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SYSTEM AND METHOD FOR MAINTAINING 
WATER QUALITY IN LARGE WATER 

BODIES 

This application claims benefit of U.S. Provisional Ser. 
No. 61/915,331, filed 12 Dec. 2013 and which application is 
incorporated herein by reference. To the extent appropriate, 
a claim of priority is made to the above disclosed applica 
tion. 

FIELD 

The present invention relates to an innovative and opti 
mized system and method for maintaining water quality in 
large artificial excavated inland water bodies or floating 
structures using a simplified economic filtration system and 
degreasing system that requires much smaller filtration 
equipment than conventional centralized filtration systems 
and provides for consumption of significantly lower 
amounts of energy, where the method for maintaining water 
quality is based on the color of the bottom of the body of 
water, the amount of surface greases and turbidity of the 
water. U.S. Pat. No. 8,518,269, No. 8,062,514, No. 8,070, 
942, No. 7,820,055, No. 8,454,838, No. 8,465,651, No. 
8,518,269, No. 8,070,342, and U.S. Patent Application Pub 
lication No. 20110110076, 20110108490, No. 
20130240432, No. 20130264261, No. 20130213866, No. 
20130306532, and No. 20110210076, are hereby incorpo 
rated by reference in its entirety. 

BACKGROUND 

Water in swimming pools is usually filtered and treated 
with chemicals to maintain the quality of water within 
suitable levels and in compliance with local regulations. 
Filtration systems are designed to eliminate, e.g., suspended 
solids, including microbial and algal growth, floating debris, 
and oil and greases in the water. Conventional systems for 
maintaining water quality in swimming pools typically 
involve large centralized filtration systems that are expen 
sive to construct and to operate. A conventional centralized 
filtration system is usually configured to filter the entire 
volume of water in a pool from about 1 to 6 times per day. 
The operation of such centralized filtration systems is energy 
intensive and causes swimming pools to have a large carbon 
footprint and limits the maximum size of conventional 
swimming pools. 

Water is typically directed to the centralized filtration 
system from three sources: the main body of water in the 
pool; water suctioned from the bottom of the pool containing 
settled impurities; and water drawn from the surface of the 
pool by skimmers. All three sources are treated by the same 
centralized filtration system regardless of different levels 
and types of impurities. In addition, conventional centralized 
filtration systems operate according to certain defined peri 
ods of time, or for certain amount of hours a day without 
taking into account the real time condition of the water being 
treated and/or without adjusting operational parameters and 
filtration requirements to optimize efficiency of the system 
in view of the real time condition of the water being treated. 

Conventional centralized pool filtration systems therefore 
have high equipment costs and consume large amounts of 
energy to complete such filtration requirements. The Asso 
ciation of Pool and Spa Professionals estimates that there are 
more than 5.5 million swimming pools in the United States 
equipped with conventional centralized filtration systems. 
According to the U.S. Department of Energy, conventional 
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2 
pool filtration systems are very energy intensive, using up to 
3,000 kWh of electricity per year, the equivalent of about 
30% of an average household’s electricity consumption, as 
per the Energy Information Administration. The California 
Energy Commission estimates that a typical backyard swim 
ming pool in California can use enough energy during the 
summer season as would be needed to power an entire home 
for three months. Reducing the amount of energy needed for 
filtration would provide savings in the cost of maintenance 
of the pools and also reduce CO2 emissions. 
The cost and high energy demand of operating a pool with 

conventional centralized filtration systems has caused clo 
sures of some large public swimming pools around the 
world. For example, according to the Japan Times, the 
“Ocean Dome” indoor swimming pool located in Japan 
(which holds the Record Guinness as the largest indoor 
swimming pool in the world, with over 1 hectare of water 
surface) had to be closed in 2007 due to high operational 
costs. Another example is the “Fleishhacker Pool” located in 
California, with a surface of 1.5 hectares, which had to be 
closed on 1971 due to water quality problems and high costs. 

With a trend toward more sustainable and ecological 
practices, regulatory agencies throughout the world are 
enacting regulations that aim to lower energy consumption 
and reduce CO2 emissions of swimming pool operations. 
Because of the need for lower energy consumption and more 
cost effective filtration systems, it is desirable to have a 
method that is capable of maintaining water quality at a 
lower capital and operating cost. A trend toward more 
sustainable operations is also driving the need for more 
energy efficient systems and methods for maintaining water 
quality in large water bodies, such as swimming pools. 

PREVIOUS ART 

Turbidity of water can be used as a measure of water 
quality. Turbidity is caused by microscopic suspended solid 
particles that result in “cloudiness” of the water. The par 
ticles may include many different types of impurities, such 
as inorganic and organic particles, microbes, and algal 
growth. Turbidity of water can be reduced, for example, by 
filtration or by causing the particles to agglomerate or react 
with chemicals, making them heavy enough to settle to the 
bottom. U.S. Pat. No. 4,747,978 discloses a method of 
disinfecting swimming pool water by use of calcium 
hypochlorite compositions including an inorganic flocculant 
(e.g., aluminum sulfate) that can provide improved clarity 
upon addition to a body of water, e.g., a swimming pool. The 
’978 patent discloses that water clarity can be improved by 
the simultaneous settling of organic materials and suspended 
solids due to the addition of the flocculant, but at the same 
time discourages the use of too much flocculant in order to 
avoid plugging the filtration system. Also, such method 
requires filtration of the complete water volume. 

Chinese patent publication CN2292798 discloses a water 
circulation treatment and underwater dirt collecting device 
for a swimming pool including a treating and circulating 
water discharging impurities. The ’798 publication discloses 
adding flocculant, algaecide sterilizing agent and pH regu 
lating agent to the water, filtering the water and returning the 
water back to the swimming pool. The dirt is suctioned from 
the bottom of the pool by a dirt collecting disc which moves 
along the bottom, and the sediment accumulated at the 
bottom of the pool is discharged out of the pool. However, 
even in this treatment system, the entire body of water is 
filtered. The ’798 publication does not address the issues 
associated with high filtration volumes and does not disclose 
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controlling the operation of the suctioning system or the 
filtration system based on observed water quality param 
eters. The ’798 publication also fails to address the treatment 
of skimmed water that is typically sent through the central 
ized filtration system, thus adding to the total filtration 
volume. 

SUMMARY 

The optimized system and method of the present inven 
tion replaces conventional centralized filtration systems 
from traditionally configured swimming pools with a sim 
plified economic filtration system and degreasing system 
that consumes up to two orders of magnitude less energy, 
and requires much smaller filtration equipment than con 
ventional filtration systems. The method replaces the three 
filtration requirements from conventional centralized filtra 
tion systems used in swimming pools, which are: the filtra 
tion of the entire body of water contained in the swimming 
pool; the filtration of the water suctioned from the bottom 
that contains settled impurities; and the filtration of the 
surface water drawn by a skimmer system. In such a 
conventional system, the three water flows are sent to the 
same centralized filtration system in order to remove sus 
pended solids, floating debris and greases. 

