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SOURCE WATER PROTECTION PRINCIPLES 
Knowledge of catchment land use and activities and hydrological or hydrogeological processes is critical to 
understanding the dynamic source water risk. Without ‘knowledge of your catchment’, it is impossible to 
implement proactive and effective drinking water source management. 
 
CASE STUDY DETAILS:  
Year: Initial field investigations started in 2011 with updates in 2020.  
Locations: Recreation Dams, Perth-Hills Metro Region, Western Australia 
Teams: Water Corporation and Murdoch University 
 
CASE STUDY OUTLINE: 
Key drivers: 
Why did the project occur, and what issues were addressed? 

• In Western Australia (WA), water quality of Public Drinking Water Source Areas (PDWSA) is managed 
by restricting the type of recreational allowed in catchments. With increasing public pressure to access 
these areas, the challenge for management is to understand (1) the microbiological pathways and 
risks posed by full-body contact recreation on reservoir quality, (2) the consequences of event-based 
contamination and (3) the cost of recreation in catchments on water treatment capital and operational 
expenses.  

• Human pathogens pose the greatest acute risk to water consumers. This study was intended to 
provide information on the influence of recreation on the level and type of microbiological 
contamination of source waters. Pathogens of concern are Cryptosporidium and Giardia, primarily 
because of their resistance to chlorine disinfection, their small size, long survival time and association 
with enteric water-borne disease (at a low effective dose).  

• The project was triggered by the outcomes from an Upper House Parliamentary Inquiry that assessed 
the influence of recreation on public drinking water source areas in WA.  A plethora of information 
was derived from the Inquiry, which showed the critical importance of understanding our water 
drinking water sources and the risk of contamination from recreational access. 

• Research shows recreation in water bodies can result in microbiological contamination from the 
shedding of faecal material and pathogens. From a public health perspective, the main concern is 
potential contamination with human pathogens.  

• There have been previous investigations on the effects of recreational access on drinking water 
reservoirs. This study specifically focussed on understanding the levels of contamination, mode of 
transmission, risk outcome and design of water treatment systems.  

 
Approach taken: 

• In the greater metro area, three reservoirs were selected that are used for irrigation and recreation, 
as such they do not have controls over access to the reservoir protection zone (2-km boundary above 
high water mark) or restrictions on activities in the outer catchment.  

• A monitoring program was designed and implemented over three years. The sampling frequency was 
both fixed-interval and episodic-based monitoring (aligning with peak recreation events).  Samples 
were collected from the reservoir and analysed by Murdoch University.  

• Data for the most frequently used (popular) reservoir was selected for analysis as there was 
supporting information that included recreational access and visitor numbers.  
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• A numeric model was developed to simulate the shedding of Cryptosporidium and compare these 
counts with those measured in the reservoir.  

• A planning study was undertaken to determine the level of treatment required to deal with changes in 
WQ attributed to recreational access and meet the water quality requirements of Department of 
Health, WA. Treatment processes were costed to determine the capital and operational costs. Costs 
were compared with the capex and opex for treatment used for protected reservoirs in the metro area. 

 
Outcomes: 
Summary of outcomes: 

• Sampling showed low oocyte counts during the winter and during periods with low visitor numbers to 
the reservoir. However, during the warmer periods, the number of recreators increased and gave rise 
to a corresponding increase in oocyst counts (Figure1). Recreation included full-contact activities 
such as swimming, paddling, sailing and water skiing, see Figure 1. 

• A large proportion of water samples tested positive for C. hominis and this shows the primary 
source of contamination is derived from humans.   

• During hot weather, over 300 people have been observed swimming in the reservoir. In total, there 
are between 88,000 and 100,000 visitors each year. 

• Human infectious strains of Cryptosporidium in the reservoir were detected, with significantly higher 
prevalence during peak holiday periods (refer to Figure1). 

• Numeric modelling allowed a comparison of the theoretical oocyst shedding rate with the measured 
in-situ oocyst counts. 

• A planning study estimated the cost of treating the reservoir water based on the projected challenge. 
In addition to pathogen removal, treatment processes were selected to address turbidity, algae, algal-
toxins and hydrocarbons from boat engine fuel and lubricants (detected in the recreated reservoirs). 

• Based on a 50 ML/day water treatment plant, the capital cost was estimated at $150 million with 
operating cost of $5 million per year. A 100 ML/day treatment option was estimated to have a capital 
cost of $190 million, with similar operating costs. These costs were based on desk-top estimates and 
excluded site-specific considerations (that could increase costs up to 50 percent).   

• In comparison, a protected reservoir used for drinking water supply (with low pathogen risk) 
supplying 50ML/day, would require the use of chlorine disinfection with a capex of around $1.5 
million and opex of $0.3 million/year.  

