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ABSTRACT 

Western Australia’s Water Corporation was faced with an incident at the Kwinana Water 

Recycling Plant which supplies high quality recycled water to industrial consumers. The 

salinity of the feed water from the nearby wastewater treatment plant had been rising, not 

constantly, but cyclically over 6 months. Should the salinity reach a certain level for extended 

periods, then the efficacy of the plant would be compromised. It would not be possible to meet 

the agreed level of water quality to customers, leading to financial penalties to mitigate the 

problem and reputational damage. The Corporation declared an incident when it was 

recognised the cyclical nature of the salinity was consistent with the tide in the coastal and 

river systems. Tide levels were predicted to be at a seasonal high for an extended period over 

4 months in only three months’ time, when the recycling plant’s production would be 

compromised. The choices were to change the plant to cope with salinity, which would cost 

approximately 3 million dollars, or to find the ingress in a network of thousands of kilometres 

of sewers with over 500 wastewater pumping (lift) stations. It was estimated the ingress rate 

could be as low as 50 litres per second, and there would only be 4 distinct four-day periods 

of high tide in the next 2 months when the ingress would be evident. The task to find the 

ingress was considered challenging if not impossible.  This paper describes the way in which 

the source of the saline water ingress was found, repaired, and validated as solved within 8 

weeks. This was achieved using targeted conductivity sampling driven by data analytics from 

information available from the Corporation’s wastewater network SCADA system, and 

driven by the dedication of a multidisciplinary team to not give up until the solution was 

found. 

INTRODUCTION 

Background 

The Water Corporation’s Kwinana Water Recycling Plant (KWRP) supplies high quality process 

water for a number of business customers in the Kwinana heavy industrial area. The plant has a 

capacity of 16.7 Megalitres per day (MLD).  The plant accepts treated wastewater that is drawn from 

the Sepia Depression Ocean Outfall Landline (SDOOL) and provides tertiary treatment of the treated 
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wastewater feed. The plant treats the feedwater using a pre-screening system, microfiltration system 

and reverse osmosis system to produce water of a suitable purity for use by the nearby industries. The 

product water is stored onsite in storage ponds and supplied to customers upon demand. The 

wastewater from the process is returned to the SDOOL. 

Symptoms and Observations 

On the 14th January 2021, based on the increasing and seemingly uncontrollable salinity of the output 

from the KWRP, an incident was called within the Operations Group of the Western Australian Water 

Corporation. Within the Water Corporation, an incident is defined as any disruptive event, actual or 

imminent, that causes or is likely to cause substantial impact or interruption to: 

• the safety or health of our staff, customers or the public; 

• the capability or capacity of the Corporation to deliver its services or maintain its reputation; 

• any other key community functions (road, rail, power, gas, communications); 

• a third party’s property or business;  

• the ecosystem or biodiversity of the State; or 

• a Public Authority in the discharge of its legislated obligations;  

and which requires a coordinated organisational response.   

The usual influent wastewater conductivity from the Water Recovery and Recycling Facility (WRRF), 

which is the primary supplier of secondary treated effluent to the SDOOL, ranges from 1100 

microSiemens/cm to 1300 microSiemens/cm. In two recent occasions in 2020, the raw influent and 

final effluent conductivities registered higher than the normal range.  During these two occasions the 

conductivities increased to above 2500 microSiemens/cm. Although these elevated conductivities do 

not affect the wastewater biological process at the WRRF that supplies secondary treated effluent, the 

impact is seen at the KWRP. The recycling plant is an advanced tertiary water treatment facility that 

treats wastewater effluent using membrane and reverse osmosis technology which supplies the 

product water to local industries. On these two occasions the KWRP was shut down as it is 

detrimental to operate at conductivities higher than 2000 microSiemens/cm for long periods due to the 

impacts on membrane integrity. In addition, the elevated feedstock conductivity results in increased 

conductivity in the permeate water. Customers who received the product raised concerns to the 

Corporation on the increased permeate conductivity. 

On the 14th January 2021, the influent was found to oscillate at 2400 microSiemens/cm and above for 

extended periods, forcing low recovery mode within the plant and curtailing of supply to customers.  

Past Investigations 

As a result of the previous occasions where high conductivity was noted in the influent wastewater, a 

study was undertaken in June 2020.  On the two separate occasions, from 7th – 8th May 2020, and 

from 24th – 25th  May 2020, the feedwater conductivities at Kwinana WRP spiked above 2500 

microSiemens/cm as illustrated in Figure 1. This resulted in the shutdown of the plant. (The plant has 

a high-high level setting of 2500 microSiemens/cm for conductivity, which automatically shuts down 

the plant).   