The disclosed system and method provide for a signifi 
cantly lowered need for filtration capacity by suctioning a 
small water flow from the bottom of the large water body 
(e.g., a pool) that contains settled impurities, thus avoiding 
filtration of the entire body of water and the centralized 
filtration of skimmed water is replaced by screening of 
debris and skimming of oil and grease. The system and 
method of the invention allows activating the operation of 
specific systems based on the received information regard 
ing different water quality and physicochemical parameters. 
These parameters often include turbidity, the color of the 
bottom of the water body, and amount of greases on the 
surface water layer of the water body, which can be directly 
or indirectly measured, empirically estimated, determined 
according to experience, based on sensorial methods, or 
calculated. The chemical application system, mobile suc 
tioning device, and degreasing system are each operated 
only when needed based on the actual need for filtration or 
purification dictated by the quality and physicochemical 
parameters of the water in the water body, such as turbidity 
of the water, amount of settled impurities, and/or amount of 
greases or oils on the surface water layer of the water body, 
rather than a pre-set schedule or required filtration rates as 
in conventional centralized swimming pool filtration sys 
temS. 

The method additionally provides for adding a chlorine 
based additive to the water to maintain a minimum free 
residual chlorine level in the water body or in a specific 
bathing zone, where such minimum free residual chlorine 
concentration is considerably lower than conventional con 
centrations used in swimming pools as the large water 
bodies from the present invention have large water volumes 
that provide an additional dilution effect. The minimum free 
residual chlorine level from the present invention is based on 
the WQI which comprises a group of variables that are not 
usually applied in small water volumes such as swimming 
pools. 

The method for treating a large water body generally 
includes applying an effective amount of a flocculant to 
water in the water body to maintain turbidity of the water 
below 2 NTU, wherein the flocculant flocculates impurities 
in the water into particles that settle to the bottom of the 
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4 
water body; operating a mobile suctioning device to main 
tain the increase in the black component of the bottom’s 
color below about 30%, wherein the mobile suction device 
suctions a portion of water from the bottom of the water 
body containing settled particles; filtering the water suc 
tioned by the mobile suction device and returning the filtered 
water to the water body, wherein the water suctioned by the 
mobile suction device does not exceed about 10% of the 
total water volume of the water body in a 24 hour interval; 
and activating operation of a degreasing system to maintain 
a surface water layer having less than about 20 mg/L of 
floating greases, wherein greases from a surface water flow 
into the degreasing system are removed by a separation unit 
comprising a degreaser and the treated water is returned to 
the water body. 

In an embodiment, the system includes a control system 
that can activate the operation of the chemical application 
system, mobile suctioning device, and/or degreasing system 
based on received water quality and physicochemical 
parameters including turbidity, the color of the bottom of the 
water body, and amount of greases on the surface water layer 
of the water body, to adjust the water quality and physico 
chemical parameters within predetermined limits. 
The system for maintaining water quality in a large water 

body generally includes a chemical application system for 
dosing a flocculant into the water, wherein the chemical 
application system is activated to apply flocculants to the 
water in the water body to maintain turbidity of the water 
below 2 NTU, and for optionally applying a chlorine based 
additive to maintain a minimum free residual chlorine level 
in the water; a mobile suctioning device capable of moving 
along the bottom of the water body and suctioning a portion 
of water from the bottom containing settled solids, where the 
mobile suctioning device is activated when the bottom’s 
color black component increases more than 30% on a 
CMYK scale; a filtration unit in fluid communication with 
the mobile suctioning unit, wherein the filtration unit 
receives the portion of water suctioned by the mobile suction 
unit; a degreasing system for providing a surface water flow 
from the water body to the separation unit, wherein the 
degreasing system is activated to maintain a surface water 
layer having less than about 20 mg/L offloating greases; and 
one or more return lines for returning filtered water from the 
filtration unit and the degreasing system to the water body. 

BRIEF DESCRIPTION OF FIGURES 

FIG. 1 shows an example of a conventional centralized 
filtration system. 

FIG. 2 shows an embodiment of a system for maintaining 
water quality in a pool. 

FIG. 3 shows an embodiment of the system of FIG. 2. 
FIG. 4 shows an embodiment of the system of FIG. 2. 

DETAILED DESCRIPTION 

The following detailed description refers to the accom 
panying drawings. While embodiments of the invention may 
be described, modifications, adaptations, and other imple 
mentations are possible. For example, substitutions, addi 
tions, or modifications may be made to the elements illus 
trated in the drawings, and the methods described herein 
may be modified by substituting, reordering, or adding 
stages to the disclosed methods. Accordingly, the following 
detailed description does not limit the scope of the invention. 
While systems and methods are described in terms of 
“comprising” various apparatus or steps, the systems and 
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methods can also “consist essentially of or “consist of the 
various apparatus or steps, unless stated otherwise. Addi 
tionally, the terms “a,” “an,” and “the are intended to 
include plural alternatives, e.g., at least one, unless stated 
otherwise. For instance, the disclosure of “a disinfectant 
agent,” “an inlet line,” “a mobile suction device,” etc., is 
meant to encompass one, or more than one, disinfectant 
agent, inlet line, mobile suction device, etc., unless other 
wise specified. 

Conventional centralized filtration systems in swimming 
pools typically require filtration of the entire body of water 
about 1 to 6 times per day. In such filtration systems, water 
from different sources, such as intake pipes, suctioning 
devices, drains, skimmers, and overflow is collected and 
sent to a centralized filter. 
The present invention is directed to a method and system 

for treating large water bodies, where the large water bodies 
can be artificially constructed on land such as excavated 
structures, or floating structures installed within natural or 
artificial lakes, ponds, basins, rivers, the sea, or others. The 
term “water body” as used herein refers to any body of 
water, either artificially constructed on land or a floating 
structure, generally capable of being used for recreational 
use or for sports, including pools, lagoons, tanks, lakes, 
water features, artificial ponds, artificial lakes, floating 
lagoons, and the like. The large water bodies of the present 
invention generally have a water surface area of at least 
about 7,000 mt. In some embodiments the large water body 
may have a surface area of 20,000 mº, 40,000 m3, 100,000 
m”, or more. 

The water body can be constructed with characteristics 
that are suitable for performing the method of the present 
invention, where the bottom comprises a non-porous flexible 
material such as a flexible membrane. Such non-porous 
flexible material is not used generally for conventional 
concrete swimming pools, but it is used for large water 
bodies such as retention and irrigation ponds, and for 
example small kids above ground pools, and other large 
water bodies due to its flexibility that allows for easier 
installation and provides structural advantages compared 
with non-flexible materials such as concrete used in con 
ventional swimming pools, also having lower costs. 

