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SECTION THREE

SUPPORTING SERVICES

3.1 Introduction

The supporting services for the intended Chrysalis project will relate specifically to the water
resources, wastewater and solid waste management and energy generation. It is anticipated that
these supporting services will form an integral component of the overall construction and
operation phases of the development. These components will be required to operate efficiently
and effectively, especially considering the project setting and location. In order to properly
address the supporting services, it is important to analyze the different setting components within
the conceptual design of the project. Collectively, it is essential that the supporting services work
in concert with each other in order to sustain and promote the development in a sustainable
manner. With this in mind, the following sections will discuss more in detail the different
support services that will be utilized by the development.

3.2 Water Resources Management

Water resources are an important component and planning tool that the developer must consider
before embarking on a project. This is a limiting factor and in this case especially important
considering the remote location of the project where potable water is a premium commodity. In
considering the proposed undertaking,the developer must identify the various available and
potential sources and explore the possibility and feasibility of employing such option without
any major financial, economic and environmental constraints. This is vital as it also depends on
the population that will be supported considering the circumstances. Thus in considering these
factors, the project developer plans to explore various options that will meet and exceed the
projected potable water demand.

3.2.1 Occupancy

The general occupancy for the project was based on the different residential components as
described in Table 1.2. Based on this table, the maximum daily number of persons that can be
accommodated at the resort in any given moment at full occupancy (100 % capacity) is 70
persons (24 guests and 46 workers). This number does not include transient visitors as the project
will not cater to these individuals except in emergency situations.

The standard hotel occupancy rate as per the Belize Tourism Industry (BTB) would be about
40% or 10.4 guests and 20 staff members. For the purpose of the environmental engineering
calculations, the occupancy rate of 100 % was taken into consideration for assessing the water
demand of the project.

In reality, it is assumed that the number of projected residents, guests and staff will be far less
than envisioned simply because of the nature of the development and the population dynamics of
the area. In addition, the developer can vary the number of bedrooms as per the �Unit
Description� thereby reducing the occupancy rate. These elements will impact the project from a
financial point of view and will ultimately dictate the stability and investment returns for the
project. In any event, it is expected that the population at any given moment for the proposed
project will be about 70% to 85% of the theoretical capacity slated in Table 1.2.
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3.2.2 Potable Water Demand

The water demand for the proposed project will be calculated based on the number of units,
projected maximum daily occupancy (See Table 1.2) and the rated water consumption per person
per day factor, which would be at 100 gallons/person/day (Tchbanoglous, G. 1992). This
approach is important, especially considering the sourcing of the potable water and the
distribution method that will be employed. It is anticipated that the water demand for the
proposed project will include water for kitchen, sanitary use, bathing and rinsing, irrigation and
other uses. It is envisioned that water used for drinking and food preparation will be purchased
from a local bottling company.

Presently, there is a lot of ambiguity as to the consumption rate of water per capita for hotels and
hospitality facilities. These values range from the 45 gallons per day ratio for average to 300
gallons a day for luxury establishments. For the basis of our calculations and as per discussion
with the competent authorities and cited literature of the Caribbean, the following projected
water demand was based on the 100 gallon/person/day factor for guests/residents and 75
gallons/person/day for the staff (Tchbanoglous, G and Burton, F.L. 1992).

Table 3.1 Projected Water Demand for the Proposed Chrysalis Development

Water Demand

Type Accommodations # of Units Occupancy
Units
(GPD)

Total Volume
(GPD)

A Type 1 Villas 3 6 100 600
B Type 2 Villas 2 8 100 800
C Overwater Villas 2 4 100 400
D Owner's Residence 1 6 100 600
E Staff Housing (1) 2 4 75 300
F Staff Housing (2) 1 6 75 450
G Staff Housing (3) 9 36 75 2,700

Total 20 70 5,850

As can be deducted from the above table, the projected daily �Total Volume� required by the
project is about 5,850 gallon/day (Gal/Day). This demand has been calculated based on the
projected occupancy rate of the proposed resort and is inclusive of the laundry services. In
considering the recreational spas and other services that will be maybe added, an additional 10%
of the water demand will be required to indirectly to sustain the project. Therefore at full
capacity and occupancy, the proposed project will require about 6,435 gallons/day.

It is anticipated that the �Total Volume� or potable water demand will be far less than is
projected. This is simply because it is rare that the project may meet 100% occupancy.
Furthermore, the fluctuation of the occupancy rate (low and high tourism season), the age group
of the guests (middle aged persons consume more water than children and the elderly) and
amenities use are all factors that indicate the potable demand of a project.