 

 
Figure 1  – Kwinana Water Recycling Plant Feedwater Conductivity 

The plant was restarted after the conductivity subsided, which happened to coincide with the passing 

of storm/rainfall events at the time and a reduction of the tide levels as measured at the port of 

Fremantle in Western Australia.  Wastewater influent and effluent data collected during these two 



 

 

episodes at the WRRF show elevated sodium, chloride and sulphate content which pointed to 

seawater and/or brackish groundwater intrusion in the conveyance system. 

In Figure 2, the Fremantle tide height data is compared against the supplying WRRF and KWRP 

influent conductivities. It can be seen that increased conductivities occur shortly after high tides are 

observed at Fremantle. Specifically, high conductivities on the 8th and 26th of May respectively 

follow high tides on the 6th and 24th of May.  As mentioned previously, the periods of high 

conductivity also happened to coincide with high rainfall events not uncommon in Perth during winter 

months. In particularly, over the week commencing in Sunday 24th May 2020, the Perth metropolitan 

area was hit by a 10-year storm event resulting in high meteorological tides and damage along 

beaches and coastal infrastructure. 

The inflow to the WRRF was unusually high during this period. However, it was difficult to 

differentiate whether this was due to rainwater infiltration throughout the wastewater catchment 

network or seawater intrusion from high tide. Historically in wet weather conditions, conductivities 

noted at the treatment plans have been lower. In these two instances conductivities increased. It was 

concluded that whatever the cause of the increased flow to the WRRF, high tide was causing intrusion 

of seawater and/or saline groundwater into the sewer catchment and hence causing an increase in 

salinity in the feed water to the KWRP. 

 

 
Figure 2 – Correlating Fremantle tidal information with Woodman Point and KWRP 

conductivities 

A significant number of the wastewater pumping stations serving the catchment for the relevant 

WRRF are located close to the Swan River flood zone. The Swan River in the Perth metropolitan area 

is better defined as an estuary with its connection to the Indian Ocean at the Port of Fremantle. Tides 

influence both the water levels and salinity in the river system. In the dry summer months in Perth, the 

lack of river flows from inland to flush the river system creates a salt water wedge reaching inland, 

and the salinity of the Perth water estuary can be comparable to that of the ocean.  

Given the apparent link between conductivity and the tidal/storm surge at Fremantle Port, historical 

water levels from 2017 and 2018 were analysed.  From the data shown in Figure 2, seawater tidal 

heights of greater than 120 cm appear to have coincided with the start of the increasing conductivity.  

However, both in 2017 and 2018 seawater levels at Fremantle Port were over 120 cm on multiple 

occasions, but the KWRP feedwater conductivity did not elevate above 1,800 microSiemens/cm at the 

time. This added to the confusion as to the source of the salinity in the system. The hypothesis was 

that some damage had to have been done to the wastewater conveyance network at some time prior to 

May 2020 when the first noticeable spike in conductivity in the influent to the plant had occurred. It is 

possible that some storm event had damaged the wastewater conveyance network at a sensitive point 

where saline water at high tide could then enter the network. 

The situation observed on and around the 14th January 2021 supported the urgency of the issue and 

made clear that there was a strong relationship with the tide levels and no correlation with rainfall.   

As illustrated in Figure 3, there had been no rainfall for some time, and the conductivity at the plant 

was seen to oscillate, with no relationship to rainfall events. Visualising the tide and salinity at the 

KWRP, as shown in Figure 4, shows a clear relationship between tide and spike of conductivity. 



 

 

 
Figure 3 – Salinity Measured at the Recycling Plant and 14 Day Rolling Rainfall 

 

 
Figure 4 – Visualisation of the Salinity of the Inflow to KWRP and Fremantle Tide  

 

Further work, outside of the scope of this paper, was done to understand the likely impact on the 

Kwinana plant due to high tide levels and hence increased levels of salinity in the influent. This study, 

based on modelling the capability of the plant to cope with increased saline influent and the observed 

inflow salinity compared to measured tide levels, concluded that: 

• Tides close to 1.1 m would result in likely reduced production to 13.7 MLD; 

• Tides between 1.1 – 1.2 m would result in reduced production to 10.0 – 13.7 MLD; and 

• Tides at or above 1.2 m would result in likely reduced production to 0 MLD. 