The non-porous flexible material preferably comprises a 
liner, such as a membrane or plastic liner, and may have a 
thickness in the range of about 0.1 mm to about 5 mm. 
Examples of suitable materials include, but are not limited 
to, rubbers, plastics, Teflon, low density polyethylene, high 
density polyethylene, polypropylene, nylon, polystyrene, 
polycarbonate, polyethylene terephthalate, polyamides, 
PVC, acrylics, and combinations thereof. In other embodi 
ments, the liner can be constructed of composite materials. 
According to embodiments, the liner allows avoiding adher 
ence of settled impurities produced by the method’s pro 
cesses or natural falling debris, dust, pollen, or other sus 
pended solids that fall into the bottom of the water body. 

In an embodiment, the method and system from the 
present invention is used on artificially constructed inland 
water bodies. In order to build such water bodies, earth 
works may be required to excavate a hole in the ground to 
generate a desired depth for the water body. The non-porous 
flexible material (e.g., a membrane or plastic liner) may be 
installed on the bottom of the excavated water body. The 
non-porous material can be thermo fused, or an extruded 
HDPE concrete embedment strip can be used for liner 
attachment to provide an even layer in the bottom and 
provide the non-permeable properties to the bottom of the 
water body. 
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6 
Earthworks and soil compaction may be used to provide 

slopes within the water body (e.g., a sloping bottom). 
According to an embodiment, the slope of the bottom is 
preferably no greater than 20% in order to allow a mobile 
suctioning device to move along the bottom of the water 
body. 
The walls of the water body may be sloped or vertical. In 

an embodiment, the slope of the walls is no less than about 
45% in order to avoid attachment of settling solids, debris, 
or other impurities on the walls. Preferably, the slope of the 
walls of the water body are greater than about 60% in order 
to avoid any accumulation of settled solids, debris, and the 
like on the walls. In an embodiment, the slope of the walls 
is greater than about 80%. In another embodiment, the slope 
of the walls is greater than about 90%. 
The soil conditions in the location where the water body 

is constructed preferably allow for generating a compacted 
soil with low permeability. During construction of the water 
body, the soil may be compacted more or less depending on 
the particle size of the soil. Soil compaction can be measured 
as a percentage of the relative density (RD) of the soil or as 
a percentage of the soil’s most dense state, the maximum dry 
density (MDD). Relative density of the soil and methods 
used to calculate relative density are defined in ASTM 
D4254-00 (2006). The maximum dry density (MDD) of the 
soil can be determined according to a modified proctor 
compaction test according to ASTM D1557-12. The com 
pacted soil should attain a degree of compaction based on a 
mesh test of No 200 with an opening of 0.075 mm. 

According to an embodiment, if the amount of soil 
passing through the N 200 mesh (the “passage rate”) is less 
than 12%, the soil should be compacted to at least about 80% 
of its relative density (RD). If the amount of soil passing 
through the No 200 mesh is 12% or higher, the soil should 
be compacted to at least about 85% of its maximum dry 
density (MDD). 
The natural terrain may also be leveled to accommodate 

the water body and related equipment and facilities. The top 
layer of the natural terrain may contain organic matter and 
may be removed to avoid using such soil for compaction and 
structuring the slopes. Preferably, the removed layer of soil 
is at least 5 cm, more preferably at least 10 cm, and most 
preferably at least 25 cm. The walls of the excavated water 
bodies can be built out of soil and can be reinforced with 
concrete or other materials, or can be built out of structural 
materials such as concrete or others, which may provide 
structural stability to the water body. In an embodiment, the 
walls of the water body may also comprise non-porous 
flexible membranes. 

FIG. 1 shows a typical example of a conventional cen 
tralized filtration system for a water body. In the conven 
tional centralized filtration system, water is drawn from 
three separate sources: a main body of water 170; water from 
the bottom of the water body 142 containing settled impu 
rities; and surface water from skimmers 152. The water 
drawn from all three sources is sent through a centralized 
filter 180 and after filtration sent back into the pool 100 
through a return line 160. Because of the high volume of 
filtration required, the cost of operating such filtration sys 
tems is high. Filtration of the water in a conventional 
filtration system is not based on observed requirements but 
is usually operated continuously at a set rate or for set 
periods of time throughout the day without regard to actual 
water quality. Surface water drawn by skimmers is filtered 
in the centralized filtration system regardless of the fact that 
oil, grease and floating debris may be removed by more 
efficient means and without filtration. 
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TABLE 1-continued 

Weights applied to WQI Parameters 

Parameter WQI Weight 

Total Dissolved Solids 0.07 
Temperature Change 0.10 

The weights can be adjusted so that they add up to 1 in 
case the number of factors is not 9. Generally, the ranges for 
evaluating the WQI are as follows: 

TABLE 2 

WQI Ranges 

WQI Rating 

90-100 Excellent Water Quality 
70-90 Good Water Quality 
50–70 Poor Water Quality 
25–50 Very Poor Water Quality 
0–25 Very bad water quality 

Turbidity, oxygen demand, nutrients, and bacterial counts 
allow for assessing the water quality of the specific water 
body that is being analyzed in order to provide proper 
treatment. 

Application of a chlorine-based additive is activated in 
order to maintain at least a minimum free residual chlorine 
level. In an embodiment of the invention, the activation of 
the application of a chlorine-based additive is done through 
a control system. In an embodiment, application of a chlo 
rine based additive is activated to maintain a minimum free 
residual chlorine level, where the minimum free residual 
chlorine level cannot be lower than the value resulting from 
the following equation: 

Minimum Free Residual Chlorine Level=(0.3–0.002 
(WQI-100))ppm 

An exemplary water quality analysis is presented in Table 
3 below: 

TABLE 3 

Example 

Normalized Q Value 
Parameter Measured Value (From WQI Definition) 

Dissolved Oxygen 40% Saturation 30 
Fecal Coliform Density 2 NMP/100 ml 91 
pH 8 84 
BODs 5 mg/L 56 
Nitrates 10 mg/L 51 
Total Phosphates 1.1 mg/L 40 
Turbidity 0.3 NTU 98 
WQI 63 Based on 7 factors 

The weights are adjusted for 7 factors. The calculated 
WQI index is 63, and the minimum free chlorine level in the 
water may be calculated as follows: 

Minimum Free Residual Chlorine Level=(0.3–0.002 
(63–100))ppm 

Minimum Free Residual Chlorine Level=0.374ppm 

According to an embodiment, the minimum amount of 
chlorine in the water is maintained at or above the level 
determined by the above calculation. 

If required, the level of free residual chlorine may be 
determined through many different methods, including 

10 

15 

20 

25 

10 
empirical methods, analytical methods, algorithms based on 
experience, sensorial methods, and regulatory requirements. 
In one embodiment, the free residual chlorine level is not 
lower than the value resulting from the equation for deter 
mining minimum free residual chlorine level as disclosed 
above. In an embodiment, the minimum residual chlorine 
level is maintained continuously in the water. For example, 
the minimum residual chlorine level is maintained continu 
ously in the water for a period to time, such as for a week 
or months at a time, for operation during daylight, or for the 
duration of a swimming season. In another embodiment, the 
minimum residual chlorine level is maintained while the 
water body is in use. 
The method of the invention further provides a degreasing 

system that replaces the centralized filtration of skimmed 
water in a conventional centralized filtration system. Opera 
tion of the degreasing system of the method of the invention 
is typically based on the amount of greases found on the 
surface water layer, which in combination with application 
of the chemical agent to regulate turbidity of the water body, 
and the timing of the suctioning and filtration of the portion 
of water containing settled particles from the bottom of the 
water body based on actual need, provides a method capable 
of maintaining water quality without complete filtration of 
the water body. 

