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Abstract --In this paper we present new systems for pool water
disinfection and a renewable energy source for heating the pool.
The main idea is to create a natural swimming pool that is envi-
ronmentally friendly and conserves energy.  The design consists of
two pumps, a filtration and water disinfection system, and a heat-
ing system.  Based on thorough research and mathematical analy-
sis, the design is found to maintain water quality at pool water
standards and provide enough power to heat the pool to 25oC
even during the season's coldest days.  

Index Terms --copper and silver ionization, high rate sand fil-
ters, natural swimming pools, photo voltaic solar panels  

I.   INTRODUCTION

Conventional chemicals such as chlorine and bromine are
typically used for water treatment.  Chlorine produces by-prod-
ucts that are a major cause of respiratory illnesses in children
and Olympic swimmers[1].  The University of Soeville has
requested Gryph Engineering to develop a water disinfection
system that minimizes the use of chlorine, and heats the pool
using a renewable energy resource at a low cost and energy
consumption.  Currently, ozonation and Ultraviolet radiation
are used as alternative solutions to reduce the amount of chlo-
rine required.  However, both treatments are highly expensive,
and do not treat water within the volume of the pool, but only
in the water circulation systems.  UV radiation is vastly depen-
dent on water turbidity and ozonation is dangerous if ozone
accidentally escapes into the pool water[2].  Copper and silver
ionization treats water within the pool volume and uses natural
minerals that are absolutely safe to consume in such minute
concentrations[3].  The pumps can handle the head loss gener-
ated by the piping system, and the high rate sand filter works
well in conjunction with copper and silver ionization. 

The present solutions on the market for renewable energy
include wind, geothermal, solar thermal and photovoltaic solar
panels.  Photovoltaic solar panels are the most reliable and aes-
thetically pleasing renewable resource and is therefore incor-
porated into our design.  

The volume and flow rate of the pool in compliance with
pool regulations is taken into consideration when designing the
system.  The public pool lather load and the natural character-
istics of the water in the pool are taken into account in order to
accomplish a final design.    

The milestone evaluated the efficiency of a pool cover in
preventing heat loss from the pool and how that will reduce
heating costs and the number of solar panels required.  

II.   CONCEPTUAL DESIGN/METHODOLOGY

A.   Overall Design
The design for the natural swimming pool uses four high

rate sand filters and two copper and silver ionization units to
maintain outstanding water quality in the pool.  The energy of
the photo voltaic solar panels is harnessed to heat the pool
water to about 25oC. The overall cost of the design including
construction, pipes, and maintenance, is approximately
$890,600 CAD.  

III.   DETAILED DESIGN

A.   Pool Specifications
When designing the swimming pool basin, several design

criteria were used to create the final layout.  The objective was
to design a pool which was safe and functional while having
low maintenance and operation costs.  The natural swimming
pool at the University of Soeville will be a half Olympic sized
pool with depth specifications shown in Fig. 1.

Figure 1:   This is an illustration of the pool basin.
The pool will employ 8 surface skimmers and 16 directional

wall inlets to ensure uniform circulation of the pool water [4].

B.   Filtration and Water Disinfection
    The Filtration system consists of 4 high rate sand filters in

parallel.  Each of the filters has a flow rate of 0.009 (m3/s),
with a total flow through the system of 0.036 (m3/s).  The filter
media is sand.  The untreated water flows through the sand.
Suspended solids and contaminants become wedged in the
voids in the sand median [5;6].  The flow rate through the sys-
tem exceeds minimum required flow, or 0.0347 (m3/s).  The
sand filters are found between the pumps, and the heaters, in
the piping system.  Each filter has a cost of $510.00 CAD, with
a total for the system of $2,040[7].  

The water disinfection system uses copper and silver ioniza-
tion electrolysis.  Gryph Engineering selected model name CS-
150 from Clearwater Systems.  This component consists of two
separate ionization chambers connected to each other in paral-
lel within the pool circulation system.   Each chamber consists
of two rectangular electrodes, 150mm long, 40 mm wide and
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6mm thick, consisting of 90% copper and 10% silver.  An elec-
trical charge of a maximum of 1 Ampere (monitored by a con-
trol box) is passed through the electrodes, in order for
electrolysis to occur.  The ions are carried by the water into the
pool [8].  Copper and silver ions are very stable, have a long
residence time in the pool and are excellent disinfectants of
bacteria, algae and viruses.  As a result, only 0.30 to 0.40ppm
of copper, 0.040ppm silver and 0.40ppm chlorine is necessary
for maintaining outstanding pool water quality [3].  The energy
consumption is only 290kW for each season, and the system
costs approximately $1100 CAD per season.  