It was modelled that some 2-3 days of low conductivity in the influent should reduce conductivity 

levels to manageable values for the plant to regain full capacity. However as shown in Figure 5, tide 

levels for the Autumn and Winter of 2021 were predicted to be high for extended periods of time.  

Members of the incident team came to realise that they were in race against time to take action, 

otherwise supply to customers and the reputation of the Corporation would be compromised. 

Potential Solutions 

Over the course of the next few days during incident meetings, several parallel projects were 

established to address the increased salinity issue. It was realised that a solution had to be in place 

from the 28th April 2021 to avoid non delivery of supply to the industrial customers. The options 

were: 

1. Blending product water from the plant with potable scheme water at 4.5 MLD. It was 

estimated this would cost $600,000 for a pipeline and $60,000 for automation software. The 

estimated timeframe for delivery was 6 months; 

2. Hire reverse osmosis units for each of the industry customers for the period of May to July 

during the long periods of high tide to treat scheme water to the purity levels required. This 

was estimated to cost $1 million per month, or $3 million in total, as well as requiring 

approximately 552 ML/month supply from scheme water to the customers. While expensive, 



 

 

this option could be done quickly and in time to meet the 28th April deadline; 

3. Locating and repairing catchment assets causing seawater ingress at high tide. The cost for 

this task was unknown and the likelihood of success considered to be low; and 

4. Recirculating final product water to the reverse osmosis feedwater during high TDS events. 

The cost for this was expected to be in the order of $1 million in piping and changes to the 

plant, and the timeline for completion expected to be at least six months. 

The remainder of this paper recounts how a dedicated team was able to solve item 3 above within a 

period of 6 and a half weeks from the incident being declared. 

 

  

  
Figure 5 – Tide and KWRP Production Predictions 

CONTEXT OF THE CHALLENGE 

The Search Area and Size of the Leak 

The Wastewater Recovery and Recycling Facility in question received wastewater from the bulk of 

the urban areas to the south of the Swan and Canning River system. As Perth is a relatively flat urban 

area, this comprises over 500 wastewater pumping (lift) stations and a network of thousands of 

kilometres of sewers. Based on the measured salinity in the Swan River system at the time, the 

volume of ingress of river water causing the raised conductivity could be as low as 50 litres per 

second. Further, as shown in the future high tide calendar of Figure 5, there would be only 4 distinct 

four-day periods of high tide within the two months to come when the tide level would be high 

enough such that the intrusion would occur.  Attempting to undertake sampling for conductivity in the 

catchment alone would be a hit and miss exercise without significant resources to sample all stations. 

This would need to include not only those close to river and ocean, but those inland as well, as it was 

suspected that saline water intrusion could be coming from groundwater sources anywhere in the 

network. Clearly, to solve the problem quickly, some method of guiding where to sample for salinity 

would be required to have any hope of finding the source of ingress quickly. 

Resources Available 

Due to past issues with wastewater overflows into the Swan River, from 1994, Water Corporation had 

embarked on a long-term project to remotely monitor the operation of the wastewater pump stations. 

By 2021, the Supervisory Control and Data Acquisition (SCADA) system had been installed across 

more than 90% of pump stations. Aside from collecting alarms when stations failed in some way, data 

collected included continuous information on wet well levels, pump run times (start and stop), flows 

and various pump motor conditions (electrical current, etc). On many stations, this data went as far 

back as 2000, some 20 years in the past. 



 

 

In terms of people resources, Water Corporation also has: 

• A team of data analysts proficient in Python coding and with knowledge of various statistical and 

analytical techniques to analyse data; 

• An in-house Asset Monitoring and Systems Investigation team that are able to provide in-situ or 

grab bag water quality sampling. In this case, the team was used for a programme of conductivity 

sampling and water chemical makeup analysis; 

• A Commercial and Industrial Services team that normally manage trade waste and industrial one-

off industrial discharges to sewer networks, but in this case were called upon to undertake salinity 

measurement within the sewer system; 

• In-house civil engineers and sewer network maintenance and operations teams; and 

• An operations team with significant experience in the monitoring and operation of the sewer 

network. 

