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Abstract

Water management is a tool that seeks to guarantee the sustainability of water
through the efficient and effective management of water. This resource has
innumerable uses, one of the most prominent of which is recreation. However,
the demands of the recreational sector have not been of great relevance for
decision makers. Some of these activities, like golf, require an ample
infrastructure that demands a lot of water for its operation and maintenance. In
this article an evaluation and quantification of the volume of water used in a
golf club in the municipality of Tocancipa, Colombia, is carried out. A
proposed Program of Savings and Efficient Use of Water (PSEUW) to reduce
the impacts generated by this activity as a result of operating actions within
the facilities is presented. As a result, the irrigation operation in the golf
course represents 98% of the total consumption of the club, that is to say
147,643.70 m®/year, because the water is used for both the course in use and
for the tennis courts, gardens, fertilization and fumigation processes, filling
lakes, washing cars, and washing golf carts. On the other hand, there are also
large losses of water throughout the facilities, in cases such as the boiler and
the hoses used in the irrigation system, as a result of the lack of technification
and maintenance. Subsequent to this, the PSEUW approach focused on
technical, social, and environmental levels. Finally, it is concluded that the
consumption of water in these types of activities must be regulated and
technified in order to reduce the volume required, minimizing the
environmental, economic, and social impacts that this consumption may
represent.
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1 INTRODUCTION

Golf is an activity that is expanding rapidly around the world. According to a
publication of the "The Royal and Ancient Golf Club of St Andrews" (R & A),
considered one of the highest world authorities of the sport, by 2016 there were
around 33,161 golf facilities in 208 of the 245 existing countries [1].

There is a close relationship between golf and nature, since the scenario where this
sport is played integrates landscapes and vegetation [2]. Additionally, the construction
of the courses is usually found in areas near rivers, lakes, lands adjacent to forests,
and on the slopes of high mountains [3].

Some of the environmental impacts generated by the construction and operation of a
golf course are the excess of water consumption, the contamination of soil and water
resources by the use of pesticides and fertilizers, the increase in urbanization near the
courses [4]-[6], deforestation, eutrophication, and changes in topography and local
hydrography [3], [7]-[9]. In spite of the above, these impacts are not generally
discussed or studied, especially in developing countries [3].

The high demand for water for the maintenance and operation of these courses
represents one of the main impacts, since the continuous irrigation of pastures is of
vital importance for the development of the game. It is estimated that between 15 and
20 million gallons per year are used for optimum irrigation of the course [10]. In
Florida, approximately 1246.77 m® of water is used per day for the 1,400 existing golf
courses [11]; in Catalonia it has been estimated that the annual water volumes used
are between 94,831 m® and 384,000 m® [12], and in the golf courses of the Spanish
Mediterranean, it is estimated that they consume between 2,000 m*/ha up to 170,00
md/ha [13], [14].

This article presents an evaluation of the water consumption of a golf club in the city
of Tocancipa, Colombia, with the purpose of putting forward a proposal for the
control of, consumption which is monitored through a set of indicators into a program
of savings and efficient use of water.

2 DIAGNOSIS
2.1 Geographic Location

The golf club is located in the savannah of Bogota. It has an area of 404,000 m?, of
which 6,500 m? are occupied by architectural infrastructure and 370,000 m?
correspond to the golf course area, consisting of 18 holes and 14 lakes (two are
natural and 12 artificial). The place also has rooms for events, restaurants, tennis
courts, squash courts, sports courts, a swimming pool, jacuzzi, sauna, Turkish bath,
and spa salon.

2.2 Water supply
The club fulfills its water requirement through an underground source, public
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aqueduct, and rainwater. As for the underground source, there is a well that operates
four hours a day for three days a week, with a flow of between 2.11 LPS and 1.39
LPS, to supply the irrigation needs of the golf course and gardens.

Water from the aqueduct system is used directly for domestic use, with two tanks of
98 m? each for the storage of drinking water, which is used to supply sports services
and to counteract contingencies. Rainwater is captured inside the golf course by
means of a drainage system composed of a trench 50 cm deep, of which 30 cm is
filled with stone covering a perforated pipe of three inches. The water is used to fill
the existing artificial lakes.