FIGS. 2-4 show embodiments of a system 10 and method 
according to the invention for maintaining water quality in 
a water body. 

In an embodiment, the system 10 includes a control 
0 system for maintaining the quality of the water in the water 
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body 1 within predetermined water quality and physico 
chemical parameters. The control system activates the addi 
tion of chemical agents, the removal of impurities from the 
water, and the removal of greases from the surface water 
layer based on water quality and physicochemical param 
eters. The control system is configured to receive informa 
tion about certain water quality and/or physicochemical 
parameters, process the information, and initiate processes 
(e.g., chemical application, suctioning, filtration, and 
degreasing). 

According to an exemplary embodiment shown in FIG. 2, 
the control system comprises a coordinating assembly 20 
that may include a control unit 22, such as a computer, and 
at least one monitoring device 24, such as a sensor. The 
sensor may be a turbidity meter or other means for deter 
mining turbidity of the water. According to other embodi 
ments, the coordinating assembly 20 may include two or 
more monitoring devices 24. For example, the coordinating 
assembly 20 may include a monitoring device for monitor 
ing color, e.g., a colorimeter, used for determining the color 
of the bottom 2 of the water body 1. The coordinating 
assembly 20 may also comprise additional monitoring 
devices 24 for other water quality parameters, such as pH, 
alkalinity, hardness (calcium), chlorine, and microbial 
growth. 

According to an embodiment, the control system for 
coordinating the addition of chemical agents and filtration 
comprises an automated system. The automated system may 
be programmed to monitor water quality parameters con 
tinuously or at pre-set time intervals, and to compare the 
results to a predetermined value. For example, the auto 
mated system may initiate addition of chemical agents for 
removing impurities from the water, operation of the mobile 
suction device, and/or operation of the degreasing system 
upon detecting a crossing of a value. According to an 
alternative embodiment, the control system comprises 
manually activating the addition of chemical agents, opera 
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tion of the mobile suction device, and/or operation of the 
degreasing system based on a determination of water quality 
and physicochemical parameters. 
The control system may comprise an automated system 

that can be operated on site or remotely through the internet 
or other similar information-exchange systems. Such control 
system allows automatically and operating the processes and 
activating different systems within different periods of time. 
According to alternative embodiments, the activation of the 
processes may be completed by one or more people that 
manually obtain and/or enter and/or process information, or 
initiate and/or perform processes for maintaining water 
quality parameters. 

FIG. 3 shows an embodiment of the system where the 
control system comprises visual or optical inspection of 
water quality parameters. In the embodiment, water quality 
and physicochemical parameters can be obtained manually, 
for example by visual inspection, sensorial methods, algo 
rithms based on experience, or by obtaining a sample and 
measuring water quality using analytical or empirical meth 
ods. For example, the color of the bottom 2 of the water body 
1 can be determined by visual inspection by comparing the 
color of the bottom 2 of the water body 1 to a color palette. 
The color of the bottom 2 of the water body 1 can be 
visualized from the surface of the water, or, in particular 
when turbidity is high (e.g., more than about 7 NTU), by 
using a transparent peephole attached to a tube that allows 
visualization of the bottom 2 of the water body 1. 

In an embodiment, the system 10 provides for adding 
chemical agents to the water. According to an embodiment 
shown in FIG. 2, the system comprises a chemical applica 
tion system 30. The chemical application system 30 may be 
automated and may be controlled by the control unit 22 of 
the coordinating assembly 20. The chemical application 
system 30 may comprise at least one chemical reservoir, a 
pump for dosing chemicals, and a dispensing apparatus. The 
pump may be actuated by a signal from the control unit 22. 
The dispensing apparatus may comprise any suitable dis 
pensing mechanism, such as an injector, a sprinkler, a 
dispenser, piping, or combinations thereof. 

According to an alternative embodiment, as shown in 
FIG. 3, the chemical application system 30 may be operated 
manually based on monitoring of water quality parameters. 
For example, the water quality parameters can be obtained 
manually, by empirical or analytical methods, algorithms 
based on experience, visual inspection, sensorial methods, 
or by using a sensor, and the information about the water 
quality parameters can be processed manually or by entering 
into a processing device (e.g., a computer). Based on the 
information about the water quality parameters, operation of 
the chemical application system 30 may be activated manu 
ally, e.g., by activating a switch. 

In yet another embodiment shown in FIG. 4, chemicals 
may be dosed manually into the water or by using a separate 
chemical application mechanism. For example, water qual 
ity parameters can be obtained manually, visually, by sen 
sorial methods, algorithms based on experience, or by using 
a sensor, and the information about the water quality param 
eters can be processed manually or by entering into a 
processing device (e.g., a computer). Based on the informa 
tion about the water quality parameters, chemicals can be 
manually added into the water. 

The system 10 typically comprises a filtration system 40. 
As seen in the embodiments of FIGS. 2-4, the filtration 
system 40 includes at least one mobile suctioning device 42 
and a filtration unit 44. The mobile suctioning device 42 is 
configured to suction a portion of water from the bottom 2 
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12 
of the water body 1 that contains debris, particulates, solids, 
flocs, and/or other impurities that have settled on the bottom 
2. Suctioning and filtering this portion of the water volume 
in the water body provides the desired water quality without 
a filtration system that filters the entire water volume of the 
water body, which is in contrast to conventional swimming 
pool filtration technologies that require filtering the entire 
water volume 1 to 6 times per day, have large capital costs, 
and consume large amounts of energy to complete such 
filtration requirements. 

According to an embodiment, the mobile suctioning 
device 42 is capable of moving along the bottom 2 of the 
water body 1. However, to maximize the efficiency of 
removal of debris, particulates, solids, flocs, and/or other 
impurities that have settled on the bottom 2, the mobile 
suctioning device 42 can be configured such that its move 
ment creates minimal dispersion of the settled materials. In 
an embodiment, the mobile suctioning device 42 is config 
ured and operated to avoid the re-suspension of less than 
30% of the settled materials that are found on the bottom. In 
an embodiment, the mobile suctioning device 42 is config 
ured to not include parts, such as rotating brushes that could 
function to re-disperse a substantial portion of the settled 
materials from the bottom 2 of the water body 1 during 
operation of the suctioning device. 
The operation of the mobile suctioning device 42 can be 

controlled by the control unit 22 or manually by an operator. 
According to an embodiment shown in FIG. 2, the operation 
of the suctioning device 42 can be controlled by the control 
unit 22. In an alternative embodiment shown in FIG. 3, the 
operation of the suctioning device 42 can be controlled 
manually by an operator. 
The mobile suctioning device 42 may comprise a pump, 

or a separate pump or pumping station may be provided to 
suction the water and to pump the suctioned water to the 
filtration unit 44. The separate pump or pumping station may 
be located within the large water body 1, along the perimeter 
of the water body 1, or outside of the water body 1. 