APPROACH  

Concept 

The approach taken was to first undertake a brute force analysis of the historial data available of all 

pump stations in the catchment for the WRRF. The concept proposed was to compare the behaviour 

of all pump stations within the water conveyance network between periods of low tide and periods of 

high tide with the hypothesis that any station which was receiving higher flow during periods of high 

tide would reflect some abnormal behaviour during this period compared to what was considered 

normal. Whilst there was significant historical data for many pump stations, significant spikes in 

conductivity in the network had only been noted since May 2020, hence useful comparison could only 

be made during periods of high tide since that date.  The premise that this would be successful was 

based on past work documented in (Beckwith et al. 2013). In that example, data analysis of the 

wastewater pump station wet well level variable behaviour was successfully used to define normal 

operation of a station, and to identify in real time when there were instances of unusual behaviour that 

may lead to faults. This was used to direct when maintenance would be required before alarm 

conditions eventuated.  

For the new analysis, there was a significant amount of pump station data available. However, for 

simplicity and considering the time constraints to find affected stations, the analysis focused on the 

daily volume of inflow for each pump station, using the pump operating hours as a proxy. The daily 

pump operating hours for each station was coarsely correlated with the tide profile from the Fremantle 

tide data. 

The intention was that this analysis would highlight which of the pump stations within the network 

was experiencing high inflow during times of high tide compared to other times. This would then 

allow the team to target where to undertake wastewater sampling for conductivity and chemical 

analysis so as to identify whether the wastewater being pumped was contaminated with saline water 

and whether the intrusion was from the ocean, river or groundwater. The hope was to guide and fast 

track the manual sampling exercise. 

Data Investigation 

The preliminary analysis on the wastewater data used a sample of 24 months from May 2018 as 

baseline for wastewater pump stations in the whole of the Perth South district. The pump station 

running hours from May 2020 onwards were compared to the baseline, computing the normalised 

variation per station (where data was available). 

The choice of dates was related to observational and anecdotal evidence of a change in behaviour 

from about May 2020 onwards. The choice of locations related to those wastewater pump stations that 

feed into the WRRF.  Although tidal influence was most likely at ocean and river adjacent sites, it was 

worthwhile to see the overall trends to ensure results were not biased – we would expect sites distant 

from bodies of water to show no relationship unless there was some groundwater intrusion. 

However, when correlating directly to salinity, there was no strong correlation to the daily run hours. 

Closer inspection of the underlying pump stations run hours data indicated that rainfall intrusion may 

be a factor in the volume received at each station, so it was decided to filter down the data to non-

rainfall periods as shown in Figure 6.  



 

 

Further referencing Figure 3, it is clear that the period from December 2020 to the end of January 

2021 showed the period when there was virtually no rainfall but several significant peaks in 

conductivity and hence some likely saline water ingress into the wastewater network.  Any unusual 

inflow into the wastewater network could not be attributed to rainfall runoff into the network during 

this time period.  At this point, testing the fundamental hypothesis of the tides correlating to the 

increased salinity was important, as this may provide additional information on how to direct 

subsequent work.  In visualising the tide and salinity, as shown in Figure 4,  there appeared to be a lag 

between the increase in the tidal height and the salinity of the inflow to KWRP. 

 
Figure 6 – Perth Metropolitan Recorded Rainfall for 2020 

This data provided some insight that the salinity levels take some time to travel through the network. 

The analysis hence considered a delay between the tide levels and noticeable change in salinity levels 

at KWRP. Using a two-day delay (e.g. comparing salinity levels from Monday with Saturdays tide) 

provided a good correlation of 0.68. This correlation is even stronger (0.786) if it is analysed only on 

the drier months of the time period. Table 1 shows the comparison of correlations when time shifting 

the data. Further, the correlation becomes quite evident when visualising the tide plus 2 days with the 

salinity, even during rainfall periods, as shown in Figure 7. 

 

Table 1. Correlation Coefficients of Max Daily Tide vs Average Salinity Measurement, Time 

Shifted 

Time Shift (days) 1 May 2020 – 31 Jan 2021 1 Dec 2020 – 31 Jan 2021 

+0 0.2957 0.4087 

+1 0.4859 0.6255 

+2 0.6802 0.7865 

+3 0.6171 0.7745 

 

 



 

 

 
Figure 7 – Salinity and Tide Shifted to time Plus 2 Days 

 
This apparent strong relationship between the tides and the salinity gave confidence in the approach to 

review the relationship between pump station volumes and tides. Correlating only for the period of 

low rainfall between 1st December 2020 and 31st January 2021 produced a number of stations 

showing postive correlation. These stations were all on a curated list of those with a low overflow 

level, and near the ocean or Swan River water bodies. Table 2 below presents these results. Aside 

from pin pointing those stations where to sample for conductivity, this also provided a level of 

confidence that the salinity was less likely to be coming from groundwater intrusion away from 

surface water bodies. 

