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Abstract --- In this paper we, Green Engineering Solutions,
present a design for a natural outdoor pool that is to be built on
P12 of the University of Soeville Campus.  The main idea of this
project is to utilize nontraditional treatment and heating options
while still maintaining water quality and temperature of a tradi-
tional pool.  This design consists of a solar collector heating sys-
tem along with a multiple media filter and ultraviolet light
disinfection system for water treatment.  Through extensive heat
transfer, and water treatment efficiency analysis, it was proven
that the system as designed would be sufficient in order to ensure
proper operational conditions for an outdoor pool.

Index Terms --Filters, Solar Heating, Ultraviolet Disinfection,  

I.   INTRODUCTION

GREEN Engineering Solutions was given the task of design-
ing a natural outdoor swimming pool on the campus of the
University of Soeville.  This pool was to be half-"Olympic"
size and located on the site currently occupied by parking lot
P12.  The pool was to be heated entirely off of the utility grid.
In addition the pool was to be kept at a high water quality stan-
dard without the use of traditional treatment chemicals, such as
chlorine and bromide.  The site plan for the pool was also to
include a wide sundeck, and the pool itself was not to be
enclosed in any way.  In addition to the criteria and constraints
set out in the original proposal, Green Engineering Solutions
has decided to include additional criteria and constraints which
include that the pool design should be wheelchair accessible
and will meet the appropriate sections of the Ontario Building
Code (350/06). Also the water quality in the pool will meet the
Guidelines for Canadian Recreational Water Quality.  

It was assumed that the filter and the ultraviolet light disin-
fection system would operate at a temperature of 20°C.  For the
design of the filter it was also assumed that sand and silver had
similar physical properties in terms of grain size and mass flu-
idization rates.  

There are various water treatment options that are already
available for the reduction and total removal of chlorine from
swimming pools.  These include the design of completely natu-
ral pools that resemble wetlands that use plants and different
aquatic species to remove contaminants in the water.  Another
option for the reduction in the amount of chlorine that is
required to keep a swimming pool free of algae is a Nature2
mineral sanitizer [1].  Existing solutions for pool heating
options include photovoltaic panels, wind power generation,
gas heaters, and various passive solar collectors.  

The design idea proposed in this paper is innovative based
on the use of a simple heating system for cost effective energy
production.   As well as the utilization of a heating option that

is not readily used in Canada despite being durable in Canada's
harsh climate.  The water treatment process is similarly inno-
vative in that it uses ultraviolet disinfection for the cleansing of
non-potable water.  Also the use of silver in the filter as a bio-
cide will help with the inactivation of pathogens in the water
since ultraviolet disinfection cannot maintain a residual.  

Green Engineering Solutions approached the design for this
system by following simple design steps.  These steps included
defining the problem, setting the criteria and constraints for the
problem, exploring all options currently available for solving
the problem, matching the existing solutions to the criteria and
constraints and selecting design options based on cost effec-
tiveness, permanence and maintenance.  

The extensive calculations, analysis and detailed engineer-
ing drawings submitted with our report have been identified as
the milestone to be delivered to the client for this design
project.  The calculations and analysis include the full scale
design of the multiple media filter, and a energy balance model
used in the design of the solar collectors. 

II.   CONCEPTUAL DESIGN/METHODOLOGY

A.   Overall Design
The flowchart of the overall design of the natural swimming

pool designed for P12 is shown in Figure 1.  This design
includes the water being taken from the pool and put through a
filter.  After the water goes through the filter the water is then
pumped up to solar collectors that are located on the roof of the
utility/washroom building.  The final step before the water is
returned to the pool is the flow of water through an ultraviolet
lamp.  

Figure 1:  System Design Flowchart

B.   Major Components
This design has two major components: water treatment and

water heating system.  The water treatment design includes the
design of the filter including the backwashing apparatus and
booster pump system, and the ultraviolet disinfection system.
The energy category includes an energy model of the pool and
the sizing of the solar heating system.  
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III.   DETAILED DESIGN

A.   Energy Analysis
Since the pool could not be heated using a traditional electric

heater and passive solar heater was implemented.  The passive
solar heater's goal was to increase the temperature of the pool
to a comfortable swimming temperature for a longer portion of
the year.  The advantage of a passive solar heat over traditional
methods is that it produces no carbon emissions and reduces
electricity costs.  An energy analysis was completed by creat-
ing an energy balance model in Microsoft Excel to determine
the operational parameters of the pool.  This model allowed for
the pool dimensions, local weather conditions, and materials
used to be inputted, and the final pool temperature for each day
of the season, and the size of the solar heater to be calculated.
For this design there are 69 glazed flat plate passive solar heat-
ers each with an area of 2.87m2, to heat the pool.  The model
that was used was Thermo-Dynamics Ltd. G-Series Solar Col-
lector, though the use of other collectors could be inputted into
the energy model.  The heater on average increased the pool
temperature by 4ºC, and extended the swimming season by
approximately eighty three days.

B.   Water Treatment Design
    The water treatment design included the calculation of the

multiple media filter and the determination of appropriate
pumps and ultraviolet disinfection based on the flow rate of the
system.  Using this system, it is suggested that it would require
a twenty-four hour time period allowing for the recirculating of
six times the volume of the pool.

The filter was designed to be 7m by 7m square with a depth
of 0.9m.  This filter is to be made up of anthracite, silver and
sand which will be layered in the filter in that order.  The total
head loss through this filter was calculated to be 0.25m; how-
ever, a factor of safety of 1.5 was taken into consideration in
order to assure that the filter bed would not run dry.  The back-
wash velocity was taken to be 0.023 m/s which is equal to the
fluidization velocity of anthracite.  This value was chosen over
the value for sand because it was larger and would guarantee
that all the foreign particles in the filter would also be fluid-
ized.  Through the backwashing of the filter it was determined
that the filter would increase by 1.133 m in height.  This value
is then used to determine the positioning of the troughs that
will be used to take the contaminated water away from the fil-
ter into the sanitary sewers.  The troughs were designed to be
spaced every 2.3m at a height of 1.3m above the filter bed.  

The ultraviolet system that was chosen was the Trojan UV
Swift SC Model #C30.  This model was chosen based on the
fact that it was able to accommodate the flow rate that was
entering the system as well as the necessary ultraviolet trans-
mittance.  This particular model includes thirty lamps which
will allow for some of the lamps to be removed for replace-
ment without compromising the water quality.

IV.   DISCUSSION

  Errors for this design include calculating the pool tempera-
ture daily basis, instead of a shorter time increment.  Wind

speed barriers were assumed to keep the wind speed constant at
1.5m/s, though a higher wind speed would create more energy
and evaporative losses.

Recommendations for future work could include looking at
the utilization of solar panels for powering the pumps required
by the system, as well as the use of rain water collection to
address the evaporative losses from the pool.  The energy
model could be expanded to include comparisons of various
solar collectors, and include temperatures from many years to
provide probabilities of pool temperatures.
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