


BEST PRACTICES 
for 
WATER & 
SANITATION SYSTEMS 

This document was prepared under the Red Sea Sustainable Tourism Initiative. 
which is part of the United Slates Agency for International Development 
(USAID1Egypt)'s Egyptian Environmental Policy Program (EEPP) implemented 
in cooperation with the Egyptian Tourism Development Authority (TDA). The 
Red Sea Sustainable Tourism Initiative pmject is implemented by PA Government 
Services Inc., a wholly-owned subsidiary of PA Consulting Group under the 
USAlD IQC # LAG-I-00-99-00019-00 Task Order 807. 

The content of lhis document is provided for the purpose of guidance only. It 
does not contain warranties of any kind, either express or implied, on accuracy. 
reliability, appropriateness for any purpose, or non-infringement. 

Comments and suggestions regarding this document are welcomed. Please 
bring any errors or omissions to the attention of the Tourism 
Development AuthorityIRed Sea Sustainable Tourism Initiative. 

21/23 Giza Street, 
Nile Tower. 7th Floor 
Giza, 

Egypt. 



Acknowledgements 

PA acknowledges the contribution of the following persons in the 
preparation of this document: 

Patricio Gonzalez Morel, author 
Dr. Mahmoud Abdel Azim, technical review 
Amy Doll, editor 
Tarek Rached, Graphic Design 
Ayman Mansour, formatting 
And 
lhab Shaalan, coordination and supervision 

From the Tourism Development Authority: 

Eng. Mohamed Ali 
General Manager of the Environment Department , RSSTl Project 
Manager 

Dr. Hisham Hafez 
Consultant to TDA 

Wael Barakat 
Planner. Planning Department 

Abeer Abdel Rahman 
Architect, Project Review Department 

Hossam El-Dln Anwar 
Planner. Project Review Department 



Foreword 

Responding to the increasing demand for leisure tourism on the Red Sea, 
the Tourism Development Authority, TDA, has put into effect plans to 
ensure that the Red Sea region is ready to receive thousands of tourists 
who wish to spend their vacations in a pristine environment. While the 
development strategy of the Red Sea region relies on the private sector, 
TDAplays a vital role in guiding developers to adopt the highest quality 
standards in  design, construction and opcrations. 

TDA recognizes that the Red Sea natural environment is the main asset 
upon which all tourism activities rely. Understanding that any dcvelopment 
or human activity may have negative impacts if not properly managed, 

i 
i TDA has developed regulations and legal requirements intended to prevent 

i degradation of thc natural environment. It is however TDA's policy when 
I 

dealing with developers to encourage rather than discourage, provide i incentives rather than penalize and guide rather than command. 

In view of this policy and the advisory role we play, TDA, with funding 
from the US Agency for International Development (USAID) introduced 
the "Best Practices for Tourism Center Development along the Red Sea 
Coast" for the first time in 1998. That document introduced the main 
concepts of Best Practices in environmental planning and design of 
tourism destinations. It touched upon many topics of environmental 
concern and introduced the framework for tourism development and 
environmental protection. 

Five years later, greater environmental awareness has emerged and more 
practitioners are seeking guidance. To fulfill these needs, TDA, through 
the Red Sea Sustainable Tourism Initiative (RSSTI), introduces the 

updated Best Practices Manuals. 
The new Best Practices Manuals are more comprehensive in addressin 
key issues of environmental concern in the Red Sea region such as: Soli 
Waste Management, Landscape Architecture, Landscape Planting, Wate 
& Sanitation, Energy Efficiency and Environmental Management fc 
Resorts. The documents contain practical examples and information t 
guide dcvclopcrs as well as practitioners in thc field of tourism devclopmer 
during thc dcvclopmcnt process of a tourism center or resort fron~ ttl 
planning phase to design, construction and operational phases. The Bct 
Practices Manuals are neither intended to he used as text hooks nor a 
a "How To" type of reference. Instead, they highlight for the develope 
and consultants, the main issues to be considered in each phase of th 
development. It is then left to the professionals in each field to select th 
design and the practice that is appropriate to their developmen1 purpose 

Finally, the TDA is committed to continually update the Best Practicc 
Manuals periodically according to the new nccds of developers and t 
cope with the latest innovations in the field of sustainable tourism. It 
hoped that by issuing and publishing these manuals, greater environment: 
awareness will be created encouraging all of us to protect the unique Re 
Sea environment. 