3.2.3 Water Management

In the realm of water management, several important factors must be considered. As mentioned
previously, the project location will play an important factor in determining the potable water
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source for the proposed development. With this in mind the following sections summarize the
proposed water sources as well as its distribution and treatment.

3.2.3.1 Source Supply Description

Since the proposed development is remotely located in the South Water Caye Marine Reserve,
the project will be faced with finding and supplying its own water source capable of meeting and
possibly exceeding the daily demand at full occupancy. Based on this challenge the proposed
development has opted to traditional means of obtaining water and making it potable for human
use.

Once in operation, the proposed project will require a steady stream of potable water supply to
keep the resort in operation. The total potable water demand for the project will be about 6,435
gallons a day (110%) at full development and operation. This volume will be the initial capital
water supply requirement for the project and this volume is expected to be reduced by the use of
secondary sources. Among the sources analyzed was rainwater harvesting, water desalinization
and possible transportation of potable water from the peninsula (See Section 4.4.1).

Another source considered as a secondary source is the potential of recycling the treated post
chlorinated water for irrigation and flushing of toilets. This potential source will eventually be
used to reduce the overall potable water demand (See Table 3.6). All these sources and its
combination are important in the decision making process.  On a whole, these combined sources
will be adequate to address water demands of the project. This does not include potable water for
direct human consumption. In this case, the developer will provide a steadily supply of bottled
�purified� water for drinking and cooking purposes to the development as reiterated previously.

With this in mind, and considering the aforementioned potential sources coupled with the
project�s location, the primary source of potable water for the operation will be obtained from the
seasonal rains via rain water harvesting. Since the project will consist primarily of guest villas,
an owner�s residence, several staff houses and other buildings, rain water sequestered from
individual roofs will be stored under buildings in cisterns designed as integral structural elements
of the foundation structure. A small in-line filtration and disinfection system will be installed on
each building to treat the water prior to being sent to the unit. In terms of the secondary source,
the proposed undertaking intends to install a 10,000 gallons a day water desalinization plant to
supplement the primary source during construction and operation.

Construction Demand: It is difficult to ascertain the volume of water required for construction
purposes. Moreover, the daily demand required for the construction workers may vary depending
on the work load or construction schedule as well as the size of the project. Nevertheless, it is
expected that this demand will be high during peak construction and will gradually decrease in
towards the end of the construction cycle. Thus, the project will obtain their water from the
installation and operation of the small water desalinization plant. Other options such as barging
of potable water from the peninsula will be considered.

3.2.3.2 Water Treatment Methods

As mentioned previously, the proposed Chrysalis project will have rain water as its primary
source of water that will be supplemented by water desalinization and some wastewater
recycling. The following treatment methods will be applied for the water resources that will be
utilized and these include:
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1. Rainwater Harvesting

2. Water Desalinization

3. Recycling of the treated wastewater

Rainwater Harvesting

Rain water will be collected and treated prior to consumption. Water treatment techniques for
rainwater catchments systems will include:

� Screening: Strainers and leaf screens located in the gutters and downspouts will be used
to prevent debris, like leaves, from entering the reservoir tank.

� Settling. Sedimentation within the tank is necessary to settle out any particulate matter
and solids.

� Filtering. In-line multi-cartridge systems with activated charcoal will be used to remove
potential contaminants either at the pump tank, waterline or tap.

� Disinfecting. The use of ultraviolet light, and/or ozonation will be used to kill
microorganisms. Chemical treatment (chlorine, iodine) can also be considered.

Desalinization Plant

As discussed previously, the planned Chrysalis project intends to install and operate a 10,000
gallon a day water desalinization plant to will supply potable water to the development and its
associated amenities. This plant will be located within the Utility Zone of the project and will
generate potable water by Reverse Osmosis (R.O.) via an abstraction well (See Fig. 3.1).
Similarly, the brine waste, produced as a result of the water desalinization process, will be
disposed via an injection well (See Fig. 3.2). Both wells will also be located within the Utility
Zone.

The R.O. plant will consist of a set of membrane filters that will require regular cleaning and
maintenance. Likewise, the plant will come with an inbuilt water purification process that will
treat the potable water. The quality of the R.O. generated water will be higher or purer than that
of the primary source of water. The generated water will be sent to a 12,000 gallon reservoir tank
for storage and distribution.