• In 2020, the costs were reassessed using the latest treatment technology. It was found that there 
was minimal change in the overall capital and operational cost, once adjusted for inflation.   

• The Inquiry showed the cost of operating recreational sites (rangers, rubbish, toilets, enforcement, 
road maintenance, fire breaks and administration of the business and site) was not recouped from 
the income generated from recreational visitors.  
 

Measurable impacts of the activities: 
• The modelling and field data provides strong support for the finding that faecal shedding by 

recreational users is an important contributor to Cryptosporidium detections in this reservoir.  
• Faecal shedding rates cited in the literature were used in the model and provided agreement between 

simulated and measured data.  
• Figure 1 shows a time series plot of measured oocyst counts in comparison to recreation numbers 

and simulated oocyst counts. This shows contamination episodes corresponded to the peak influx of 
recreators during school and public holiday periods. Oocyst counts during the cooler periods were 
significantly lower and corresponded to observations of low recreation activity.  

 
Lessons learnt and critical success factors 

• Modelling of oocyst counts in the reservoir supports the field observations that faecal shedding by 
recreational users is an important contributor to Cryptosporidium detections.  



• Peak oocyst counts are associated with periods of high visitor numbers during Christmas, New Year 
and Easter public holidays. At these times, over 2000 visitors may come to the reservoir to recreate 
on any one day. The reservoir is a popular destination for water skiing.  

• Faecal shedding rates used in the literature were used in the model and provided an acceptable 
agreement between simulated and measured data. 

• Full contact recreation and shedding accounted for substantial numbers of human infectious 
protozoan parasites in the reservoir with minimal access to the upper catchment areas.  

• Protozoan parasites pose a considerable risk to recreators and potentially to downstream water 
users who may use the water without adequate treatment.  

• Removal of protozoan parasites requires advanced multiple-barrier treatment with the lower cost 
capital option, based on a 50 ML/day treatment plant, estimated at $150 million with annual 
operating costs of $5 million.   

• Changing government policy to allow full contact recreation in public drinking water source areas 
would entail a major increase in capital cost of water treatment of at least a hundred-fold, compared 
with protected catchments without full contact recreation. 

• The design of the monitoring program was important, and the frequency was linked to periods when 
visitors frequented the reservoir and thus helped inform our understanding of the role of faecal 
shedding on reservoir microbiological quality.  

• Numeric modelling provided an opportunity to interpret information on recreation numbers, in-situ 
dilution, oocyst settling rates, and faecal shedding rates.  

 
Significance of the findings: 

• The project explained the risks and risk-based events that influence the microbial quality of 
reservoirs and potential consequences for public drinking water supply.   

• Effective management of reservoirs and catchments requires a risk-based approach to understand 
and quantify the sources, processes and consequences of contamination.  

• For drinking water policy in Western Australia, the project helped demonstrate there is no scientific, 
technical, economic or social justification to move away from the current preventative risk-based 
management approach regarding recreation in, or near, public drinking water sources.  

• Furthermore, from a community survey, the public in WA support the use of high-quality undisturbed 
catchments that provide high quality water and require minimal treatment.  

Figure 1: Time series plots of Cryptosporidium oocyst counts (equivalents) in comparison to derived 
recreation visitor numbers, rainfall, reservoir storage volume and simulated oocyst numbers.  



Resources: 
 
Australian Drinking Water Guidelines (ADWG, 2004) Published by National Health and Medical Research Council, 
Government of Australia. 
 
ALS Water Sciences Group (2010). Quantifying Infectious Pathogen Sources in WA Drinking Water Catchments. Report No. 
CN210978 
 
Anderson AA, Miller R, and Standish-Lee P (2008). Recreational access to source water reservoirs and their watersheds. In, 
Watershed Management for Drinking Water Protection, Chapter 8, 77-87. Bureau of Meteorology (2010) Weather station 
data for Harvey WA http://www.bom.gov.au/climate/data/weatherdata.shtml 
 
Chalmers, R. M., Robinson, G., Elwin, K., Hadfield, S. J., Xiao, L., Ryan, U., et al. (2009). Cryptosporidium Rabbit Genotype, 
a Newly Identified Human Pathogen. Emerging Infectious Diseases, 15(5), 829–830.  
 
Cooperative Research Centre for Water Quality and Treatment (CRCWQT, 2006). Recreational access to drinking water 
catchments and storages in Australia. Research Report 24. 
 
Craun, G. F., Calderon, R. L., & Craun, M. F. (2005). Outbreaks associated with recreational water in the United States. 
International Journal of Environmental Health Research, 15(4), 243-262. 
 
Department of Water (2003) Statewide Policy 13. Policy and Guideline for Recreation within Public Drinking Water Source 
Areas on Crown Land, 2003, Water and Rivers Commission (now Department of Water and Environmental Regulation). 
 