2.3 Consumption elements

For the diagnosis, a characterization of each one of the processes developed in the
club facilities was carried out, as well as the context of the water resource
management in each one of them.

2.3.1 Watering the golf course

The golf course is irrigated with water stored in the surface lake of hole 12. The
irrigation system consists of a 48 HP motor pump that drives the water to six
sprinklers. The irrigation period of an area is 20 minutes, alternating the sprinklers
along 250 valves, with a flow of 3.53 LPS each, located in the middle of the fairway
with a separation of 30 m from each other; this is because the system does not have
the capacity to carry out simultaneous irrigation in all areas.

During the dry season, 40 valves operate daily, while in the rainy season no irrigation
is carried out. Approximately 10 zones were identified where there is no coverage due
to the separation of the sprinklers, so manual irrigation with a hose is required for 15
minutes per zone.

On the other hand, the irrigation of the greens is done manually with a hose that
connects to the nearest sprinkler. The irrigation of each one takes 20 minutes a day
during the dry season, and 20 minutes every third day during the rainy season, using
the same flow rate applied to the golf course. The Table 1 shows water consumption
by area in a golf course.
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Table 1: Water consumption corresponding to the irrigation of the golf course.

Areas| Flow |Watering Dry season Rain season Annual
(LPS)| time consumption

(min) Daily Total daily Daily Total daily (m?)

consumption | consumption | consumption | consumption

(m®/area) (md) (m/area) (md)

Field | 3.53 25 5.30 211.80 0 0 36,635
Green| 3.53 20 4.24 84.72 4.24 84.72 30,922
Other| 3.53 15 3.18 31.77 0 0 5,798
Total 75,374

In the green zones there are geotextile and stone filters that are sown on sand, which
increases their requirement.

2.3.2 Seedling irrigation

The club has an area of 400 m? to reproduce the seed of the species planted on the
greens, which have a growing time of two years before being transplanted to the
course in the deteriorated areas. The irrigation system used in this area is shown in
Table 2:

Table 2: Water consumption corresponding to irrigation of the seedling.

Flow |Watering Dry season Rain season Annual
(LPS)| time consumption
(min) Daily Total daily Daily Total daily (m?°)
consumption | consumption | consumption | consumption
(m®/area) (m®) (m®/area) (m3)
3.53 20 4.236 1016.64 4.236 254.16 1270.80

2.3.3 Irrigation of gardens

The club has a total of 564 trees between 20 and 35 m high, in an area of 397,500 m?.
Watering is carried out using the water from the deep well by means of a % inch
diameter hose, with a flow rate of 1.19 LPS. For the new plants that are going to be
transplanted in the gardens, the irrigation lasts 20 minutes, daily during the dry season
and every third day in the rainy season, and for the areas of old gardens the irrigation
is carried out for 10 minutes every third day. The Table 3 shows water consumption
corresponding to the irrigation of gardens.
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Table 3: Water consumption corresponding to the irrigation of gardens.

i Total consumption
cow Watering Total ) P Annual
Areas time per | consumption consumption
(LPS) area of the areas Dry Rain 3
(min) (m?) season | season (m)
g;?g;?g 1.19 10 8,568 1028.16 | 514.08 1542.24
Species
to be 1.19 20 1,428 342.72 85.68 428.4
planted
Total 1970.64

2.3.4 Fertilization and fumigation of the course

Different products are used to guarantee the optimal state of the golf course, through
fumigation and fertilization, in which the water fulfills the purpose of favoring the
assimilation of the nutrients contained in the soil. The products used in the
fertilization process are applied at a dilution of 500 g per 1000 L of water, with Wuxal
calcium, potassium sulfate, magnesium sulfate, Actisol formula 1. Initially Actisol
was applied on the greens on a monthly basis, and the Urea and Viking Triple
Fertilizer were applied to the fairways every two weeks.

The products used for fumigation are Bayleton 250 and Esteron 47 in proportions of 2
L of product per 1000 L of water, applied to the greens on a monthly basis, in addition
to Dithane MF and Manzate 200 WG, which are applied at a dilution of 500 g every
1000 L, every 15 and 30 days, respectively. Finally, the Lorsban and Control 500 are
used in the rough areas, in dilution of 500 ml of each per 1000 L, at a monthly
frequency.

