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CHAPTER 5

WATER RESOURCES

5.1 Overview

Water resources are an important element for sustaining life and for this instance, the growing
tourism industry of Belize. Presently the island of Caye Caulker has a rudimentary water system
that supplies potable water to the community. This system is far short from supporting any
development outside of what the system was designed to provide. In view of this, the project
proponent will list the possible water sources and its desired option in terms of the general
occupancy and its water demand.

5.2 Projected Occupancy

The projected occupancy rate for the proposed Pelican Point Marina and Yacht Club was based
on the different infrastructures and ancillaries that the project proponent plans to develop. This
rate, which is usually based on full occupancy or 100 %, is used to represent the maximum daily
number of people that can possibly be accommodated within the project at full development.
This also includes the transient population that would visit the resort and especially the marina to
utilize the various amenities and services. Table 5.1 describes the estimated number of persons in
relation to the different infrastructures and ancillary services.

Table 5.1 Projected Maximum Occupancy Rate

Type Description Prototype # of Units Occupancy

A Ocean Front Condos Type I 2 bedroom 24 96

B Ocean Front Condos Type II 1 bedroom 24 48

C Cabanas Type I 2 bedroom 45 180

D Cabanas Type II 1 bedroom 28 56

E Marina >50 feet 64 384

F Employee Workers 1 30

G Transient Visitors Guests 1 100

Totals 894

As from the table above, it is anticipated that the proposed project would have a maximum
occupancy rate of 894 souls. Of this amount it is anticipated that at full development 380 persons
will be residents/guests, 384 persons from the large marina, 30 workers (4 % of resident/guests)
and 100 transient visitors (local populations, boaters and visiting foreigners not associated with
the development). This proposed maximum occupancy rate is far larger than the projected Belize
Tourism Industry occupancy rate of 40 % or 306 residents/guests. To predict the water demand
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required for construction and operation of the project, the maximum occupancy rate of 100 %
was used for the environmental engineering calculations.

5.3 Proposed Water Source

As stated earlier in the overview, the proposed project will be located in southwestern portion of
Caye Caulker. This project site is just northwest of the air strip runway and is located some 3
miles from the Caye Caulker community and therefore within reach of the rudimentary water
system network. This network, however, is not sufficed to supply the community�s present
potable water demand including the varied dry summer months.

With this in mind, the project proponent will rely on finding its own source of potable water to
cater for both the project�s construction and operation phases. Considerations will be given for
the provision of future connection to the upgraded rudimentary water system network or its
alternative.

5.4 Proposed Project Water Demand

Once in operation, the proposed project will require a steady stream of water supply to keep the
marina and yacht club in operation. In all, the proposed project will require 40,600 gallons of
potable water a day in order to satisfy its demand. This of course represents a 100 % occupancy
rate. This water demand volume however, is expected to be less once the wastewater is recycled.
Table 5.2 describes the projected water demand required by the project.

Table 5.2 Project Water Demand for Pelican Point Marina and Yacht Club

Water Demand

Unit Maximum Units Total VolumeType
Description Occupancy  (gal/day) (gal/day)

A Ocean Front Condos Type I 96 50 4,800

B Ocean Front Condos Type II 48 50 2,400

C Cabanas Type I 180 50 9,000

D Cabanas Type II 56 50 2,800

E Marina 384 50 19,200

F Employee 30 30 900

G Transient Visitors 100 15 1,500

Total Demand 894 295 40,600

As can be seen from the table above, the project will require about 40,600 gallons of potable
water a day for operation which represents 100 % occupancy rate or 16,240 gallons a day at the
projected BTB occupancy rate of 40%. This demand will be met by different water sources as
described further in the chapter.
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5.5 Water Source Selection

In selecting the preferred water source for the desired project, a number of potential water
sources were analyzed and evaluated in order to meet the project�s  water demand. These sources
were by no means options but possible combinations of the sources that would suffice the
projected water demand. This would eliminate the dependency of a single water source during
emergency situations. Table 5.3 summarizes the various sources evaluated for the proposed
marina and yacht club.