A 

Eng. Mohamed Magdy Kobaicy 
Chief Executive Off~cer 

Tourism Development Authority 
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About this Manual 

his manual was prepared by the Red Sea Sustainable 
Tourism Initiative (RSSTI) - a project under the 
Egyptian Environmental Policy Program (EEPP), 
funded by the US Agency for International Development 
(USAID) and implemented by the Egyptian Tourism 
Development Authority (TDA). PA Government 

Services is providing technical assistance to TDA under USAID IQC # 
LAG-1-00-9900019-00, Task Order #X07. The ovcrall objcctivc of RSSTI 
is to assist in devclopmcnt and dissemination ofenvironrncntally sound 
practices for the design, construction and operation of tourism centers 
and resorts along the Red Sea Coast. RSSTI's core work areas are: 

. Environmental Best Practices, . Environmental Impact Assessment (EIA), . Environmental Monitoring, . Land Use Management and Environmental Planning, and . Sustainable Tourism Awareness. 

Rest Practice.~fhr m~/<'r andSnnitntion is one in a series of best practice 
manuals produced by RSSTI that also includcs manuals on : 

. Landscape architecture, . Solid waste management, . Energy Management, and . Landscape planting 

Although this manual discusses a specialized subject, yet a simple technical 
language is used so that it is understandable by readers of different 
disciplines and backgrounds. It specifically targets investors as well as 
managers of Red Sea coastal resorts. It will provide them with guidelines 
to evaluate the water and sanitation practices in their resorts. The guidelines 

can be used as a basis for discussion with the consultants, contractors, 
equipment suppliers, and operation and maintenance staff to improve 
water efficiency and reduce both water demand and costs. 

The Best Practices for Water and Sanitation manual focuses on existing 
and future resorts on the Red Sea coast. It includes guidelines for improving 
the water efficiency of existing buildings through retrofits. It covers the 
issue of water-efficient equipment and their standards to ensure minimum 
water consumption and how this is cost effective. 

Design and selection of wastewater treatment systems as wcll as efficient 
operation requirements are also presented and assessed. 
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1- The Water and sanitation project requirements 

he wiltcr and sanitation sectors play an important role in the 
early stages of tourism development, constituting between 
15 20 percent of a projcct's total estimated cost. The 
possibility of installing such systcms will determine the very 

existence of'a project and may be the limiting factor for a project's success 
This guidckmk will list requirements and tlcfinc needs, allowing investment 
parties to tlctcrnlinc the optimum selection and ;~pplic;~tion of watcr and 
saniti~tion systems. lixpcricnces highlighting succcsscs and fi~ilurcs will 
be included to allow for opti~nizing proposed solutions. Principles of best 
practice for conscrvtction and pollution prevention will be considered. 
Ten years ago. the i<gyptian Ministry of Housing. lltilities. ant1 Urban 
Planning (MtilJUI') rclcascd the ligyptian 13uilding ('ode in a multi- 
volume publication. I lowcvcr. in the licld oftourism there is no specific 
codc that applies. and no cnSorccmcnt of any codc. V.arious codes arc 
applied virtually at tllc whin~ o f  tlcc investor, construction iniinngcr, or 
contractor. 

The ligyptian codc may bc ;~pplictl to watcr ;lnd s i ~ n i t i ~ t i ~ n  networks; 
howcvcr, tllcrc is no current code for tlcs;~lin;~tion plilnts or wiistcw;ltcr 
trci~ttncnt pli~nts of tllc size i~nd  sci~lc tlsetl in tourism pro,iccts. Wcll- 
i)r&ii~izciI, ~ ~ ~ ~ ~ I - I I I . ~ I I . I ~ c ~ ~ ,  , I I ~  ~ I I ~ C ~ I ' I I G L I  ~ I G V ~ ~ O ~ I I I I C I I ~  ~ I I U J C ~ I ~  III,IY ,11111ly 
cotlcs properly i~ntl solicit inspections. Minor prc!jccts, I~owcvcr, ;Ire less 
likely to citllcr solicit such inspection or to be the titrgct ol';ittcntion from 
the ovcrhc~rtlcnctl hurci~ucr;~cy. Ilnli~rtunatcly. in the case ol'wntcr ant1 
si~niti~tion systems, the mitjority 01' problcn~s i~risc tluring the stage of 
operations and tnaintcnancc. 