Based on the previous information, the water consumption of this section was
calculated, obtaining a total of 1,224 m? per year, evidenced in the Table 4:

Table 4: Water consumption corresponding to fumigation and fertilization.

Activity Monthly consumption | Annual consumption (m?3)
(m?)
Fumigation 6 72
Fertilization 96 1,152

Total 1,224
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2.3.5 Filling of lakes

The filling of lakes is done exclusively for two of the 12 artificial lakes. For the 12th
hole lake, water is extracted from the deep well by means of a motor pump, three
times a week during the dry season and once a week during the rainy season. For the
lake of hole 3, it is filled once a week in the dry season, and in the rainy season this
operation is not carried out. In both cases, the flow used is 15.05 LPS. Table 5 shows
the respective consumptions:

Table 5: Water consumption corresponding to the filling of lakes.

- Total Total Total
Flow | Fillin . : .
Lak . Consumptio | consumptio | consumptio annual
(LPS | gtime 3 : .
e ) h) n (m3/fill) | n dry season n rain consumptio
(m3) season (m?) n (m3)
Hole
12 15.05 ! 379.26 36,408.96 6,068.16 42,477.12
Hole
I el 487.62 15,603.84 0 15,603.84
Total | 58,080.96

2.3.6 Other consumptions

There are other consumptions within the club, among which are a water source, the
washing of user vehicles, washing of golf cart vehicles, and washing of golf shoes. In
addition, it includes washing dishes, cutlery and kitchen utensils, and washing food.
Table 6 shows the monthly and annual consumption for the previous uses.

Table 6: Water consumption corresponding to other uses.

Monthly Annual
Uses consumption | consumption

(md) (m°)
Decorative water 2.71 32.52
Vehicle washing 9.00 108
Washing of golf carts 0.79 9.50
Shoemakers 2.42 31.45

Kitchen expenses 12.05 144.63
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2.3.7 Consumption by staff and users

For this section it should be clarified that permanent staff refers to the workers of the
club, while floating personnel refers to the customers and users of the facilities. The
number of people was obtained from attendance records for the year 2017, and are
shown in the Table 7:

Table 7: Average monthly staff.

Type of Personnel Description Monthly average 2014
Fixed staff Employees 772 772
Floating personnel Attendees to events 150 1,734
Customers or frequent users 1,512
Tournament participants 72
TOTAL 2,506 2,506

Taking into account the above data, it was determined that the fixed personnel are
responsible for the consumption of 136.76 m® per year, while the floating personnel
consume 1,174.63 m?; this calculation is shown in Table 8.

Table 8: Water consumption related.

Personnel| Number | Number Water consumption (m3/year)
on on Use of |Shoemakers| Car | Pool | Total
weekdays | weekends | sapjtary wash| and
units jacuzzi
Fixed M™: 13 M: 33 136.76 0 0 0 136.76
F:4 F:21
Floating M: 37 M: 210 605.10 31.45 108 | 430.08 |1,174.63
F:5 F: 89

“M: Male, “F: Female.

Based on this analysis, it was possible to establish that the club's permanent staff is
responsible for 0.092% of the total annual water consumption (149,258.88 m®), while
the floating staff is responsible for 0.787%.

3 RESULTS

The golf club has two sources of water, the volume of water extracted from the well is
used for irrigation of the golf course and gardens, as well as fumigation, fertilization,
car washing of club clients’ cars, and washing of golf carts. An annual total volume of
146,536.70 m? was estimated for this underground source.
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On the other hand, the water supplied through the aqueduct is used in sanitary
facilities, the source and, in general, the washing and cleaning of the club’s internal
infrastructure (common areas, kitchens, bathrooms, etc.). The total annual
consumption for this source was calculated at 1,615.18 m®, a figure that coincides
approximately with the volume recorded in the service invoices (1,719 m?). Table 9
shows the total annual consumption by uses and by source.

Table 9: Uses and annual consumption of water resources.