Table 5.3 Summary of Water Sources

OPTION SOURCE COMPONENTS TYPE OF
TREATMENT

COMMENTS

GROUND WATER Wells Pumps, storage

tanks, transmission

lines

Chlorination,
Ozonation,
U.V., Water
Softeners

There are no
known fresh water
aquifers in the
area. Wells
surveyed in the
area consists of
brackish water.

RAIN WATER
HARVESTING

Seasonal
rains

Collection (roofs),
Storage tanks,
water transmission
lines, gutters

Chlorination,
Ozonation, UV

Excellent water
source, easy to
treat, water
cisterns can be
constructed as part
of the building
foundation,

WATER
DESALINIZATION

Wells, Pumps, power line,
treatment plant,
water transmission
line, storage tank

Reverse
Osmosis,
Coagulation,
sedimentation,
filtration, UV
chlorination,

Expensive and
complicated to
operate, but highly
dependable and
reliable, good for
dry season.

WATER
RECYCLING

BESST
Wastewate
r treatment
or
equivalent

Storage tanks,
water transmission
lines, dosing tanks

Chlorination,
UV

Supplementary
option exclusively
used for restroom
and Bathroom
flushing.

Caye Caulker Water
Distribution System

Belize
Water
Services

Transmission
Mains

None Excellent source
but transmission
line does not
presently extend to
project site. Poss.
Future source
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From the above summary information, the proposed development will be sourcing their potable
water by rain water harvesting supplemented by a small water desalinization plant and
wastewater recycling. Water for human consumption will be provided by the water
desalinization and by the purchasing of bottled water from a local supplier.

5.6 Water Source Description

As can be seen from Table 5.2, the water demand for the project will be about 40,600 gallons a
day at full development and operation. This volume will be the initial water demand for the
project and will be supplemented by both water desalinization and wastewater recycling. These
sources are by no means limited but can be complemented by other sources as the community
develops or as new technologies arise.

5.6.1 Main Source Description � Rain Water Harvesting

The project proponent intends to harvest rain water to meet the majority of the projected water
demand for the project. Since the project will consist primarily of ocean front condo units,
cabañas and other buildings such as restaurants and administrative centers, rain water
sequestered from individual roofs will be stored under buildings in cisterns designed as integral
structural components of the foundation structure. Each building will have its own rain water
cistern along with all the necessary piping and equipment needed to supply the building with rain
water.

The roof of the buildings will harvest the water where it will be conveyed to the foundation via
gutters and pipes. Considering the different building designs and layout, the total volume of rain
water stored by these buildings would be over 2,214,491 gallons as described in Table 5.4. It is
estimated that 130 units will be constructed on the 5 acre property. This would represent 100 %
of the units being used for rain water harvesting.

Each building will have an inline cartridge filtering system designed so as to make the water
potable for human consumption and other uses. These filters can vary according to the volume of
water being stored and will also require maintenance over time.

5.6.1.1 Average Rainfall

Belize generally experiences two predominant seasons which are classified as the wet and dry
seasons. Due to climatological phenomenon presently occurring throughout the world, these two
seasons are not clearly define, and may extend or shorten their periods.

The dry season, with strong southeasterly winds, runs from January/February to May/June. The
rest of the year has interludes of rain, with easterly but variable winds, and often a drier period in
August. September, October and November are usually the months with most rainfall. However,
there are wide variations between years as mentioned before. Nevertheless, the average rainfall
throughout the country of Belize may vary significantly with geographical area and time. With
this in mind, the annual rainfall can range from 40 inches in the north to 160 inches in the south.
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At the proposed project site, anticipated average is considered to be 60 inches (1,524 mm) per
year as illustrated in Figure 5.1.

Fig.5.1 Isopleth Map of Belize Showing Rainfall
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Table 5.4 Rainfall Reservoir Capacity for PPMYC

Number of
Buildings

Unit Area of
Buildings (ft)

Total Area of
Buildings (ft)

Estimated Storage
(gallons)

*Rainfall Volume
Collected
(Gallons)

12 1,430 17,160 481,338 433,204
12 950 11,400 319,770 287,793
22 1,380 30,360 851,598 766,438
14 950 13,300 373,065 335,759
1 8,000 8,000 224,400 201,960
1 2,000 2,000 56,100 50,490
1 2,500 2,500 70,125 63,113
1 3,000 3,000 84,150 75,735