~ - ~- - -  ~ 2 
I - I:r;~rnework and rcquiremcnts l i ~ r  the planning and implelnmtation 
of water and sanitation hystcms ti~nourisln centers 
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2- Water needs of the project 

ne o f the  first steps in the design of a tourism property's 
watcr system is evaluating its required water supply capacity, 
that is, the maximum volume of water the property is expected 
to consume when operating at full occupancy. This cvaluation 

needs to be done with care because the property's required watcr supply 
capacity will affect many important elements in the planning and design 
of its water and sanitation installations, including the selection of the 
water source, the selection of the wastewater treatment option, and the 
detailed cngincering dcsign of the watcr supply and wastcwatcr collection 

I and treatment systems . 

Estimating the required water supply capacity is unfortunately not an 
easy process as there are. in ilddition to the number of rooms or the 
maximum nunlbcr of guests, three other kcy piaramaers that greatly affect 
the actual watcr consumption of a project: 

Slar rating or classification of the hotel. 
Nun~hcr ol'ct~~ployccs l~ousctl in the hotcl or in :~dj;tccnt stctll'qt~artcrs. and 
Irrigation necds of the property. 

hnpacl of star ri~ling on the properly's willcr consu~nption - 'To assist 
project designers. the TIM hils Jcvclopctl a list of proposed dcsign water 
consumption (1'1)WC') indices, which ciln be used to obtain a prcli~ninary 
cstirilatc of  a hotcl's reqnircd watcr sc~pply cilpilcity (sce 'I'ablc 2. I ) ,  

"l'hc project leu111 r l~ould  i11w1 tukc inlo ucc~ucc~ the ilr~pact o l ' t l~c  pn~pcrty's future 
cxp~cnsioll plans 011 its long-1er111 required wulcr supply cilpucily und wulcr und wnslc 
wulcr inliu~truc~ure. In sonle cures, i t  111ity he beneliciul lo hnse the design ot'ccrtnin 
elentents of' the wulcr  and wustcwulcr system o n  the lnrgcr expected ilows. 

- - 5 
- 
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- - 
2- Water needs of the project 

Table 2.1. TDA's proposed design water consumption for tourism hotels 

Figure 2. I The use of water-intensive vegetation, inefficient irrigation 
technology, and poor irrigation practices will greatly increase the 
property's irrigation requirements (e.g., manually irrigating turf grass 
during daytime hours) 

It is important to note that these indices account only for the domestic 
water needs of the hotel (i.e., the water consumed in guestrooms, front- 
of-house areas, back-of-house areas, pools and other guest facilities) and, 
therefore, exclude the fresh water needs of its gardens and of any on-site 
staff housing. In addition, these figures are intended to apply only to 
hotels that strive to use water efficiently -- for example, by installing 
water-saving plumbing fixtures throughout their facilities, providing 
adequate maintenance to their equipment and installations, and practicing 
other sound water conservation mcasurcs (scc chapters 2 and 3).  

Impact of on-site staff housing on water consumption -Any property that 
plans to house a significant number of employees on its premises must 
adjust its required water supply capacity to account for the water that 
will be consumed by the staff quarters. The proposed design water 
consumption for employees who are housed on-site is 0.30 m3/ 
employee.day2. 

Impact of irrigation on water consumption - Given Egypt's arid climate, 
irrigation can have a huge impact on the required water supply capacity 
of any property that does not have access to treated wastewater for 
irrigation or whose irrigation needs exceed the output of its wastewater 

-- ~ 

2Example -The required total water supply capacity of a 100-room, 5-star property 
which houses 75 employees on site is calculated as follows: 
Required water supply capacity of the hotel = 50 rooms x (1.0 m3lroom.day) 
Required water supply capacity of the staff quarters 

= 75 employees x (0.3 m3lemployee.day) 
Total rcquired water supply capacity = 50 m3lday + 22.5 m3lday 

= 72.5 m3/day (excluding irrigation needs 

6 
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3- Water conservation - equipment issues 

xpcricnce worldwide has amply dcmonstratcd that building 
water-efficient hotels makcs a lot of sense, and particularly 
so in areas where water is scarce or expensive. Water 
conscrvation can benefit a property in many ways. 