SOURCE USES AU CONSUMPTION
() BY s((r)n% RCE

Watering golf course 83,872.80
Irrigation of seedbed 1,270.8
Watering gardens 1,970.64

Deep well ffg:g;ﬁgﬁ” and 1,224 146,536.70
Filling of lakes 58,080.96
Car wash 108
Washing of golf carts 9.5
Shoemakers 31.45

;’l}/&tj; Decorative water 3252 0397
Total 146,600.67

It is evident that the volume of water necessary for the normal functioning of the club
comes mostly from the capture of the deep well, which corresponds to 99.96%.
Meanwhile, water from the aqueduct is used to a lesser extent for secondary uses of a
domestic type, which corresponds to the remaining 0.043%.

Finally, water losses are due to both administrative and technical factors. On the one
hand, the storage and use of rainwater must be implemented to a greater extent and
strict controls must be established regarding the irrigation procedures of the golf
course and the gardening areas. On the other hand, the club's physical plant has not
received significant renovations for several years, so the infrastructure, particularly in
bathrooms and kitchens, does not meet minimum standards of saving and efficient use
of water.
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4 FORMULATION OF SAVINGS AND EFFICIENT WATER USE
PROGRAMS (SEWP)

Taking into account the consumption found in the golf club, an Efficient Water
Saving and Use Program is proposed for the 2018-2023 quinquennium, aimed at
reducing the use of water resources through technical, operational, and social
strategies that promote greater eco-efficiency in the use of the resource. As strategic
lines of the SEWP, the following projects were formulated. All the proposed
indicators for development the SWEP shows in Table 11.

4.1. Program of control, maintenance, and improvement of infrastructure

Objective: to reduce water losses due to the poor state of the current infrastructure,
such as pipes and showers used to irrigate the golf course, the seedbed, and the
gardens.

Activity 1: diagnosis of the state of the existing infrastructure.

Description: make a technical diagnosis of the current state of the infrastructure linked
to the use of water resources, in order to determine their degree of obsolescence and
take the necessary measures, either a definite change of equipment or adequate
maintenance that guarantees their optimum operation.

Activity 2: supervision program for preventive and corrective control of leaks.

Description: controls that allow the identification of leaks in any equipment or
machinery present in the club's facilities, through a schedule of routes and
observations in the different areas.

Activity 3: implementation of consumption flow meters.

Description: implementation of independent flows meters for each area of the club, so
that it is possible to know the water consumption in a certain area.

Activity 4: continuous recording of water consumption.

Description: two independent formats will be completed to guarantee the monitoring
and control of the club's water consumption. On the one hand, an annual water
consumption format is proposed, which will be completed with the information
coming from the flow meters for each area. On the other hand, a format for monthly
recording of the volume of groundwater captured is suggested, in order to exercise a
precise control that guarantees the absolute fulfillment of the concession granted by
the environmental authority.

4.2. Use of alternative water sources

Objective: to reduce the use of groundwater for filling the lakes by implementing a
rainwater collection system.
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Activity 1: collection and utilization of rainwater.

Description: the necessary infrastructure must be implemented to collect rainwater,
taking advantage of the orography, so that pipelines are deployed to the lakes, to
replenish losses from evaporation.

4.3. Effective watering

Objective: to optimize the irrigation process in order to reduce the total water
consumption.

Activity 1: identification of the water requirements of the irrigation zones.

Description: it is necessary to divide the different areas into independent irrigation
zones, taking into account the type of vegetation present in the area, since the turf
areas require more water, compared to shrubs and trees. Irrigation zones will be
determined in a plan based on the different water requirements, as shown in Table 10.

Table 10: Distribution of areas according to water requirements (Source: Authors)

AREA DESCRIPTION WATER REQUIREMENT
Tee Pit area prepared to play the first| High, since artificial turf is not
shot. used.
Calles or Avreas of travel in play between | Under, the lawn is mowed flush.
fairway the tee and the green.
Green Area where the hole is physically Very high, due to the high
located. periodicity in the harvest and the
varieties of grasses used.
Rough Area where the grass is mowed Very low.

higher than the street. Adjacent
to tee, green, or street.

Outrough Areas and Paths that are Very low.
immediately adjacent to the grass
areas.
Obstacles The bunkers are depressions in Very low.

(bunker and the terrain covered with sand.
water obstacles)

Activity 2: installation of automatic programmers.