64 20,210 87,720 2460,546 2,214,491
* 90 % of the average rainfall collected was use to calculate the final volume stored

Since the project site is located north of Belize City, the rain fall isopleths best describing the
project site would be around the range of 40-60 inches of rainfall per year as illustrated in Figure
5.1. Therefore the rainfall volume collected by each building considering the average rainfall
was calculated using the following formula:

VF = Total Rainfall (inches) x building surface area x factor x 7.48 gals/ft3

A factor of 90 % was considered due to wind activity, evaporation, structural beams and
columns. Therefore the volume of harvested water that could be stored on site is in excess of
2,214,491 gallons.

5.6.1.2 Rain Water Treatment Methods

As previously mentioned the rain water will be sequestered from the roofs of buildings and
stored in the foundation. Prior to being used, the rain water will be treated by various domestic
methods namely:

� Screening: Leaf screens and mesh strainers located in the gutters and downspouts will be
used prevent the debris, like leaves and twigs, from entering the reservoir tank.

� Settling: The sedimentation process within the tank is necessary to settle out any potential
particulate matter and solids that were not screened.

� Filtering: An in-line multi cartridge filtering system will be used to remove potential
contaminants before being used.

� Disinfection: There are several options that can be used in conjunction with the filtering
system. Ultra violet light (UV) and ozonation are the most common types. Chemical
treatment can also be used in the form of chlorine tablets and can be used to kill
pathogenic microorganisms in the stored water.
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Fig. 5.2 Water Supply Schematic Plan
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5.6.2 Secondary Source Description �  Water Desalinization

It is anticipated that the developer will install a Water Desalinization Plant (Reverse Osmosis)
capable of processing between 5,000 to 10,000 gallons a day of potable water that will be used to
supplement the rain water harvesting. This water desalinization plant will primarily be used to
supply potable water to the marinas and to supplement the rain water harvesting during the dry
season.

The water desalinization plant will get its water from one of two abstraction wells that will be
perforated in the utility zone of the project site. Figure 5.3a illustrates a typical cross section of a
water desalinization abstraction well. The other abstraction well will be used as a stand-by well
only.

The desalinization plant will consist of a set of membrane filters that require regular cleaning.
The potable water produced by the process will be sent to a 12,000 gallon tank where it is
expected to be piped via water transmission lines primarily to the marina sections for the
servicing and maintenance of the boats. In default the desalted water would be piped to the
different condo units, cabañas, and buildings as required by the onsite maintenance manager.

The brine waste produced as a result of the desalinization process will be discharged into a deep
injection well that will also be dug in the Utility Zone. Figure 5.3b shows a typical cross section
of a deep injection well. The brine, which comprises of mostly salt precipitates (Na, Ca, and
Mg), would be safely contained in the well, where it would diffuse.

5.6.3 Tertiary Source Description �  Recycled Wastewater

The tertiary source of water for the project site will be provided by the recycling of the post
chlorinated or treated wastewater produced by the operation of the treatment plants. This will
only be feasible if wastewater is being produced by the project during operation. It is estimated
that 28,420 gallons of wastewater will be produced by the treatment plant of which 12,630
gallons can be used for the flushing of toilets at the project site.

This is considering a 100 % occupancy rate for the aforementioned project. Therefore the
volume of potable water required for the project by the different water sources would be around
27,970 gallons a day or 69 % of the initial demand.

The treated wastewater will be disinfected by a chlorination system as shown in Figure 5.4 prior
to being utilized for the flushing of toilets. The treated wastewater will be stored in a 15,000
gallon reservoir tank and piped to the different buildings via a special color coded water
transmission line. It is anticipated that the recycled wastewater will be continued to be used for
flushing only.

A portion of the treated wastewater will be used for landscaping activities, irrigation of lawns
and hedgerows), fire fighting purposes and other non-potable water uses. The remaining volume
of treated wastewater will be allowed to overflow from the tanks and injected into the brine well
used for the desalinization plant. No treated wastewater will be discharged into the sea.
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Fig. 5.3 a Typical Cross Section of a Water Desalinization Abstraction Well
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Fig. 5.3b. Typical Cross Section of a Water Desalinization Deep Injection Well