I) It reduces the utility bills if the watcr is purchased from a local watcr 
supplier, or thc opcrating cost ol'the rcvcrsc osmosis (RO)  desalination 
plant ifthc property produces its own water. 

2) It reduces wastewater management costs whether the property is 
connectcxl to a l t ~ a l  sewerage network or operates its own wastewater 
trcatmcnt and tlisposal system. 

3) It improves the pcrformancc ofthc wiistcwatcr trcatmcnt system and 
the quality of the treated cfllucnt and, therefore, reduces the potential 
health risks of treated wastewater irrigation. 

4) It  lowers energy consumption a d  costs by rcducing the operation of 
watcr and wastcwatcr pumps, and rcducing the volume of hot wtltcr 
consumed by the property's plumbing fixtures and equipment. 

5) It  cnhitnccs the long-tcnn sustilinnbility ofthc properly's water source. 

6) I t  improves guest satisfaclion, l i ~ r  cxumplc, by minimizing pressure 
Ilucttutions in the watcr clistribution systcm m d  ciirninating hot watcr 
shortages. 

'I'hc planning m d  design phases otYcr a unique opportunity to include 
imp~rtant water conscrvation fwturcs throughout thc pn)pcr(y, in particular 
in thc dcsign ofthc watcr prcssurimtion and supply systems, the selection 

I I  - (iuidelines for thc dcsign,constmcuon & Operat~on of Water syskw 
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Figure 3.1 Pressure reducing valve installed on a water supply line 

3- Water conservation - equipment Issues 
- 

of plumbing fixtures and appliances, the layout and cornposition of green 
areas, and thc design of the irrigation system. Although many water- 
efficient fixtures and features can be retrofitted in inefficient properties, 
the cost of a water conservation retrofit is always much greater than that 
of a well-designed initial installation. 
The main water conservation measures that should be considered during 
the planning and design phases of the project arc summarired b e l o ~ .  

Design the water pressurization and distribution system tu pt.ovtdc a 

reasonably low water pressure tliro~~ghout the property. Most hotels 
can operate normally with a water pressure of 2 to 4 bars 
(30 to 60 psi). 
Install pressure reducing valves in areas of the property that arc subjected 
to excessively high water pressure. 
Use a primary water metcr to monitor the property's total water 

consumption. 
Use sub-meters to monitor water consumption in high-use areas of the 
property, such as staff living quarters, large gucstroorn blocks, back- 
of-house facilities, swimming pools, and irrigation systems. 
Install isolation valves in key points of the water distribution system 
to facilitate the maintenance of the property's water supply lines and 
plumbing fixtures. 
Use effective low-flow showerheads, which consume less than 9.5 

literslminute, in all areas of the property. 
Install self-closing valves to control the operation of pool or beach 
showers and foot-wash taps. These valves have a spring-loaded 
mechanism that shuts off the flow a short time after the valve's lever, 
push-button or chain is released 

9 
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Total water consumption before retrofit= 18.5 m3lday Total water consumption afler retrofit= 8.9 m3iday 
- -~ ---- ~ 

Figure 3.3 water use profile of a guestroom block (14 rooms, 25 guests) 
before and after the water conservation retrofit 

"This data was collected over two consecutive days, during which the same 
25 guests occupied the same 14 rooms " 

3- Water conservation - equipment issues 

Case study - I 
I 

Impact of using water efficient plumbing fixtures and implementing 
simple water conservation measures in hotel guestrooms 

The figure below shows the daily water consumption curve of 
a guestroom block in a Red Sea coast hotel before and after the 
yucstrooms were given a watcr conservation retrofit. This water 
conservation retrofit consisted o f  

Installing flow restrictors in the existing inefficient hand-held 

showerheads to reduce their flow output to less than 9 literslminute; 
Replacing the existing inefficient faucet aerators with new aerators 
to reduce the maximum faucet output to less than 6 literslminute; 
Repairing toilet leaks; and 
Adjusting the water level in the toilet water tanks to the recommended 
height. 