Description: automatic programmers must be installed to carry out the irrigation
procedure in established periods of time (between 5:00 a.m. and 10:00 a.m.) since
evaporation due to wind and sun tends to be less during this time. It is suggested that a
centralized control system be implemented for the irrigation of the golf course,
facilitating not only the saving of water, but permanent access to updated information.
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In conjunction with the implementation of automatic irrigation, it is necessary to take
the following measures:

e Use low volume irrigation systems in gardens such as bubblers, micro
sprinklers, and drip.

e Use pressure-regulating devices and pumps to provide optimal pressure to the
irrigation device. It is important to specify that every 5 psi of pressure
reduction represent a reduction of 6% to 8% of water.

4.4 Awareness, communication, and education program

Obijective: to sensitize the community (users, customers, and employees) to adopt
habits and practices that allow the reduction of water consumption.

Activity 1: awareness for users.

Description: a program aimed at clients will be prepared, which will include an annual
schedule of awareness activities, guaranteeing the development of at least one activity
every two months. All actions will be executed at the start of the golf tournaments
scheduled during weekends. This indicator is to ensure that the activities initially
planned in the awareness program are executed according to the established schedule.

Activity 2: training for employees.

Description: a training program will be designed and implemented according to the
themes related to the strategies for saving and efficient use of water resources adopted
by the club, in order to have the participation and support of all employees, who
represent approximately 31% of the total population present monthly at the facilities.
This indicator is to ensure that the training initially planned in the training program is
executed according to the schedule established.
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Table 11: Indicators by activity and program.

Program | Activity Indicator Equation Units Measurement
frequency
4.1 1 Percentage of | I=(10/1T)*100 % Monthly
obsolete 10: Quantity of
infrastructure. | equipment/obsolete
machinery.
IT: Quantity of
equipment/machinery
linked to the use of water
resources.
2 Percentage of | F=(FC/FE)*100 % Monthly
controlled FC: Number of corrected
leaks. leaks per month.
FE: Number of leaks found
per month.
3 Coverage of CO=(AM/ TA)*100 % Biannual
consumption AM: Number of areas with
flow meters. meter in good condition.
TA: Total areas.
4 Specificwater | C=CT/A m3of | Annual
consumption. | CT: Total annual water/m
consumption. 2
A: Total area of the club.
Decrease in VC = VC month,; - VC m? Monthly
the volume of | month.
groundwater VC VC month,: Volume
collected. captured in month n of the
current year.
VC month,.1: Volume
captured in month n of the
previous year.
4.2 1 Percentage of | F=(VL/VS)*100 % Monthly
use of VL: Volume of rainwater
alternative consumed.
water sources. | VS: Total volume of water
consumed.
4.3 1 Water RH= (VS /VT)*100 % Monthly
requirement. VS: Volume of water used
in the irrigation of the
independent area.
VT: Total volume of water
used in irrigation.
2 Automation. AT =% percentage of % Annual
automated irrigation process
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4.4 1 Percentage of | A= (AE/AP)*100 % Monthly
activities AE: Number of activities
executed. executed.
AP: Number of planned
activities.
2 Percentage of | C=(CE/CP)* 100 % Monthly
training CE: Number of training
executed. executed.
CP: Number of training
planned.

4. CONCLUSIONS

Golf is a sport that requires a high volume of water for its development and
maintenance, so it is necessary that the plans for its the execution integrate measures
that promote the use and saving of water resources, in order to generate the least
possible impact on the ecosystems involved in this activity. From the diagnosis of
uses and consumption of water resources in the golf club, it was possible to establish
that for said recreational installation, the highest water consumption occurs as a
consequence of locative maintenance, and not from the flow of both fixed and floating
personnel. Additionally, among the most representative uses are the irrigation of the
golf course, the filling of two artificial lakes, and the irrigation of other such areas and
the seedbed, which constitute 99% of the club's total water consumption.

Likewise, the diagnosis of uses and consumption made it possible to show that the
source of water with the greatest environmental impact is a well from which
groundwater is extracted, and whose concession is in the process of being updated.
However, the club does not have the necessary infrastructure to calculate the captured
flow, confirming that it corresponds to what is granted by the corresponding
environmental authority.
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