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Abstract:  Royal Life Saving Australia (RLSA) has identified that the average public pool in Australia 
was built in 1968, and that 40% will reach the end of their lifespan this decade. The organisation notes 
that councils may struggle to afford the estimated $11 billion required to replace this aging 
infrastructure by 2035 (1). However, appropriate and timely investigation and intervention can greatly 
assist with minimising maintenance costs and with increasing service life. 

This paper documents the forensic investigation of, and remedial recommendations for, extending the 
design-life of a 50m public swimming pool and associated toddler and wading pools constructed in 
New South Wales in the 1960s, and can be used as a reference for increasing the asset life of similar 
infrastructure.

All structures are engineered to achieve a nominal design life, during which major maintenance is not 
expected. Given this pool was approaching 60-years-of-age the Client opted to commission a forensic 
investigation and reporting, inclusive of recommendations regarding extended service life.

The pool was constructed on a steep site. One longitudinal side was founded in cut, upon 
natural rock, and the other in fill. Investigations identified failed jointing, which resulted in 
significant leaking over a 20-year period. A survey of the pool indicated settlement and rotation about 
the cut/fill transition, which in turn resulted in only half of the water treatment return system being 
operative. Whilst testing revealed most reinforced concrete was still in acceptable condition, higher 
chloride levels were associated with regions of eroded gutter concrete due to increased return water 
flow and velocity at the lower, rotated side of the pool.

This paper presents remediation recommendations and asset management comparisons.

Key Words:  aquatic, forensic, public pools, investigation, remediation, asset management

Introduction

Royal Life Saving Australia (RLSA) has identified that the average public pool in Australia was built in 
1968, and that 40% will reach the end of their lifespan this decade. The organisation notes that 
councils may struggle to afford the estimated $11 billion required to replace this aging infrastructure by 
2035 (1). However, appropriate, and timely investigation and intervention can greatly assist with 
minimising maintenance costs and increase asset lifespan. 

The design or remediation of public pool infrastructure necessitates both specialist structural and 
water treatment engineering consultancy services. This paper references an example where Built 
Environment Collective (BEC, trading as GNFP) was commissioned by a NSW council to investigate 
their 1960s 50m pool asset (and associated toddler and wading pools) (refer Figure 1). The pool was 
leaking 35,000 litres day. The paper documents the forensic investigation of, and remedial 
recommendations for, extending the service-life of the aquatic asset. Investigations included 
remediation vs reconstruction cost estimates to inform Council’s asset management.



Investigation & Testing

Council had closed the pool complex having identified water loss of 35,000 litres per day over an 
extended period. Sand from the filtration system was also being deposited into the pool signifying 
filtration failure. BEC initially inspected the pool to identify the required scope for further investigations 
and testing. 

Figure 1 – Existing general arrangement & water treatment

Initial Inspection

Surrounds
Visual inspection identified that concourse slabs were generally in poor condition with numerous 
cracks, rust stains, and trip hazards. The eastern concourse was in worse condition than other areas. 

The pool and concourse evidenced differential settlement along the eastern side, and particularly at 
the north east corner of the facility. The eastern concourse pavements were noted as rotating away 
from the pool wall. 

The concourse around the toddler and wading pools was in reasonable condition for its age. However, 
the concrete slabs to the east, outside a 3m wide apron, were in very poor condition with differential 
vertical movement between most panels. The associated return water surface gutter surrounding the 
pool concourse was also a trip hazard.

Pool Finishes
The 50m pool coping was in poor condition with cracked, chipped, and missing tiles, and deteriorated 
tile glazing. Significant areas of tile grout was also missing from the coping and end hobs.  



Pool wall and floor tiles could not be observed in great detail due to the pool being filled, however, 
many cracked and dislodged tiles were evident. Tiling throughout the toddler and wading pools was in 
very poor condition, with many tiles missing and replaced tiles not being installed well.

The 50m pool features two expansion joints diving its length. Whilst the joints could not be observed or 
tested during the initial inspection, it is noted that joints are commonly a significant maintenance item. 
The reported volume of daily water loss indicated that the condition of the expansion jointing may have 
been an issue.

Pool Gutters
The apparent differential settlement of the pool was enough to prevent return flow of water from the 
western gutter system. Concrete in the eastern gutter was noted as highly eroded with corrosion 
staining, likely due to many years of increased return water volume due to the settlement. 