Table 2. Wastewater Pump Stations with Highest Volume Correlation to December/January 

Tide Data 

Pump Station Name Overflow 

Destination 

Overflow 

Level 

Daily Volume (kL) Correlation to 

Tide 

Crewe St Bicton River 0.39 159.5003 0.389142 

Armagh St Victoria Park River 0.77 26000 0.320217 

Edgewater Rd Salter Point River 2.8 148.2997 0.298296 

Thelma St West Como River 0.76 758.7168 0.254329 

Redemptora Rd Henderson Ground  120.9921 0.238895 

Riverside Rd East Fremantle River 1.14 477.035 0.223334 

Essex St Fremantle Ocean 0.69 1338.485 0.221505 

Ruby Av Langford Roadway 0.99 194.9753 0.203516 

Hibbertia Cr Ferndale River 1.66 213.6288 0.142464 

Adrian St Palmyra Basin 1.22 2495.738 0.125442 

Leach Hwy Brentwood River 3.17 2400.139 0.110678 

 

The top three stations in this list provide the greatest likelihood as being either the source of the 

salinity intrusion, or receiving wastewater from a sewer which has been damaged to the point that 

saline water was entering the network and presenting first at this station.  Of greatest interest is the 

second on the list, Armagh Street Pump Station, as the volume of water pumped each day from here 

(shown circled) is significant. The expected ingress flow of 50 litres per second equates to 

approximately 4300 kilolitres per day, hence from the list above, Armagh Street is the best candidate 

given the volume of water pumped.  While this list was an invaluable aid to direct physical 

conductivity sampling, which was instigated, further investigation was undertaken of the top stations 

in the list to understand if there was any further insight that could be drawn from the data. 



 

 

 

Further Investigation on Top Three and Transient Behaviour 

Of the top 3 stations, Crewe St exhibits a strong correlation to the tide, even stronger on a two-day 

delay (correlation 0.6666). Figure 8 illustrates the linearity of this relationship.  This station is low 

lying immediately adjacent to the Swan River. Manual sampling and conductivity testing at this 

station during periods of high and low tide confirmed that indeed, river water was entering through a 

damaged sewer adjacent to the station. However as suspected, the volume was not significant and 

certainly not in the range of 50 litres per second. A greater ingress must be elsewhere.  

 
Figure 8 – Crewe Street: Tide to Daily Run Hours Correlation When No Rainfall 

Close analysis of the behaviour at Armagh Street Pump station was the priority. Fortunately, there 

was a flowmeter available at this station to allow the measurements of flows and hence daily volumes.  

In this case, analysis was done using the influent salinity to the KWRP compared to the daily delivery 

volume of the station.  Analysis using raw data against volume showed that some relationship was 

present. However upon time shifting salinity levels to the KWRP by one day, a clear correlation is 

present, as displayed in Figure 9 and Figure 10.  The correlation of KWRP salinity minus one day to 

station volume was shown to be 0.7349, while the correlation of maximum daily tide levels plus one 

day to station volume was shown to be 0.6088.  Tide levels were taking a day to mostly affect the 

volume of water in the station, and any salinity was taking another day to get to the KWRP. The 

indications for this station being the candidate were encouraging.  Further details of correlations for 

various time shifts are presented in Table 3.  

 

 
Figure 9 – Armagh Street Pump Station Daily kL and KWRP Salinity Reading, Time shifted by 

1 day 

 



 

 

 
Figure 10 – Correlation Analysis: Armagh Street PS Daily Volume and KWRP Salinity 

Reading, Time shifted by 1 day 

 
Table 3. Correlation Comparisons for Armagh Street Pump Station 

 

Time Series Correlation 

Daily Salinity 0.5714 

Salinity minus 1 day 0.7349 

Salinity minus 2 days 0.6669 

Max Tide  0.4152 

Max Tide plus 1 day 0.6088 

Max Tide plus 2 days 0.6069 

Max Tide plus 3 days 0.3832 

 

Armagh St is a large pump station fed by many upstream wastewater pump stations. Figure 11 shows 

a schematic of the upstream stations and connecting sewers. 