The water conservation retrofit carried out in the 14 rooms of this 
guestroom block required only a total of two man-hours of labor and 
US$ 62 worth of materials (that is, onc US$ 3.50 aerator and one 
US$ 0.90 flow restrictor in each guestroom). In return, this retrofit 
reduced the guestrooms' water consumption by 52% or 384 liters per 
guest-night. Since this 150-room hotel had an average occupancy of 
68,900 guest-nightlyear and a water cost of US$ 2.92lm3, it was 
estimated that giving a similar water conservation retrofit to all 
guestrooms could have reduced water consumption by 26,400 m3lyear 
and saved US$ 77,000lyear. 

11 
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3- Water conservation - equlpmcnt issues 
-- - -- - 

Use faucets that produce a flow of 9.5 litcrslminute or less in work 
areas such as kitchens, bars, food outlets, laundry rooms, and linen 
rooms. 

Consider installing metering faucets in staff and public restrooms. 
Metering faucets arc equipped with a mechanism that either limits 
the duration o f  the flow or activates the flow only when the user's 
hand is under the Faucet. 
Consider installing pedal or knee valves to control the operation of 
frequently used kitchcn and bar faucets 

Considcr installing self-closing spray valves in kitchen pot sinks 
or in the dishwasher's prc-rinse station. 

Use water-saving toilcts that consume no more than 6 litcrslflush 
in all guest, stafl'i~nd public bathrooms. 

Use water-saving urinals that consume no Inore than 4 litcrslflush 
in staff and public bathrooms. Several manufacturers producc 
urinals that consume as little as 2 litcrsiflush 

Iinsurc that the water-ctlicicnt lixturcs selected for the project 

(wi~tcr-saving toilcts iind low-flow showcrhcads in particular) 
pe r fo rm CIS expec ted  i ~ n d  l ~ i ~ v c  a p roven  t r i~ck  record .  

lake wi~tcr-cii~cicncy into cons~dcrution when sclcctiny appliances 
such as Ii~iir~dry wi~shcrs i~nil dishwushcrs. 1:llicient appliatres have 
a higher inilia1 cost thiltr their standard-ellicicncv countcrnurts. but - 
this cost tlilfcrcncc is generally s ~ n a l l  co~nparcd to the water and 

Typical Costs of Water-eMcient Plumbing Fixtures i 
Low-flow showerheads: The cost typically ranges from US$ 10 to 30 1 
per gucstroom low-flow showcrhcads, and US$ 5 to 20 for tamper- 
proof low-flow showcrhcads suitable for public arclis (c.g., beach and 
pool showers) or staffchanging rooms. i 
Water-raving toilets : The cost of a basic 6-litcr/llush toilet typically 
ranges from US$ 100 to 200. More stylish models can cost more than 
US$ 400. however, the main diffcrcnce between the luxury and basic 
toilet models is aesthetics rather than performance. 

Faucet aerators: In the US, the cost ranges from US$ I to 2 for standard 1 
acretors. US$ 2 to 4 for tamper-proof acretors, and US$ 4 to I0 ibr dual- 
sprey acrators for ki~chen and bar faucets. 

Metering faucets: The cost of~nctcring faucets varies widely depending 
on type, brand, style. quality and features. In the IJS, the cost r;mges from 
US$ 300 to 400 for electronic mclcring li~uccts. ;~nd from LJS$ 7.5 lo 150 
tin rncchanical (spring-loaded) mulcring f;~uccts. 

Pedal valves : The cost of pcdr~l valves l i ~ r  kilchcn ;#lid bar faucets 
r;ingcs lion1 US$ 100 lo 500 

I:ipurc 3 4  An ucrutor cun hc used to lilnii 1:igurc 3.5 i)ui~l-spray iirrntor for 
II IC  I I ~ I I X ~ I I I ~ I ~ I  OUIPUI  of a lhucct 10 9.5 L ~ I C I I C I I  and bar ihucc~s 

I i  - (iuidelinrs for the design.cons~ruc~ion & Operation of Water systems 
12 



3- Water conservation - equipment issues 

Figurc 3.6 Mechanical  metering faucet Figure 3.7 Pedal valves installed under 
(Chicago Faucet. wwwchicagofarlcctcom) a kitchen sink 

(Pedal Valves Inc.,www.pedalvalvc.com) 

I 
energy savings achieved by the higher-efficiency appliances. 