The ‘scum’ gutter slots were obviously insufficient to drain the volume of water and were flooded in the 
north east corner, with the 230mm diameter return pipe flowing at capacity.

Pool staff advised that leakage was suspected from the wading pool return water trench. 
The trench was in very poor condition with evidence of cracking and previous repairs.

Gutter pits at the north eastern corner of the 50m pool had cracked severely and were obviously 
leaking.  Construction and/or previous remediation efforts were poor, with one of the pits including 
brickwork infill.

Plantroom
A suspended concrete floor for the changerooms above the plantroom is supported by brickwork 
walls. The soffit of the change room slab evidenced spalling and reinforcement corrosion, with brick 
work and the plantroom slab-on-ground in the vicinity of the chemical store being highly eroded. BEC 
directed Council to ensure enhanced Personal Protective Equipment (PPE) was employed whilst 
within the plantroom, until remediation of the suspended slab could be actioned.

The adjacent reinforced concrete framed sand pressure filters were not able to be accessed, however, 
the condition of the concrete and reinforcement is expected to have deteriorated due to decades of 
exposure to chlorinated water.

Water Treatment
In NSW the Public Health Act 2010 and Public Health Regulation 2022 are employed to ensure the 
safe use of public swimming pools and spas. Health Protection NSW published the Public Swimming 
Pool and Spa Pool Advisory Document in 2013 (2), and also a draft NSW Guidelines for Public 
Swimming Pools and Spa Pools in 2022 (3). Both the 2013 Advisory Document and the 2022 draft 
Guideline identify that facilities with high bather load and low water depth (such as shallow toddler and 
wading pools) require short turnover times because of the likelihood of higher contaminant load and 
faecal contamination. Separate water treatment is recommended for such facilities.The initial 
inspection identified that there was no separate water treatment system for the toddler and wading 
pools. 

Investigative Testing

Based on the initial inspection enhanced PPE was advised for plantroom activities due to spalling of 
the suspended concrete slab.

Further advice and recommendations were pending the scoping, actioning, and review of destructive 
and non-destructive testing. BEC identified the following investigations as appropriate for the 60-year-
old facility:



1. Levels survey about the pool perimeter,
2. Geotechnical testing,
3. Testing of the pool expansion joints for leakage,
4. Covermeter and core sampling of the 50m pool walls and floor slab,
5. Measurement of pool water turnover, 
6. CCTV inspection of supply and return pipe work,

Levels Survey
BEC commissioned a licensed surveyor to identify levels for the top of scum gutter at 10m centres, 
along both the western and eastern sides of the pool. Small holes were drilled into the grout joints to 
ensure survey accuracy and to facilitate repeat future resurveying. It was proposed to resurvey every 
6-months over a 3-year period to ascertain if differential settlement was continuing. 

Surveying of the western gutter indicated reasonable consistency, with a nominal 3mm variance along 
its length. Results confirmed settlement along the eastern side of the pool, with the north eastern 
corner being 14mm lower.

 Geotechnical Testing
Geotechnical investigations identified that the pool is bearing on rock on its western side, and on 
uncontrolled fill on the eastern side.  A test pit at the deep-end of the pool, at the north eastern corner, 
identified a concrete pier, however, no rock was found within 4.5m depth from the 
pool concourse. The excavated fill from beneath the pool was waterlogged and very soft. 

The fill under the concourse at the site of excavation was uncontrolled, very loose and clearly 
inadequate for support.

Expansion Joints
Expansion joints were dye tested to validate joint failure as the suspected major cause of leakage. 
This testing was undertaken by a licensed commercial scuba diver whilst water is retained in the pool. 
Testing indicated major failure of the most northern expansion joint, being closest to settlement at the 
north eastern corner.

Cover Meter & Core Sampling
The cover to reinforcement was measured from within the pool via cover meter readings which were 
correlated via concrete cores. A total of nine cores were drilled, one in each wall, three in the pool 
slab, and two in the gutters. The reinforcement cover varied significantly, from 10mm to 100mm, with 
low cover prevalent in the wall at the deep end of the pool. Cover to reinforcement for the pool slab 
was satisfactory.