C.   Renewable Energy for Heating the Pool
To maintain a comfortable water temperature throughout the

swimming season, an electrical heating system will be inte-
grated into our pool design. The heat system that will be incor-
porated into the design is the L-Series LS2236 heater. In order
to meet the flow requirements of the pool design, two heaters
will most likely be required to work in a parallel circuit to heat
the pool for a temperature difference of approximately 10°C
[9]. Based on the constraints set by the University of Soeville,
the heating system will require a renewable energy source as
its power source. The renewable energy source that will be
used in this design will be photovoltaic solar energy. Photovol-
taic solar energy is able to utilize the energy emitted from the
sun and covert it into an electrical current through a series of
chemical processes [10]. The electricity that will be generated
as a result of these chemical processes will be used to power
the heating system. Based on our research, it was expected that
approximately 300 solar panels will be required to power the
entire heating system. The anticipated cost of the heating and
solar energy system was estimate to be approximately
$380,000 which includes all installation costs.

IV.   DISCUSSION

  In the process of completing this design, Gryph engineer-
ing learned that effective water treatment methods that mini-
mize chlorine are present; however, in-depth research on the
residence time and modeling of copper and silver ions in the
pool water is required.  In addition, solar panels should be
available with tilting technologies already incorporated into
their current design.  In order to calculate head loss that deter-
mine the appropriate pool pumps, approximations of the fric-
tion factor were derived from the Moody Charts, which are not
highly accurate and therefore a source of mathematical error.  

V.   CONCLUSION

This design ensures that the health and safety of the public is
not at risk, it will also demonstrate the university's commit-
ment to creating a more sustainable and environmentally
friendly campus.

ACKNOWLEDGEMENT

We would like to thank Professor Dr. Lubitz for his support
and guidance throughout the project.  We would to thank Dr.
Moussa and our respected Teaching Assistant Anna Howes for
their continuous help and clarifications throughout the course.

In addition, we are very thankful to Dr. Farahbaksh and
Dr.Ottens for their clarifications on mass transfer concepts.  

REFERENCES

[1] Public Health Agency of Canada, (2004). Centre for Chronic Disease Pre-
vention and Control. Centre for Chronic Disease Prevention and Control.
Web site: http://www.phac-aspc.gc.ca/ccdpc-cpcmc/crd-mrc/
facts_asthma_e.html [February 8, 2007]

[2] Pro-Minent Canada (2007) Experts in Chem-Feed and Water Treatment.
Website: www.prominent.ca/desktopdefault.aspx [ February, 10, 2007]

[3] INWA, (2005). Swimming Pool Issues. International Non-Toxic Water
Treatment Association.  Web site: http://www.watercarenaturally.co.nz/
files/downloads/SwimmingPoolIssues.pdf [March 2nd, 2007]

[4] Dawes, John.  Design and Planning of Swimming Pools.  CBI Publishing
Company Inc., Boston.  1979.

[5] Hayward, (2006). Hayward Ownwer's Manual S360T2. Newark, NJ: Hay-
ward. 

[6] Department of The US Army, (1986). Repairs and Utilities Swimming
Pool Operation and Maintenance. Washington, DC: Headquarters Depart-
ment of the Army. 

[7] Pool Center, (2007). Pro Series Sand Filters by Hayward. Web site: http://
www.poolcenter.com/filters_hayward_sand_poolstor.htm [April 4, 2007]

[8] Clearwater Systems, (2006). Water Ionizer.  Biophysica Inc. Website:
http://www.biophysica.com/ionizer.htm[March 3rd, 2007]

[9] Coates, (2007) L Series Heaters. Website: http://www.coatesheaters.com/
CoatesWeb/1_series.htm [March 15, 2007]

[10] Greacen.C, (2007). Home Power: How Photovoltaic Cells work. Website:
http://www.homepower.com/files/hp23-37.pdf [March 21st, 2007] 