Deere D (2009) Recreation in Water Catchments. Presentation to the Australian Water Association, WA Branch, Leederville, 
April 2009. 
 
EPA. (2005). Method 1623: Cryptosporidium and Giardia in Water by Filtration/IMS/FA. United States Environmental 
Protection Agency. 
 
Ferguson, C. M. 2005 Deterministic model of microbial sources, fate and transport: a quantitative tool for pathogen 
catchment budgeting. PhD Thesis. University of New South Wales, Sydney. 
 
Gerba CP (2000) Assessment of enteric pathogen shedding by bathers during recreation activity 
and its impact on water quality, Quantitative Microbiology 2, 55-68.  
 
King BJ, Keegan AR, Monis PT, and Saint CP (2005) Environmental temperature controls Cryptosporidium Oocyst 
metabolic rate and associated retention of infectivity, Applied and Environmental Microbiology 2005, 3848-3857. 
 
King, BJ, Hoefel, D, Daminato, DP, Fanok, S, & Monis, PT (2008) Solar UV reduces Cryptosporidium parvum oocyst 
infectivity in environmental waters. Journal of Applied Microbiology, 104(5), 1311-1323. 
 
Korich, D. G., Mead, J. R., Madore, M. S., Sinclair, N. A., & Sterling, C. R. (1990). Effects of ozone, chlorine dioxide, 
chlorine, and monochloramine on Cryptosporidium parvum oocyst viability. Applied and Environmental Microbiology, 
56(5),1423-1428. 
 
Lake, I. R., Pearce, J., & Savill, M. (2008). The seasonality of human cryptosporidiosis in New Zealand. Epidemiology and 
Infection, 136(10), 1383-1387. 
 
Legislative Council (2010) Recreation activities within public drinking water source areas, Report 11, Standing Committee on 
Public Administration, WA Government. 
 
Loganthan, S. (2010) Assessment of Cryptosporidium and Giardia in recreational waters in Western Australia. Honours 
Thesis. Murdoch University, Western Australia. 
 
McCarthy, S., Ng, J., Gordon, C., Miller, R., Wyber,A., & Ryan, U. M. (2008). Prevalence of Cryptosporidium and Giardia 
species in animals in irrigation catchments in the southwest of Australia. Experimental Parasitology, 118(4), 596-599. 
 
Robertson, L. J., & Gjerde, B. K. (2004). Effects of the Norwegian winter environment on Giardia 
cysts and Cryptosporidium oocysts. Microbial Ecology, 47(4), 359-365.  
 
Searcy, K. E., Packman, A. I., Atwill, E. R. and Harter, T. (2005). Association of Cryptosporidium parvum with Suspended 
Particles: Impact on Oocyst Sedimentation. Applied and Environmental Microbiology, 71(2), 1072-1078. 
 
Shields, J. M., Hill, V. R., Arrowood, M. J., & Beach, M. J. (2008). Inactivation of Cryptosporidium parvum under chlorinated 
recreational water conditions. Journal of Water and Health, 6(4), 513-520. 
 
Syme G & Nancarrow B (2010) Survey Report on public perception of source protection and its 
relationship to recreation and water treatment, WQRA project 1023-09 survey report. 
 



Svärd, S. G., Hagblom, P., & Palm, J. E. D. (2003). Giardia lamblia - A model organism for eukaryotic cell differentiation. 
FEMS Microbiology Letters, 218(1), 3-7. 
 
Tzipori, S., & Ward, H. (2002). Cryptosporidiosis: Biology, pathogenesis and disease. Microbes and Infection, 4(10), 1047-
1058.  
 
Warnken W and Buckley R (2004). Instream bacteria as a low-threshold management indicator of tourist impacts in 
conservation reserves. In, Buckley, R (2004) Environmental Impacts of Ecotourism, Cabi Publishing. 
 
Water Corporation (2009) Submission to the Standing Committee on Public Administration. Inquiry into: Recreation Activities 
within Public Drinking Water Sources, Report to WA Parliamentary, November 2009. 
 
Water Corporation (2010) Statewide Dam Storage: Logue Brook Dam http://www.watercorporation.com.au/D/dams_st 
oragedetail.cfm?id=18317 
 
Water Services Association of Australia (WSAA, 2009). Effects of recreational activities on source water protections areas – 
Literature review. Occasional Paper No. 22 
 
Xiao, L. H. (2010). Molecular epidemiology of cryptosporidiosis: An update. Experimental 
Parasitology, 124(1), 80-89. 
 
Yoder, J. S., & Beach, M. J. (2010). Cryptosporidium surveillance and risk factors in the United States. Experimental 
Parasitology,124(1), 31-39. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Case Study Template Catchments Principle 7 Recreation access ver2a FINAL Nov2021.docx 

 