Recycling of Treated Wastewater

The proposed Chrysalis project also intends to recycle its treated and post chlorinated water that
is produced as a result of the wastewater treatment process. It is important to note that this water
is of good quality and quite useable for recycling which in this case will be for the flushing of
toilets and irrigation only. Based on the projected maximum occupancy for the proposed
development and the wastewater volumes, the estimated volume of water required for the
flushing of the toilets would be around 774 gallons a day. The recycled wastewater will be
chlorinated by a chlorination system prior to being stored (See Fig. 3.3). The excess water
generated by the treatment plant will be used for irrigation purposes, fire fighting requirements
and other non potable uses. The rest of treated wastewater will be injected along with the brine.
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Fig. 3.1 Cross Section of a Typical Abstraction Well
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Fig. 3.2 Cross Section of a Typical Deep Injection Well
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Fig 3.3 Schematic Dosing System for Treated Wastewater

3.2.3.3 Water Storage and Distribution

Rainwater Harvesting

As described in Section 2.1.1.1, Belize generally experiences a wet and dry season. The average
rainfall throughout the country of Belize may vary significantly with geographical area and time.
Since the project is located southeast of Dangriga Town, the rainfall isopleths best describing the
project site would be around 20 inches of rainfall per year (See Fig. 2.1). Therefore the rainfall
volume collected and storage capacity by each building considering the average rainfall was
calculated using the following formula:

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

: Factor of 90 % was considered due to wind activity, evaporation, structural beams and columns.
Therefore the rainfall collected and the storage capacity is described in the following table.

Table 3.2 Rainfall Storage Capacity for the buildings at Chrysalis

Building Area (ft2) Rainfall(ft) factor Conv (gls/ft³) Gallons
Villas 12,365
Service 6,331
Staff housing 12,137

Total 30,833 1.65 0.9 7.48 342,487

Considering the different building designs and layout, the total volume of rain water stored by
these buildings would be over 342,487 gallons as described in Table 3.2. This volume, however
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without water conservation measures, would last for about two months at 100 % capacity if not
replenished by subsequent rainfalls or secondary sources.

Each building will have its own rain water cistern along with all the necessary equipment needed
to supply the project with water. The roof of the buildings will harvest the water which will be
conveyed to the foundation via gutters and pipes. Standard roofing materials (corrugated zinc,
shingles, etc.) will be used to facilitate this process. Once collected, the stored rain water will be
distributed to the particular building as needed by a system of water transmission lines and
pumps. A small in-line filtration and disinfection system will be installed on each building to
treat and disinfect the water prior to being sent into the residential unit. The filters and UV
component will be regularly serviced and maintained by the staff and will vary according to the
flow rate of the volume of water being stored.

Water Desalinization

In regards to the overwater villas, potable water will be supplied directly from the activation of
the water desalinization plant through the R.O. system (See �Water Supply Schematic� in Fig.
3.4). The desalted water will be stored in a 12,000 gallons tank reservoir and distributed to the
overwater units. Water transmission lines will be laid underneath the piers to service each cabaña
unit. The reservoirs will be either from polyethylene or ferro-concrete.

Distribution

The distribution of the primary source of water has already been discussed. The water will be
distributed to the building via a water transmission line that will run from the building�s reservoir
to the building�s internal water network. Similarly, the treated and post chlorinated water,
generated by the wastewater treatment process, will be distributed to the different units via a
special and dedicated color coded water transmission line. This water will be used for the
flushing of toilets only. Likewise, a water transmission line will be used to distribute the desalted
water to each unit and overwater villas. At each unit, the connection will be made just before the
in-line filtration system and the water can either be used directly or used to replenish the
reservoir�s water. In each of the different distribution line, a pumping mechanism will be used to
transport and distribute the water for its intended use. Likewise, all the piping will be laid
underneath the walkway networks.

3.2.4 Water Minimization Strategies

Water conservation measures are always an important factor in water resources management.
This measure is also important in considering the primary water source and the location of the
project site. Therefore, the proposed project will develop and incorporate strict water
conservation policies aimed at utilizing the water in a sustainable manner. This approach will
also entail the education of both the staff and guests on the importance of water conservation.
This is especially important since the harvesting of water comes as a premium commodity.

Other measures that will be implemented include the use of engineering controls aimed at
reducing the water consumption, minimize water loss and reduce energy consumption. These
include the use of flow reduction devices, low flush toilets, prevention of dead ends, limiting
joints (elbows, sleeves etc.) and minimizing water loss leaks and wanton disregard, among
others. It is therefore important that the proposed project develop and implement the strategies in
order to protect this premium commodity and to safeguard the sources from potential wanton
disregard as previously discussed.
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Fig. 3.4 Schematic Representation of the Potable Water System