 
Figure 11 – Armagh Street Pump Station Catchment: Stations Feeding into Armagh Street 

To further narrow down the search of the possible source of saline intrusion, all upstream stations 

(where data was available) were investigated for signs of abnormal behaviour. This analysis 

correlated the daily volume at Armagh St against the daily run hours for the catchment pump stations. 

While this may resonate similarities in the characteristic profile, if there is a tidal river infiltration 

effect at these stations, it should be stronger, especially when limiting the period of analysis from 1 



 

 

December 2020 to 31 January 2020. Table 4 shows the result of this analysis. 

 

Table 4. Analysis of Stations Upstream of Armagh Street Pump Station 

 

Station Name Daily Volume (kL) Armagh Flow 

Correlation 

 Thelma St West Como 759 0.4839 

 Bickley St Como 108 0.3901 

 Edgewater Rd Salter Point 148 0.2610 

 Jarman Av Manning 1262 0.2583 

 Griffin Cr Manning 532 0.2543 

 Robert St Como 172 0.2418 

 Stoneham St Ascot 492 0.2310 

 Palmerston Street St. James 2397 0.2007 

 Mill Point Rd South Perth 251 0.1980 

 Epsom Av Cloverdale 247 0.1821 

 Hardey Rd Belmont 3112 0.1772 

 Coolgardie Av Ascot 414 0.1537 

 Robinson Av Cloverdale 350 0.1496 

 Ascot Pl Ascot 165 0.1135 

 Manning Rd West Karawara 2190 0.0888 

 Bowman St South Perth 363 0.0857 

 Howard Pde Salter Point 79 0.0703 

 Abernethy Rd Ascot 561 0.0686 

 Mends St South Perth 43 0.0084 

 Francisco St Belmont 5216 -0.0159 

Railway Pde Welshpool 248 -0.0598 

 Goss Av Karawara 140 -0.0690 

 

From the analysis, correlations suggested that the stations feeding into Armagh Street do not have a 

great bearing on the increased volumes pumped at Armagh Street during the high tide events. 

However in order to rule out infiltration, manual sampling and analysis of conductivity was directed 

to those stations which showed higher correlation in Table 4.   

Wastewater Sampling and Conductivity Testing – Narrowing Down the Search 

The data analysis undertaken was invaluable in directed manual sampling wastewater to Armagh 

Street, Crewe St Bicton, Edgewater Rd Salter Point, Thelma St West Como, Bickley St Como and 

Jarman Av Manning. Other stations along the river where there was considered a high likelihood of 

ingress due to known or suspected issues were also added to the list of stations to be manually 

investigated.  Two sets of samples were required at each station: (i) at low tide, so as to create a 

control baseline, and (ii) at high tide, so as to allow for comparison and indication of clear saline 

water intrusion. As shown in Figure 5, opportunities to sample at high tide were limited with the small 

number of teams available to perform field investigations and sampling. 



 

 

Initial Sampling, 9/2/2021 and 10/2/2021 

The first set of samples were take on the 9th and 10th February 2021 during the first available high 

tide event. This included targeted pump stations suggested by the data analysis results. Water in the 

Swan River was also sampled. The following conductivity results were recorded: 

• Swan River conductivity at 53,600 microSiemens/cm. This was much higher than expected and 

suggested that ingress as low as 18 litres per second could be causing the high conductivity 

readings at KWRP; 

• Armagh Street was inaccessible at the time, hence no readings were taken; 

• Of the other stations recommended for sampling by data analysis, only Crewe Street in Bicton 

shows elevated conductivity levels corresponding to River water ingress. Inspection identified 

there was indeed damage that was allowing brackish river water into the station, however the 

amount of inflow was shown to be significantly less than the 50, or even 18 litres per second 

targeted. 

Second Sampling, 17/2/2021 

The second set of samples was taken on the 17th February 2021. As shown in Figure 5, this 

corresponded to a low tide event and was used to obtain control samples when there was no ingress 

into the network in accordance with the conductivity results at KWRP. Armagh Street was accessible, 

and samples were taken with a low tide conductivity reading of 1413 microSiemens/cm, similar to 

other station samples taken at the time. 

Third Sampling, 23/2/2021 

The third set of samples was taken to correspond to the next available high tide event. Armagh Street 

samples displayed clear elevated levels of conductivity, with the high tide sample reading 4,110 

microSiemens/cm. All other stations, in particular those upstream of Armagh Street did not show 

elevated condictivity readings. 