It is also considered within the scope of the invention to 
incorporate a filtration unit directly into the mobile suction 
ing device 42 itself. 
The mobile suctioning device 42 is typically in fluid 

communication with the filtration unit 44. The filtration unit 
44 generally includes one or more filters, such as a cartridge 
filter, sand filter, micro-filter, ultra-filter, nano-filter, or a 
combination thereof. The mobile suctioning device 42 is 
typically connected to the filtration unit 44 by a collecting 
line 43 comprising a flexible hose, rigid hose, or a pipe, 
among others. The capacity of the filtration unit 44 is 
generally scaled to the capacity of the mobile suctioning 
device 42. The filtration unit 44 filters the water flow from 
the mobile suctioning device 42, corresponding to a small 
portion of the volume of water in the water body 1. Filtered 
water from the filtration unit 44 is returned to the water body 
1 by a return line 60 comprising a conduit, which can be a 
flexible hose, rigid hose, a pipe, an open channel, or a 
combination thereof. Compared to a conventional central 
ized filtration system with capacity to filter the entire body 
of water in a water body 1 to 6 times per day, the filtration 
unit 44 is generally configured to have a filtration capacity 
that does not exceed 30% of the total water volume of the 
water body 1 in a 24 hour interval. Typically, the filtration 
capacity does not exceed 20% of the total water volume of 
the water body 1 in a 24 hour interval, and in a preferred 
embodiment it does not exceed 10% of the total water 
volume. The energy consumption of the filtration system is 
roughly proportional to size and, thus, significant costs 
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savings can be expected with lower energy consumption, 
and requiring smaller equipment for the filtration process. 
The system 10 further comprises a degreasing system 50. 

The degreasing system 50 can be used to separate floating 
debris and oils and greases from the water. The system 10 
can further include a skimmer system hydraulically con 
nected to the degreasing system 50, in order to efficiently 
purify skimmed water. As shown in FIGS. 2-4, the degreas 
ing system 50 can include a skimmer system 52 that skims 
the surface water of the water body 1, in fluid connection by 
a connecting line 53 with a separation unit 54. Because of 
the different nature and quality of impurities (e.g., oils, 
greases, and floating debris) in skimmed water as compared 
to impurities in the bottom 2 of the water body 1, the 
skimmed water usually does not need to be filtered; however 
it is considered within the scope of the invention to include 
a filter in the degreasing system 50. Therefore, according to 
an embodiment, the separation unit 54 comprises a 
degreaser (e.g., an over flow apparatus) for separating oils 
and greases from the water and a screen or coarse filter for 
separating debris or a conventional filter. Water from the 
separation unit 54 can be returned to the water body 1 
through a return line 60 comprising a flexible hose, rigid 
hose, a pipe, an open channel, or a combination thereof. The 
return line 60 may be the same, or may be separate from the 
return line from the filtration system 40. According to a 
preferred embodiment, the degreasing system 50 includes 
multiple skimmers 52 that may be spread out along the 
perimeter of the water body 1. The skimmers 52 can be 
evenly spaced along the perimeter such that each skimmer 
52 is equidistant from an adjacent skimmer 52, or placed in 
an uneven pattern, e.g., concentrated in an area of the water 
body 1 expect to have higher impurities to be skimmed. The 
skimmers can be placed within the water body, and comprise 
fixed skimmers, floating skimmers, and self-filtering skim 
ImerS. 

The skimmers provide a surface water flow to the sepa 
ration unit. The operation of the degreasing system 50 may 
be continuous or intermittent depending on the actual needs 
of the water. For example, operation of the degreasing 
system 50 can be based on the amount of greases on the 
surface water layer. In an embodiment, the skimmer system 
is used to maintain a surface layer of water with less than 
about 40 mg/L of greases, typically less than about 30 mg/L 
and preferably less than about 20 mg/L. In an embodiment, 
the degreasing system 50 is activated before the top-most 1 
cm of said surface water layer contains more than about 20 
mg/L of floating greases. The operation of the skimming 
system 50 may be controlled by the control unit 22 (FIG. 2). 

Water quality in the water body 1 is typically maintained 
by adding chemical agents for removing impurities from the 
water, activating the mobile suctioning device 42 to remove 
settled impurities from the bottom 2 of the water body, 
and/or activating the degreasing system 50 to remove oils 
and greases from the surface water layer according to 
monitored or observed water quality parameters. Water 
quality in the water body 1 may be obtained, for example, 
for specific parameters such as turbidity, color, pH, alkalin 
ity, hardness (Calcium), chlorine, microbial growth, among 
others. The chemical application system, filtration system, 
and/or degreasing system can be timely activated by the 
control system to maintain the water quality parameters 
within set limits. The systems can be activated based on an 
actual need (e.g., exceeding a water quality parameter), 
resulting in the application of smaller amounts of chemicals 
and using less energy than in conventional swimming pool 
water treatment methods. 
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In some embodiments, water bodies of the present inven 

tion are considerably larger than conventional swimming 
pools, and therefore homogeneity may not be achieved 
throughout the complete water body by using conventional 
chemical application systems. Large water bodies tend to 
generate “dead zones” or “stagnant zones” which are not 
affected by the chemicals due to currents, mixing, winds, or 
other effects, and which may not present the same conditions 
as the rest of the water body. The application of additives in 
the present invention is done such that the water body does 
not have considerable water quality differences. According 
to an embodiment, the differences in water quality between 
two different locations is not higher than 20%, for periods of 
time longer than 4 hours. The chemical application systems 
from the present invention comprise injectors, sprinklers, 
dispensers, manual application, and piping. 

