

4.2.1 Fill

The upper 9m of the soils recovered from the borehole are interpreted as uncontrolled fill, formed from the
reworking of local ash soils present in this locality. The soil is commonly mottled black and its strength varies
from firm to stiff.

An angular, non-decomposed wood fragment was recovered from 7.90m below ground level, which is
interpreted to be from vegetation clearance works around the time of fill placement.

The bottom 1.5 — 2.0m of the fill comprises a loose silty/sandy material which appears consistent with
reworked Rotoehu ash soils. The Rotoehu ash occurs naturally on the site around 1.5m below natural
ground level, and is geologically ‘out of place’ where it was found in BH101. This is consistent with it being
placed as fill.

4.2.2 Holocene Alluvium

Beneath the fill a soft black silt with visible organic material such as small roots and fibrous organic
fragments was encountered. This soil is analogous with the modern day low lying swampy areas of the
adjacent stream valley.

4.2.3 Matua Subgroup

Beneath the Holocene Alluvium and to the maximum depth investigated, variable silty sands and sandy silts
of the Matua Subgroup were encountered. The soils encountered vary from loose sands to sandy silts, with
soil strengths varying from very loose to dense over a range of just a few meters. BH101 terminated
approximately 26m below ground level and at this depth a consistent dense layer had been proved for 3.5m.
4.3 Soil Testing Results

On Table 4-2 we present a summary of the results of insitu soil strength testing and the laboratory testing
undertaken.

The full laboratory test results are presented in the geotechnical factual report (Beca 2025a).
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Ground Model and Soil Characteristics

Table 4-2: Summary of insitu and laboratory test results

- Gradings (%) Atterberg Limits D Vane Shear
de Strength (kPa)

Unit Clay Silt Sand Gravel LL | PL | PI LS | Organic MC %
% % % % Content %
1 16 30 54 0 68 | 47 21 11 - 50.3 1.07 - 40 - 141 (45)
2 6-10 |39- |49-51 0 44 29 15 |6 3-9 40.1-67.8 0.83-118 |0 37
45
3 - - - - - - - - - - - 0-35 -
Table notes:

Typical values given in parentheses where enough test data is available and a typical value can be selected based on engineering judgement
e In addition to the classification tests reported above, odometer tests were undertaken in soil units 1 and 2

A dash indicates no test was undertaken.

e Test results for the typical unit 1 fill material are presented. An additional test within the reworked Rotoehu ashes has not been presented.
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Geotechnical Assessment

5 Geotechnical Assessment

The preliminary geotechnical assessment report (Beca 2024) reported settlement and internal erosion as
geotechnical hazards at this site.

Additional geotechnical hazards, such as slope instability and liquefaction may also be present at this site
but the scope of this work was to consider settlement and internal erosion only. Therefore, other possible
geohazards are not considered further in this report.

5.1 The Risk of Further Settlement
Soil settlement is a process which can broadly be grouped into three types:

o Immediate settlement occurs due to a rearrangement of soil particles when a load is first applied and
occurs very quickly.

¢ Consolidation settlement occurs after immediate settlement as void spaces within the soil are squeezed
and the soil is compressed under a prolonged load. Because these void spaces are often filled with water,
the rate at which the water can escape often controls the rate at which this settlement occurs.

o Creep settlement is a long-term process and varies depending on the soil type. Organic soils are prone to
prolonged creep settlements as the structure of plant matter continues to breakdown through
decomposition.

Over time, the rate at which settlement occurs would generally be expected to slow as the consolidation
settlement gets closer to completion, assuming that no additional load is applied to the soil. Creep settlement
can continue for decades.

The historical settlement at the eastern end of the pool has been reported to be off the order of 400mm or
likely greater (Beca 2024). The finding that the eastern end of the pool is underlain by up to 9m of
uncontrolled fill, overlying up to 1.5m soft organic alluvial soil is significant.

5.1.1 Settlement from the fill soils

The reworked ash soils which comprise most of the fill are locally considered suitable fill material when
placed at the correct moisture content and well compacted to modern engineering standards.

The ‘typical’ shear strength of around 45kPa measured within the fill in BH101, together with the relatively
low dry density measured in the laboratory testing indicates that this material was not well compacted when
placed. The variability in the shear strengths seen is typical of material which experienced some compaction
(e.g. localised track rolling) but not consistent compaction throughout the depth of fill.

Typically, an inground pool would have a net unloading effect on the ground because water is lighter than
the soil that is removed to make space for the pool. In this case construction photos suggest this is the case
beneath some of the pool footprint however the eastern end of the pool was built at grade and had additional
fill of approximately 4 feet (1.2m) added around it.

Settlement of this fill since it was placed would initially be driven by its self-weight, with further settlement
being generated by loading from the pool and additional fill.

Were any further additional load to be added, renewed settlement should be expected. Additional load could
come from any works which increase the ground level or replace existing buildings or structures with heavier
structures or with structures which place loads in locations which have not been loaded before.