1 Select ice making machines that are equipped with air-cooled rather 1 
than water-cooled condensers. Water-cooled ice making machines 

I consume 10 to 25 liters of water per kg of ice produced, or 1 
1 approximately 10 times more water than air-cooled machines. 

Consider using a sea water swimming pool. Given the weather ' 

conditions along thc Red Sea coast. swimming pool.; consumr a 

largc volun~c of fresh water to compensate for evapo~.ation losscs. 

Carefully consider the water needs of plants before they are widely I 

1 introduced into the gardens, and avoid or minimize the use of 1 
i species that are poorly suited to the local climatc (e.g., turf grass). 

I 
I ' 

Install an efficient irrigation system that can be easily controlled 
i 
1 to facilitate the irrigation of the grounds during the night and early i 
I morning hours when evaporation losscs arc low? 

I I I 
Properties that do not have access to treated wastewater should 

( ensure that their gardcns arc water-efficient and considcr collecting ; 
l and using their graywater for irrigation. 
I i 
1 Additional information on many of these water conservation measures ' 

can be found in Chapter 5 of TDA's "Environmental Management 1 
Guidelines for Coastal Hotels and Resorts - Volume I". , 

Figure 3.8 and 3.9 Drip irrigation systems commonly used in Red Sea hotels 
- 

The impact of proper plant selection, irrigation tcchnology, and irrigation practices 
on the amount of inigation water consumed by Red Sea hotels is discussed in greater 
detail in chapter 12 of this document 
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4- Water conservation - operational issues 

s discussed in the preceding chapter, the proper design of 
the water supply system, layout and composition of the 
landscaped areas, and selection of plumbing fixtures. 
cquipment and irrigation technology can greatly reduce a 

property's water needs. llowever, these water-efficient features can be 
effective in the long run only if they arc properly operated and maintained. 
As such, the property should give as much attention to operational and 
maintcnance issues as to the technical details of its water conservation 
fcaturcs. 

The principal operational and maintenance issues that should be 
implemented by the property are summarized below. I t  is important to 
note that many of  these issues should be addressed during the design 
phase ofthe project and arc not, as is oRcn assumed, the sole responsibility 
of the hotel's operator. 

C)evisc an cffcctive prcvcntativc rn;rintcnancc program for the propcrty's 
water supply systcm, plumbing fixtures, and water-using equipment. 
The design team and the equipment sc~pplicrs should provide most of 
the inform;rtion that is nccdcd to dcvclop this program and draft the 
prcvcntativc rn;lintcnance ~i~unual  

Kctlucc the property's li~turc maintcnunce loud by taking into account 
maintenance concerns in the detailed design of thc watcr system. The 
sclcction. co~iligurution and layout of the cyuipmcnt and installations 
should be done in a way to ~nini~nizc maintenance needs and Facilitate 
the cxpcctcd maiatcnance operations. 

- 
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Impact of Poor Maintenance on Water Consumption In 

n Red Sea Hotel 

I It  is well known that the lack of an elrectivc mi~intenance program afi'ects 1 
I the watcr and energy elliciency of hotels, but many hoteliers (:dil to realize ( 

the magnitude of the impact it can actually have on their utility consumption 

I and costs. Unfortunately, the potential impact can be enormous. 
! 

The tigure below shows the distribution of water consumption at a 150- 
room, 5-star hotel located on the Red Sea coast. This propcrty had an 
cxcellcnt preventative maintenance program for its guestrwms and public 
areas, but largely ovcrlookcd the maintenance needs of the back-of-house 
areas and, in parlicular, of the staff quarters. which were plagued with 
leaks and malfunctioning plumbing fixtures. As a result, the staff quarters 
ended up consuming three limes more water than the 150 guestrooms. 
the two main kitchens. and all front-of-house areas. The volume of watcr 
consumed by thc mcdcsl slan'bi~lhrooms amountcd to 24,800 m3Iycar 
;~nd cost the hotel lJS6 47,000iycar. 