In embodiments, water quality parameters can be 
obtained manually, for example by visual inspection based 
on experience, by sensorial methods, by using a water 
quality meter (e.g., a probe such as a pH probe, a turbidity 
meter, or a colorimeter), or by obtaining a sample and 
measuring water quality using an analytical method. Infor 
mation about the water quality parameters can be obtained 
by or entered into the control system. In an embodiment, an 
automated control system may be programmed to monitor 
water quality parameters continuously or at pre-set time 
intervals, to compare the results to a predetermined param 
eter and to activate one or more systems when the parameter 
has been crossed. For example, the automated system may 
initiate addition of chemical agents, operation of the suc 
tioning device, or operation of the degreasing system upon 
detecting a crossing of a predetermined parameter. In an 
alternative embodiment, water quality parameters may be 
obtained manually or visually through sensorial methods 
and the information entered into the control system, or the 
results may be compared to a predetermined value and 
addition of chemical agents, operation of the suctioning 
device, and/or operation of the degreasing system may be 
initiated manually. Chemical agents used to maintain water 
quality in the water body may comprise any suitable water 
quality treatment chemicals. For example, the chemical 
agents may comprise oxidants, flocculants, coagulants, 
algaecides, sterilizing agents, or pH regulating agents. 
The turbidity of the water can be determined by a moni 

toring device 24 (system of FIG. 2), such as a sensor, by 
visual inspection, algorithms based on experience, and/or 
empirical methods (systems of FIGS. 3 and 4). Before the 
turbidity exceeds a predetermined value, a chemical agent, 
such as a flocculant, may be added to the water in the water 
body to promote or induce agglomeration, coagulation, or 
flocculation of impurities that cause turbidity, such as sus 
pended solids, organic matter, inorganic matter, bacteria, 
algae, and the like, into particles, or “floccules”, which then 
settle to the bottom of the water body where they can be 
removed by the mobile suctioning device. In an embodi 
ment, the amount of impurities that have settled onto the 
bottom of the water body corresponds to an amount of 
turbidity removed from the water by the flocculant. Some 
settlement of impurities may also happen naturally without 
the addition of chemicals. 

Generally, the flocculant is applied or dispersed into the 
water by the chemical application system. The flocculant 
may comprise a composition with synthetic polymers such 
as quaternary ammonium-containing polymers and polyca 
tionic polymers (e.g., polyguaternium), or other components 
with flocculant or coagulant properties. Suitable flocculants 
include but are not limited to multivalent cations (e.g., quats 
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and polyguats); synthetic polymers (e.g., cationic polymers 
and anionic polymers); aluminum salts, such as aluminum 
chlorhydrate, alum, and aluminum sulfate; calcium oxide; 
calcium hydroxide; ferrous sulphate; ferric chloride; poly 
acrylamide; sodium aluminate; sodium silicate; and some 
natural agents such as chitosan, gelatin, guar gum, alginates, 
moringa seeds; starch derivatives; and combinations thereof. 
In embodiments, the flocculant has algaecide properties 
which kills and/or prevents the growth of algae in the water 
body. The use of flocculants having algaecide properties can 
reduce the amount of chlorine or other disinfectants in the 
water body, thus reducing chemical consumption and pro 
viding a sustainable operation. 

In an embodiment, addition of flocculants is initiated 
before turbidity is equal to or exceeds a predetermined 
value, such as 2 NTU, 3 NTU, 4 NTU, or 5 NTU. The 
control system may be used to initiate the addition of 
flocculants before turbidity of the water exceeds a predeter 
mined value in order to cause the flocculation and settling of 
organic and inorganic matter. Typically an effective amount 
of flocculant is added to the water to prevent the turbidity 
from exceeding the 2 NTU. The fraction of water in which 
the floccules collect or settle is generally the layer of water 
along the bottom of the water body. The floccules settle at 
the bottom 2 of the water body 1 and can then be removed 
by the mobile suctioning device 42 without requiring that all 
of the water in the water body 1 be filtered, e.g., only a small 
fraction is filtered. The “small fraction” of water being 
filtered is preferably less than about 10% of the total water 
volume of the water body in a 24 hour interval. In an 
embodiment, the small fraction of water being filtered is less 
than about 20% of the total water volume of the water body 
in a 24 hour interval. In another embodiment, the small 
fraction of water being filtered is preferably less than about 
30% of the total water volume of the water body in a 24 hour 
interval. The amount of flocculant added to the water can be 
predetermined or can be calculated (e.g., by the control 
device 22 in FIG. 2 or manually as shown in FIGS. 3 and 4) 
based on the turbidity and the desired reduction in turbidity 
of the water. Because the volume of the body of water is 
large, different operating conditions may be used for the 
filtration system. In an embodiment, the filtration system is 
operated at the same time as the suctioning device and 
filtered is returned water to the water body continuously. 
The color of the bottom of the water body can have a 

significant influence on the coloration of the water, provid 
ing an aesthetically appealing coloration to the water in the 
water body. The bottom of the water body typically has a 
color that lends an aesthetically pleasing color and appear 
ance to the water in the water body. For example, the bottom 
2 of the water body 1 may have a colored material with a 
white, yellow or blue color, among other colors. The settling 
of particulates, solids, flocs, and/or other impurities to the 
bottom of the water body may cause a change in the 
appearance of color of the bottom of the water body. For 
example, the settled impurities can make the color of the 
bottom 2 of the water body 1 appear darker than the original 
color. As the settled impurities collect on the bottom 2 of the 
water body 1, the color of the bottom 2 will become darker 
and thus the coloration of the bottom 2 will not be visible. 

According to one method of the present invention, the 
operation of the suctioning device 42 is activated when the 
color of the bottom of the water body exceeds a predeter 
mined value. In an exemplary embodiment shown in FIG. 2, 
the color of the bottom 2 of the water body 1 is measured by 
a monitoring device 24 (e.g., a colorimeter) of the coordi 
nating assembly 20. If the measured or perceived color of 
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the bottom 2 of the water body 1 exceeds a predetermined 
value, the operation of the mobile suctioning device 42 is 
initiated by the control unit 22 of the coordinating assembly 
20. For example, a pump of the mobile suctioning device 42 
can be actuated by a signal from the control unit 22. In this 
way, the mobile suction device 42 is operated only when 
needed based on the actual need for filtration or purification 
dictated by the quality of the water (e.g., an amount of 
settled impurities causing the color measurement to exceed 
the predetermined value) rather than a pre-set schedule. 

In an exemplary embodiment, the color of the bottom of 
the water body can be monitored for changes in the black 
component on a CMYK. The CMYK color scale uses four 
colors expressed in percentages: cyan, magenta, yellow and 
black. The K-component of the CMYK scale is the black 
component of the color. For example, a color with CMYK 
15%, 0%, 25%, and 36% represents a color with 15% cyan, 
0% magenta, 25% yellow, and 36% black component. The 
black component of the bottom of the water body can be 
assessed by visually comparing the bottom color of the 
water body with standard CMYK charts or color palettes, by 
sensorial methods, empirical methods or algorithms based 
on experience, and determining the black component 
according to the percentage found in the CMYK chart. 