The pool sits offset from the centre of the original gully (Figure 5-1). Therefore, the depth and nature of fill
will vary across the pool footprint. This may result in differential settlement across the site from west to east
and beneath the eastern end from south to north.

u
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Geotechnical Assessment

Existing Stream Path

oe of Original Slope

. Crest of
Pool Footprint Original Slope

Figure 5-1: 1959 aerial photograph from before earthworks were undertaken to develop Bellevue Park. The
approximate location of the pool footprint and original site morphology are shown. Figure sourced from Beca (2024).

5.1.2 Settlement from the buried Holocene Alluvium

At the time that the alluvium was first buried under the gully infill, it would have been a swampy area
analogous to areas alongside the current stream today. The presence of a sandy layer at the base of the fill
suggest that the construction team may have identified this as a wet area which would be a challenge to
work with machinery in and placed the layers of sand to provide a working surface.

The alluvium is very soft and would have initially settled rapidly (primary settlement) as the fill was placed on
top of it. We expect that consolidation settlement within this layer would have neared completion by now.

Two processes are expected to continue to give rise to settlement from this layer:

1. With an organic content of up to 9% within this layer continued creep settlement should be expected
for many decades.

2. Due to the uneven loading, and the gradient towards the stream which the base of the alluvium sits
on, gradual lateral movement may occur as the soil is ‘squeezed’ towards the free face of the
stream. This may contribute a small amount to settlement experienced at the surface.

Two changes in the environment may also give rise to future settlement from this layer.

o If this layer is more extensive than assumed any change in loading at the ground surface may also spark
further settlement from this layer.

o Improved drainage in the base of the gully releasing water held in the soil pore spaces and allowing fresh
consolidation of the organic materials.
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Geotechnical Assessment

5.1.3 Settlement from the Matua Subgroup Soils

The Matua subgroup is a highly variable soil group, which contains silty/clayey layers derived from volcanic
airfall tephra deposits. One of these is present at around 18 — 21m depth and we expect this layer, and
others like it, would give rise to consolidation settlement after being loaded. The settlement seen at the
surface would to some extent be attenuated by the depth of this soil layer, but it is nonetheless another
potential source of settlement.

5.1.4 Summary
The conclusions we have drawn from the information available are:

e The estimated 400mm or more of settlement of the eastern end of the pool is most probably due to the
poor quality fill and organic soils beneath it.

¢ Given the age of the fill and pool the degree and rate of settlement which may occur in the next 50 years
is expected to be noticeably less than which has occurred to date. All of the primary settlement and much
of the consolidation settlement is likely to have occurred by now. Within the scope of this qualitative
assessment is it not possible to estimate how much more settlement may occur during the remaining life
of the facility.

o We expect that the majority of this settlement has occurred episodically, in bursts at times when
additional load has been added to the ground either by new construction works, during wet periods when
the soil is holding additional water weight, or during dry periods when the water content in the soil has
decreased resulting in closing of void spaces.

o Late stage consolidation settlement and long term creep settlement will continue for the foreseeable
future. This is on the assumption that loads and groundwater conditions remain constant at the site.
Changes in either of these may trigger a new increase in settlement.

¢ The estimated 400mm settlement to date should be used as a benchmark with caution, the total to date
could be significantly more.

o We expect that the site is very sensitive and if any additional load were to be added this could likely result
in a period of rapid further settlement.

5.2 Risk of Voids Beneath Pool

Both BH3 (2008) and HA102 encountered soft zones at shallow depth.

These results could be an indication that internal soil erosion is occurring. This is the process by which
‘tomos’ (also known as sink holes) develop.

There is not enough information to draw solid conclusions about the likelihood of there being voids beneath
the site.

5.3 Recommendations from the Geotechnical Assessment
We recommend the following:

o If the facility is to continue operating as is, or if redevelopment is planned for the site the risk of voids
should be investigated further by ground probing and considering if geophysical methods would provide
benefit.

e Those personnel involved in future planning for the site should be made aware that without remediation
(refer Section 6 below) any additional load added to the site should be expected to result in renewed
settlement.
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Concept Remedial Options

6 Concept Remedial Options

6.1 Concept Options

The work has indicated that there is potential for further settlement to occur at the site, particularly under
additional load from any renovation construction works.

To assist BVL with planning for the future of this facility, we provide below some conceptual options which
aim to minimise the risk of future settlement beneath the pool.

During the course of this work, we formed a judgement that undertaking substantial remedial works to
protect the pool tub from further settlement was likely to leave the asset owner with significant residual risks
which BVL may not see as acceptable when balanced against the cost and disruption associated with these
options. Therefore, we have included options to “do minimum” and “relocate the pool entirely” for
consideration.

We understand that additional options for upgrading the facility are under consideration separately by BVL
and that at some point the geotechnical options presented here, will need to be combined with the aquatic
services options to reach a final decision for the facility.

The four options presented here are:
1. Full Rebuild
2. Piled Foundations
3. Ground Improvement
4. Do Minimum

Details on each option, including pro/cons, residual risks, cost estimates, and next steps to progress are
presented in Table 6-1.

In Appendix B we present the cost estimation report (Beca 2025b) which sets out the basis for the costs
presented in Table 6-1.