The concrete cores were also utilised to test carbonation progression, chloride levels and sulphate 
levels of the cover concrete. Carbonation progression was noted as minimal, as would be expected 
due to the lack of air in contact with a tiled pool surface. Chloride levels were elevated (0.06% - 
0.07%) at the eroded sections of the eastern gutter where reinforcement corrosion staining was 
evident. 

Fortunately, there was no apparent visual evidence of cracking of the pool walls due to the rotational 
settlement.

Water Turnover
The turnover period for the 50m pool (the time taken for the volume of pool water to be filtered) was 
measured as 6.9 hours. With reference to the 2013 Advisory (2), turnover of the 50m pool should be 
achieved every 2.36 hours (or an absolute minimum of 4 hours for the upgrading of an existing pool).  
A 150mm deep toddler pool is to achieve turnover every 47 minutes. These metrics validated BEC’s 
initial instruction to close the toddler and wading pools, and to restrict user numbers for the 50m pool.



CCTV of Pipework
As with many public pools filtered supply water is discharged from the bottom of the pool. In this case, 
a discharge trench was incorporated in the pool slab. 

BEC supervised CCTV survey of the supply water trench as well as associated pipework. There were 
significant deposits of sand within the trench, and a crack running almost the full length of the pool in 
the centre of the trench. It is considered that this crack was caused by drying shrinkage and 
concentration of stresses induced due to the return-entry corners of the trench. Deterioration of the 
expansion joints crossing the trench was obvious, and the concrete displayed significant erosion, likely 
from sand being expelled by the failing filters. A cast iron pipe supplying filtered water to the trench 
was heavily corroded, as was a pipe exiting the shallow end of the pool. Both were deemed to be well 
past their service life.

Remediation

BEC provided advice in support of reopening the facility in a limited capacity, to achieve full operation, 
and also to extend service life.

To Reopen the Facility in a Limited Capacity

Based on the initial visual inspection enhanced PPE was advised for plantroom activities due to 
spalling of the suspended concrete slab.

Address of expansion joint leakage was proposed via the installation of a 3mm thick butyl rubber sheet 
across the joint, using epoxy adhesive to bond to sound substrate on either side of the joint. 
Replacement of the north eastern gutter pits was also recommended.

Given turnover for the 50m pool was significantly reduced due to the inoperable western gutter, and 
also that there was a far greater probability of swimmers being exposed to contaminants from the 
toddler and wading pools, BEC advised Council to close the toddler and wading pools, and to restrict 
user numbers for the main pool (with no school carnivals, etc) until enhanced water treatment 
outcomes could be achieved.

Trip hazards required address via a combination of grinding and grout injection to facilitate releveling 
of concourse pavements.

Improved Water Quality for the 50m Pool

Improved filtration and larger capacity pumps were required to achieve water quality commensurate 
with the 2013 Advisory (2). To minimise costs, two granular fibreglass filters were able to be 
repurposed from another facility. These filters enabled a turnover rate of less than 4 hours, but would 
not facilitate the water quality recommended for new facilities i.e.(approx. 2.3 hours with reference to 
the 2013 Advisory, or 2 hours recommended by the 2022 draft Guideline(3).

The existing supply & return pipework required replacement to accommodate increased flow rates and 
pressures. A new pipeline with disbursement nozzles was recommended to be installed within the 
supply service trench, and the heavily corroded ductile iron return pipes also required replacement.

In addition, the existing eastern gutter and dedicated 230mm diameter return water pipe would not be 
able to accommodate increased flow given that they were already at capacity due to differential 
settlement. BEC specified an increase in slot area between the eastern scum and pool gutter, and 
increased return pipe diameter. Adjustment of the scum gutter lip levels was also recommended to 
increase functionality of the western return system. Rendering of the gutters was required to minimise 
further chloride progression and the rate of corrosion.



Reopening of the Toddler & Wading Pools

The toddler and wading pools require a separate water treatment system to accommodate increased 
turnover rate, separation from the main 50m pool, and dedicated treatment to address potential 
Cryptosporidium and Giardia contamination. 

A wet deck conversion and new balance tank is recommended for both pools, and address of the trip 
hazards associated with the return water system and poorly founded/constructed concourse elements 
require address. 