Fourth Sampling, 24/2/2021 

An urgent sampling run was organised for sewers that fed directly into Armagh Street pump station. If 

the source was not pump stations that fed to the station, then one possibility was that there was ingress 

somewhere in the sewers that led to the station. Urgent samples were organised for South Perth, 

Rivervale and Victoria Park main sewers. Figure 12 illustrated their locations and proximity to the 

river system.   

 

 

 

Figure 12 – Main Sewers that Feed Armagh Street Pump Station and their Proximity to the 

Swan River 

Ten separate samples were taken at high tide and the results were conclusive. There were no high 

levels of conductivity in any of the main sewers leading to Armagh Street. This meant that the source 

of the ingress must be somewhere in the immediate location of the Armagh Street pump station. 



 

 

THE SMOKING GUN  

Armagh Street Topology 

Armagh Street Pump Station in Victoria Park is a major point of collection of wastewater for the city 

of Perth and as such encompasses a significant network of old and new sewer pipes including long 

unused overflows into the river system from a past era, and new large overflow tanks to now hold any 

excess wastewater in times of emergency. Maps of the network show a formidible number of access 

chambers, out of use pipes and sewer interconnetions. 

Culmination of the Search and Location of the Ingress 

Fifth Sampling, 25/2/2021 

While the window of opportunity during high tide levels was still open, a team was dispatched to 

Armagh Street Pump Station to target possible access chambers which had been identified as the 

confluence of pipework. Late into the evening, a dedicated team of samplers recorded a particular 

access chamber exhibiting a conductivity reading of 29,610 microSiemens/cm, (later compared to a 

low tide reading of 1,577 microSiemens/cm). Visual inspection of the chamber clearly showed two 

flows of water entering. One discoloured coming from a feeder sewer, the second clear, indicating an 

ingress of brackish water from the nearby Swan River. Figure 13 (a) is a capture of this inspection. 

Further tracking of the inflow observed led to a pipe that had been marked in records as “not in use”, 

being an unused emergency overflow pipe. The pipe led to the Swan River. During this period of high 

tide, a clear vortex in the river was observed, as depicted in the photograph of Figure 13 (b), where 

the pipe, now submerged below the river level was sucking in water, siphoned in from the action of 

the sewer flow in the chamber as shown in Figure 13 (a). Calculation of the flow based on the size of 

the pipe and the observed inflow in the access chamber, suggested a flow of some 45 to 60 litres per 

second, possibly much more.  Visual evidence at low tide suggested that changes to the river 

foreshore had disturbed this pipe and compromised any isolation of the pipe that had been done 

sometime in the past. Satellite photographic records suggested these changes occurred early to mid-

2020, corresponding with the period when higher salinity levels at KWRP had first been recorded. 

 

 

(a) 

 

(b) 

Figure 13 – Visual Evidence of Brackish Water Ingress 

 



 

 

 
Figure 14 – KWRP Influent Conductivity Trace up to end of May 2021 

Rectification and Closure 

Repairs were made to the pipe by building a two course brick wall on the downstream and upstream 

end of a nearby upstream access chamber. Concrete was poured in the channel between these walls. A 

blanking plate was also installed to protect the walls from corrosive gases of the wastewater from the 

incoming sewer main.  The effect of this repair on the measured conductivity at KWRP was 

immediate and has been sustained, as can been seen from the KWRP conductivity trace shown in 

Figure 14.  

CONCLUSION 

This paper demonstrates the significant advantages that can be gained during emergency incidents 

from operational data that has been collected via SCADA and control systems. It is well appreciated 

that operational data can be used to support everyday operations with alarms and status monitoring, 

can inform planning imperatives through long term capacity trend, and can help with asset 

management renewal and replacement priorities through asset performance tracking. However, 

operational data is also shown to be invaluable in solving difficult and complex problems encountered 

during emergency incidents. In this case, with an impending situation where the only viable 

alternative in the timeframe allowed was to supply customers with alternative treated product, finding 

a solution to the emergency situation using available data saved the Water Corporation an estimated 

$3 million in temporary rectification costs. It is important to stress however that data alone will not 

provide answers.  Informed and intelligent interpretation of the data using analytical and statistical 

techniques is critical and conclusions drawn will support and help target manual practical 

investigation effort, saving time and waste from searching in the wrong place for a solution. 
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