We do not recommend rebuilding on the same footprint as the existing facility unless all other site options
have been exhausted. Substantial ground improvement or deep foundations would be required which we
understand have not been allowed for in the rebuild cost estimate provided by BVL for this option.

On Figure 6-1 below we illustrate two possible alternatives utilising nearby land to situate a facility with the
same footprint of as the existing.
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Concept Remedial Options

Figure 6-1: Two alternative footprints which minimise exposure to the infilled gully and slope edge. These are provided
for discussion only, and consideration of land procurement is beyond the scope of this work.
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Table 6-1: Concept Options Summary

Concept Remedial Options

Graphic Description Pros Cons Residual Next Steps Estimated Cost! | Estimated
Geotechnical Risk Construction
Duration
Option 1 — Rebuild Rebuild pool New facility built | ¢ Highest cost option The risk around voids Prepare a geotechnical $40M 24 months
Consider rotating on to modern e Land for relocation may not be remains to be interpretative report for a
site or shifting west to standards owned by the client addressed, thought this | proposed new build site.
, L , - set back from edge of The additional would be easier to This would determine the
T N infilled gully maintenance investigate and geotechnical site
T D Alternative sites could costs and remediate during the constraints that need to
- A be considered to residual risks construction of a new be addressed during
PRIEEREL improve road frontage associated with build. design of a new aquatic
Rebuilding on the the other facility.
current footprint would remedial options
require ground are eliminated
improvement or piled Moving the new
foundations and this pool back from
has not been allowed the slope edge
for in this cost estimate would be
expected to
improve the
geotechnical
founding
conditions
Option 2 - Piled Foundations Retrofit a piled This would likely | e The ground investigation to date e Piles would support | Prepare a preliminary $3.6M 6 months
foundation to the be the most indicates that a soil layer suitable the pool tub only and | design for a selected

WATUA SUBGIOLP

/
]
L ]
‘ } ’ \
\\‘,,

existing pool to the
carry the pool load
The aim would be to
isolate the pool from
future settlement of the
ground beneath the
pool

robust retrofit
solution for the
pool tub
Outcomes for the
pool tub may be
quantifiable
through
engineering
design

for supporting piles is 20m deep

e Detailed geotechnical
investigation is logistically
challenging whilst the pool is
open. Deferring to the
construction stage carries cost
and programme risk

e Reconstruction of the pool base
would be comparable to
reconstructing the majority of the
pool tub

e Piling work would destroy the
under-pool drainage, requiring
reinstatement

e No improvement of seismic
resilience for the pool buildings
and roof

e Associated repairs/improvement
may be made alongside the piling
works, and the end result may feel
like a rebuild of the pool like for
like with the current facility.

e Construction works may trigger
settlement or other damage to the
facility.

further settlement
may occur outside of
this area and affect
the buildings and
buried services

e Upgrade of buried
services outside of
the piled area to
more resilient PE
pipework may be
prudent

e Any additional load
from new
pavements, stands,
roofing, etc may
reactivate settlement

e The risk around
voids remains to be
investigated and
addressed

option to prove feasibility,
define consenting
requirements, and refine
costings.
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Concept Remedial Options

Graphic Description Pros Cons Residual Next Steps Estimated Cost! | Estimated
Geotechnical Risk Construction
Duration
Option 3 — Ground Improvement e A method to densify and Base of pool will Treating the full depth of fill o Differential Prepare a preliminary $5.8M 6 months
strengthen the soils likely require material beneath the pool is likely settlement may design for a selected
e Aiming to reduce reconstruction, to be impractical, therefore occur outside of the | option to prove feasibility,
S ’\ settlement to an but may not uncertainty around which soils treated area and define consenting
~& it ' \:\\ acceptable level over require as much layers contribute most to future affect the buildings requirements, and refine
\% iEb,t e the remaining life of the strengthening as settlement is a risk and buried services | costings.
\'1-‘.,_’:_?3;—7*_ pTT— facility for the piled Settlement arising from e Upgrade of buried
e SR method decomposition of organic matter services outside of

It might be may still occur the treated area to

possible to treat Proving the effectiveness of the more resilient PE

a wider area than ground improvement through post pipework may be

just beneath the construction testing can be prudent

pool tub, to challenging, leaving an uncertain e Any additional load

provide for outcome from new

improved Natural soil layers below 12m are pavements, stands,

founding likely to be too deep to treat roofing, etc may

conditions for Detailed geotechnical reactivate settlement

facility upgrade investigation is logistically even where treated

works. However, challenging whilst the pool is e The risk around

the disturbance open. Deferring to the voids remains to be

may become construction stage carries cost investigated and

akin to a full and programme risk addressed.

rebuild. Pricing The pool base may need

has been reconstruction after the works and

provided based the work would destroy under-

on treating the pool drainage, requiring

area beneath the reinstatement.

pool tub only. No improvement of seismic
resilience for the pool buildings
and roof.
Associated repairs/improvement
may be made alongside the
ground improvement works, and
the end result may feel like a
rebuild of the pool like for like with
the current facility.
C