Extended Asset Life – 50m Pool

An extended asset life for the 50m pool requires address of the settlement issue due to failed 
expansion joints, replacement of the gutters which are exhibiting chloride attack, a full upgrade of the 
water quality treatment system, and protection of reinforcement with reduced cover.

Underpinning 
BEC has documented an underpinning solution which would ensure consistent founding upon rock 
across the full area of the pool to negate the likelihood of future settlement, and to facilitate releveling 
(Figure 2, Figure 3). It is proposed that a new slab would be cast above the existing floor and tied to 
the existing walls. This slab would provide the flexural strength required for the underpinning solution, 
but would also enable:

- the incorporation of low-level return pipework, which is standard practice for the treatment of 
new public pools;

- new expansion joints;
- a raised floor level to facilitate conversion of the gutter system to a wet deck.

Wet Deck Guttering
The reinforced concrete of the gutter system had been adversley affected by chloride ingress, 
exhibited erosion, is not level, and hence requires replacement. Modern wet deck gutters are more 
effective, provide full perimeter drainage, facilitate a smoother water surface, and finish seemlesly with 
paving surrounds. Replacement of the gutter system enables upgrading to a new wet deck (Figure 3). 
A potentially greater volume of return water will necessitae enlargement of the pool balance take. With 
concrete works included in the remediation scope it also enables further enhanced amenity by the 
potential incorporation of a PWD access ramp into the pool.

Plant / Plantroom
Extended service life would benefit from reconstruction of the plantroom due to the dilapidated nature 
of the structure. Expansion of the plantroom would facilitate replacement of the two temporary 
repurposed granular fibreglass filters to house three appropriately sized filters and new treatment 
system, in combination with new balance & backwash tanks.

Remediation vs Replacement

With reference to BEC’s ongoing aquatic consulting experience a new local council aquatic facility with 
toddler and wading pools, appropriate amenities and kiosk costs around $14 million in 2023, whereas 
a new major expansive state government aquatics leisure centre might cost $150 million. Obviously, 
both types of facilities require budget planning over a number of years.



Figure 2 - Underpinning

Figure 3 - Wet deck & piling detail

Our investigations informed remedial recommendations in support of:
1. a partial reopening the facility as soon as practical to restore some amenity for the public;
2. improved water treatment for the 50m pool; and,
3. the option of extended asset life and water treatment compliance with current advice (2).

Each of these remediation options were indicatively costed to inform asset management and Council 
budgetary considerations. The initial works to facilitate partial reopening were estimated to be in the 
order of $200,000 (inclusive of contingency & builders margin). A further $1,2M was estimated in 
support of further short-term remediation of the 50m pool, and the scope associated with an extended 
service life for the 50m pool was estimated at $4.2M (including replacement of the toddler and wading 
pools). The total cost to reopen, improve, and extend the service life of the facility was estimated as 
$5.6M, or 40% of the indicative cost of an equivalent new facility.  



A key objective of asset management planning is to match the levels of service (LoS) an organisation 
delivers, with the level of service expectations of customers. Council has identified that a principal 
activity of their community support strategy is to foster active and healthy lifestyles by managing and 
upgrading aquatic facilities to increase community amenity, i.e. an increased LoS. Thus, Council is 
presently maintaining the existing asset with reference to BEC recommendations (the toddler and 
wading pools remaining closed), whilst budgeting for $18.5M on an upgraded facility within the next 
few years. The new improved facility will include a new 50m pool (with 2 extra lanes and grand-stand 
seating), a new 25m indoor pool, zero-splash water play facilities, and improved parking. 

Conclusions

40% of Australian public pools will reach the end of their service life this decade (1). Many councils 
may struggle to budget for replacement facilities. A new 25m outdoor aquatic facility is likely to cost 
around $8M in current dollars. A new regional 50m pool facility may cost around $14M, and expanded 
aquatic leisure facilities with indoor assets vary in cost from $18.5M to $150M.

Extending the service life of existing assets may present a viable cost-reduction alternative to 
replacement. This paper shares an investigation and specified remediation works associated with 
service life extension of an outdoor community aquatic centre including a 50m pool. Cost estimation 
for the example project indicates that service extension of an end-of-life aquatic asset may be 
achieved for 40% of the cost of an equivalent new facility.
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