Alternative color scales, such as the L*a*b* (or “Lab”) 
scale, can also be used. In the L*a*b* scale, color is 
measured on three axis, L., a, and b, where the L-axis 
measures lightness. An L-value of 100 indicates white and 
L=0 indicates black. Thus, if the actual or original color of 
the bottom of the water body has, for example, an L-value 
75, the second value can be experimentally set at some lower 
L-value, such as L=50. For example, when impurities settle 
on the bottom 2 of the water body 1 and before the perceived 
color of the bottom 2 reaches L=50, the operation of the 
suctioning device 42 can be initiated. 
According to an embodiment shown in FIG. 2, the color 

of the bottom 2 of the water body 1 is monitored by using 
a monitoring device 24, such as a colorimeter. According to 
an alternative embodiment shown in FIGS. 3 and 4, the color 
of the bottom 2 of the water body 1 is monitored by visual 
inspection and/or by comparing the color to a comparison 
chart or color palette. In yet another embodiment, the color 
of the bottom 2 of the water body 1 can be visualized from 
the surface of the water, or, in particular when turbidity is 
high (e.g., more than about 7 NTU), by using a transparent 
peephole attached to a tube that allows visualization of the 
bottom 2 of the water body 1. A visual inspection can also 
be conducted through, e.g., a strategically placed camera 
allowing for remote analysis of the bottom 2 of the water 
body 1. 
The bottom of the water body ordinarily has a color that 

lends a pleasing color and appearance to the water in the 
water body. For example, the bottom 2 of the water body 1 
comprises a non-porous flexible membrane that may have a 
colored material such as white, yellow or blue. In an 
exemplary embodiment, the color of the bottom 2 of the 
water body 1 is measured by a monitoring device 24 (e.g., 
a colorimeter) of the control assembly 20. The perceived 
color of the bottom 2 of the water body 1 can be compared 
to its actual, original or desired color by empirical or 
analytical methods, such as algorithms based on experience, 
visual inspection, sensorial methods, comparison with color 
guides, colorimeters, spectrophotometers, and others. 
The operation of the mobile suctioning device 42 can be 

activated through the control system. In an embodiment 
shown in FIG. 2, the operation of the mobile suctioning 
device 42 can be activated by the control unit 22. In other 
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and energy efficient filtration systems for maintenance of 
water quality in water bodies. 

Example 2 

The method of the present application was applied to a 
large recreational lagoon with a surface area of about 9,000 
m” and a volume of about 22,500 m”. The lagoon was 
equipped with a suctioning device capable of suctioning 
water and settled impurities from the bottom of the lagoon 
having a flow rate of about 25 L/s, and 22 skimmers around 
the perimeter of the lagoon each having a flow rate of about 
2.2 L/s. Water from the suctioning device was sent to a 
filtration system to remove impurities, and filtered water was 
returned into the lagoon. The filtration system was equipped 
with a QMA 180 filter having a diameter of 1.8 m. Water 
from the skimmers was sent through a degreaser and screens 
to remove floating debris. Purified water was returned back 
into the lagoon. 
The color of the bottom of the lagoon was visually 

inspected and was assessed against a CMYK color palette by 
an experienced technician. Turbidity was initially deter 
mined to be 0.55 NTU using a turbidimeter. Before turbidity 
exceeded 2 NTU, addition of treatment chemicals was 
initiated. The treatment chemical used was a cationic poly 
mer flocculant that was added to achieve a concentration in 
the range of 0.02-1.0 ppm. After addition of the flocculant, 
the impurities causing turbidity agglomerated and settled to 
the bottom of the pool. 

Sodium Hypochlorite was added to the water and a 
minimum residual concentration of 0.4 ppm was maintained. 
The minimum residual chlorine level was obtained by 
performing a series of experiments that involved measuring 
the microbiological count of the water for different residual 
chlorine levels until acceptable levels were achieved. It is 
important to note that the minimum residual chlorine level 
was not lower than the value resulting from the equation as 
follows: 

Minimum Free Residual Chlorine Level=0.3–0.002 
(WQI-100))ppm 

It must be noted that such minimum free residual chlorine 
level is lower than for conventional swimming pools, due to 
the large water volumes that allow providing an additional 
dilution effect and since the minimum free residual chlorine 
level is based on the WQI which assesses water quality 
parameters applicable to large water bodies. 

The color of the bottom of the pool was again visually 
inspected to estimate the color black component. As an 
increase in the black color component approached 30% on 
the CMYK scale, operation of the suctioning device was 
initiated. The color of the bottom was further monitored, and 
suctioning was discontinued when the deviation in color 
black from the original color of the bottom was down to 
about 3%-units. At the same time, surface water was drawn 
by the skimmers and was cleaned of grease and floating 
debris. The method was applied to the bathing zones of the 
water body while such zones were in use. 

To maintain an appropriate water quality for recreational 
use, the filtration needs, compared to the same size pool 
filtered with conventional centralized filtration, were as 
follows: 

TABLE 5 

Example 2 Filtration Needs 

Filtration of the water from the suctioning device 2.5 L/s 
Purification of surface water from skimmers (not filtered) 46 L/s 
Total filtration requirement 2.5 L/s 
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TABLE 5-continued 

Conventional Centralized Filtration System 

Filtration of complete body of water two times per day 521 L/s 
Purification of surface water from skimmers (filtered) 46 Lºs 
Total filtration requirement 567 Lºs 

The filtration need when using the present method was 
only 25 L/s when filtration was based on monitoring actual 
water quality parameters. The filtration need using a con 
ventional centralized filtration system for the same size pool, 
configured to filter the entire body of water two times per 
day (turnover rate of 12 hours) was 567 L/s, which is about 
23 times higher. 

While certain embodiments of the invention have been 
described, other embodiments may exist. While the speci 
fication includes a detailed description, the invention’s 
scope is indicated by the following claims. Furthermore, 
while the specification has been described in language 
specific to structural features and/or methodological acts, the 
claims are not limited to the features or acts described above. 
Rather, the specific features and acts described above are 
disclosed as illustrative aspects and embodiments of the 
invention. Various other aspects, embodiments, substitu 
tions, additions, modifications, and equivalents thereof 
which, after reading the description herein, may suggest 
themselves to one of ordinary skill in the art without 
departing from the spirit of the present invention or the 
scope of the claimed subject matter. 
What is claimed is: 
1. A method for treating large water bodies for recre 

ational uses, including large artificial excavated or floating 
structures with bottoms comprising flexible membranes, 
wherein the method comprises: 

(a) applying an effective amount of a flocculant to water 
in the water body to maintain turbidity of the water 
below 2 NTU, wherein the flocculant flocculates sus 
pended solids in the water into particles that settle to the 
bottom of the water body; 

(b) monitoring to determine the color of the bottom of the 
water body, receiving information regarding the color 
of the bottom and activating a mobile suctioning device 
to adjust the color within a set limit by suctioning 
settled particles from the bottom of the water body; 

(c) operating the mobile suctioning device to maintain an 
increase in a black component of the color of the 
bottom below 30% based on the CMYK scale, wherein 
the mobile suction device moves on the bottom of the 
water body and suctions a portion of water from the 
bottom of the water body containing settled particles, 
wherein the device is capable of moving and cleaning 
at a rate of 10,000 m per 24 hours, and wherein 
operating the mobile suctioning device does not re 
suspend more than 30% of the settled particles in the 
area on the bottom of the water body cleaned by the 
mobile suction device; 

(d) filtering the water suctioned by the mobile suction 
device and returning the filtered water to the water 
body, wherein the water suctioned by the mobile suc 
tion device does not exceed 10% of the total water 
volume of the water body in a 24 hour interval; and 

(e) operating a degreasing system to maintain a surface 
water layer having less than about 20 mg/L offloating 
greases within a top-most 1 cm of the surface water 
layer, wherein greases from the surface water layer 
flow into the degreasing system and are removed by a 
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separation unit comprising a degreaser, and the water 
that has passed through the degreaser is returned to the 
water body. 

2. The method of claim 1, further comprising adding a 
chlorine-based additive to maintain at least a minimum free 
residual chlorine level in the water, where the minimum free 
residual chlorine level is at least the value resulting from the 
following equation: 

Minimum Free Residual Chlorine Level=(0.3–0.002 
(WQI-100))ppm. 

3. The method of claim 1, wherein the water body has a 
surface area of at least 7,000 m”. 

4. The method of claim 1, wherein the flexible membrane 
has a thickness between about 0.1 mm and about 5 mm. 

5. The method of claim 1, wherein the flexible membrane 
comprises rubber, plastic, Teflon, low density polyethylene, 
high density polyethylene, polypropylene, nylon, polysty 
rene, polycarbonate, polyethylene terephthalate, poly 
amides, PVC, acrylics, or a combination thereof. 

6. The method of claim 1, wherein the suctioning device 
is supported over brushes to avoid damaging the bottom of 
the artificially constructed structures. 

7. The method of claim 1, wherein the suctioning device 
is a self-propelled device. 

8. The method of claim 1, wherein the suctioning device 
allows concentration of suctioning power at suction points 
distributed along the bottom of the device, therefore pro 
viding higher suctioning efficiency and avoiding re-suspend 
ing the settled materials and debris found on the bottom. 

9. The method of claim 1, further comprising receiving 
information regarding the turbidity of the water and apply 
ing flocculants to adjust the turbidity below a set limit. 

10. The method of claim 1, wherein the turbidity is 
determined by empirical methods, analytical methods, or 
algorithms based on experience. 

11. The method of claim 1, wherein a control system 
activates the application of additives, the operation of the 
suctioning device, and the operation of the degreaser system. 

12. The method of claim 11, wherein the control system 
is an automated system that processes information. 

13. The method of claim 11, wherein the control system 
may be operated on site. 

14. The method of claim 11, wherein the control system 
may be operated remotely through an interne connection or 
other information-exchange system. 

15. The method of claim 11, wherein the control system 
receives information regarding the turbidity of the water and 
activates the flocculant application to adjust the turbidity 
within a set limit. 

16. The method of claim 1, wherein the flocculant com 
prises synthetic polymers comprising quaternary ammo 
nium-containing polymers or polycationic multivalent cat 
ions; aluminum salts; calcium oxide; calcium hydroxide; 
ferrous sulphate; ferric chloride; polyacrylamide; sodium 
aluminate; sodium silicate; natural agents comprising chi 
tosan, gelatin, guar gum, alginates, or moringa seeds; starch 
derivatives; or combinations thereof. 

17. The method of claim 1, wherein flocculant comprises 
algaecide properties. 

18. The method of claim 1, wherein the flocculant is 
dispensed into the water by a chemical application system 
comprising at least one selected from the group consisting of 
injectors, sprinklers, dispensers, manual application, and 
piping. 
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19. The method of claim 2, further comprising receiving 

information regarding the free residual chlorine level in the 
Water. 

20. The method of claim 2, wherein the minimum free 
residual chlorine level is determined by empirical methods, 
analytical methods, or algorithms based on experience. 

21. The method of claim 2, wherein a control system 
activates the chlorine-based additive application. 

22. The method of claim 2, wherein the chlorine-based 
additive is dispensed into the water by a chemical applica 
tion system comprising at least one selected from the group 
consisting of injectors, sprinklers, dispensers, manual appli 
cation, and piping. 

23. The method of claim 18, wherein the chemical appli 
cation system is disposed to provide homogeneity to the 
water body, wherein water quality between two different 
locations differs less than 20% for periods of time longer 
than 4 hours. 

24. The method of claim 1, further comprising receiving 
information regarding the color of the bottom of the water 
body and activating the mobile suctioning device to adjust 
the color within a set limit by suctioning settled particles 
from the bottom of the water body. 

25. The method of claim 1, wherein the color is deter 
mined by an empirical methods, sensory methods, analytical 
methods, or algorithms based on experience. 

26. The method of claim 1, wherein the color of the 
bottom of the structure is determined using a colorimeter. 

27. The method of claim 1, wherein operation of the 
mobile suctioning device is activated based on an amount of 
impurities that have settled onto the bottom of the water 
body and affect the color of the bottom, the amount of settled 
impurities corresponding to an amount of turbidity removed 
from the water. 

28. The method of claim 11, wherein the control system 
receives information regarding the color of the bottom of the 
water body and activates the operation of a suctioning 
device to adjust the color within a set limit. 

29. The method of claim 11, wherein the control system 
receives information regarding amount of floating greases 
and activates the operation of the degreasing system to 
adjust the amount of floating greases within a set limit. 

30. The method of claim 1, wherein the degreasing system 
comprises skimmers to provide the surface water flow into 
the separation unit. 

31. The method of claim 1, wherein the degreaser com 
prises an overflow apparatus for separating oils and greases 
from the water. 

32. The method of claim 1, wherein the degreasing system 
comprises one or more screens for retaining large debris and 
a degreaser for separating water from oils and greases 
through overflow. 

33. The method of claim 1, wherein the degreasing system 
comprises a filter. 

34. The method of claim 1, wherein the method is applied 
to a bathing zone within the water body. 

35. The method of claim 2, wherein the minimum residual 
chlorine level is maintained continuously within the water 
body. 

36. The method of claim 2, wherein the minimum residual 
chlorine level is maintained for a period of time within the 
water body. 

37. The method of claim 2, wherein the minimum residual 
chlorine level is maintained when the water body is in use. 

38. The method of claim 1, wherein the impurities com 
prise suspended solids, organic matter, inorganic matter, 
bacteria, or algae. 
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39. The method of claim 1, wherein the water body 
comprises an excavated structure having a bottom and walls 
to contain the water and a non-permeable flexible membrane 
covering the bottom of the water body, the bottom having a 
slope that is about 20% or less and the walls having a slope 
that is greater than about 45%. 

40. The method of claim 39, wherein soil forming the 
bottom of the excavated structure is compacted soil, the soil 
being compacted to at least 80% of its relative density (RD) 
if a passage rate of the soil forming the bottom of the 
excavated structure through Nº.200 mesh is less than 12%. 

41. The method of claim 39, wherein soil forming the 
bottom of the excavated structure is compacted soil, the soil 
being compacted to at least 85% of its maximum dry density 
(MDD) if a passage rate of the soil forming the bottom of the 
excavated structure through N9200 mesh is greater than 
12%. 

42. The method of claim 1, wherein the bottom comprises 
a colored material with a white, yellow, or blue color. 
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