IJigurc 4.1 i)islrihutiun of water consumption 
at a l5O-r~~om, $-star Red Sea hotel 



Effect of a Towel Reuse Program on Laundry Operations 

The impact of implementing an effective towel reuse program in a 
"typical" 150-room hotel is as follows: 

reduction in amount of laundry processed - 49,500 kglyear 

reduction ill number of washer and dryer loads - 3.960 full loads!year 
in a 25-kg washer and 25-kg dryer 

reduction in water use = 1,040 m3lyear 

reduction in electricity use = 15,900 kwhlyear 

reduction in detergent use - 370 kgiyear 
I 

I reducliur~ in bleach use = 140 kgiyear 
I 

In addition, the adoption of a towel reuse program increases the service 
I life of the laundry's washers and dryers, reduces the maintenance 
I requirement of the laund~y's equipment, minimizes the wear and tear on 
! 

the towels, and reduces the labor requirements in the laundry. 
i 
( Note : The savings shown above are based on the following assumptions: 

the hotel has a 60% average occupancy rate; there are on average 2 guests 
per occupied room; the towel reuse program reduces the total weight of 
towels processed by the laundry by 40%; and the laundry is equipped 
with an electric water heater and dryer ! 

Devise a water monitoring program to track the property's water 
consumption and detect leaks. 

Draft standard operating procedures (SOPs) for all activities that have 

or can potentially have a large impact on the property's water 
consumption. Examples of such activities include: 
- Operation and supervision of the water supply and pressurization 

system, 
- Operation of thc irrigation system, 
- Pool maintenance (e.g., backwashing of sand tilters), 

- Upkeep of decorative fountains, and 
- Operation of laundry washers and kitchen dishwashers. 

The design team and equipment suppliers should provide most of the 
information that is needed to draft these SOPs. 

Adopt strategies to reduce the volume of dirty laundry that must be 

processed by the property. Laundry operations typically account for 10 
to 20% of indoor water use and thus have a large impact on the property's 
water efficiency. 

- Put in place a towel reuse program to invite the guests to use their 

bath towels for more than a day. Ensure that the guest bathrooms 
are equipped with racks or hooks where the towels can be conveniently 
left to dry, and that the housekeepers are trained to respect the 
decision of  the guests who choose to  reuse their towels 

- Devise a similar reuse program for beach or pool towels. In many 

beach hotels, the total weight of beacWpool towels that is laundered 
on a daily basis is greater than that of guestroom towels. 
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5- Water sources 

he watcr sourcc options available to coastill and desert tourism 
hotels typically fall into one of the following categories. 
I )  A direct connection via a pipeline to an cxisting water 
system (c.g., a municipal water distribution system) or a 

desalination plant operated by an independent water supplier. 
2) An indirect connection via tanker trucks to an cxisting water system. 
3) The operation of a dcsalination plant by an individual propcrty. 
4)  The operation of a desalination plant by a group of ncighbouring 
propcrtics within the context of an IDC. 

Project planners should carefully evaluate the applicability, bcnclits and 
drawbacks of each of these options before deciding on the water source 
that best fits the nccds and limitations of the propcrty. The final choice 
of watcr sourcc will largely depend on the fi~ctors that arc discussed 
below. 

Water nccds of the propcrty - The watcr nccds of thc propcrty can often 
preclude some of the possible water source options. For instance: 

Dccausc of cost and logistical considcri~tions, the option of trucking 
water from an cxisting dcsalinntion plant is typically suited only to 
small propcrtics that have iln average watcr nccd of50 m31dny or lcss. 

A propcrty with incdinm to large wittcr nccds (250 1n3lduy or greater) 
will in most cases hc unable to find an cxisting water source that is 
able tcr niect this demand. 

A propcrty with small water nccds (50 m3lday or lcss) should consider 
installing its own desalination plant only ifthere are no other alternatives. 



Figure 5.1 Mechanical vapor compression distillation units used in a large 
IDC-operated desalination plant 

5- Water Source 
- - 

or it can guarantee that the plant will be properly operated either by its 
own well-trained engineering staff or by a competent outside contractor. 

The possibility to form an IDC or locate the property in an existing IDC 
- Establishing or joining an IDC with centralized utility services is 
generally the best alternative for tourism projects, and should be particularly 
attractive to properties, large or small, that do not have access to an 
existing water source. Although forming or joining an IDC will require 
somc etroit on the part of'thc owncrs, this option offers many advantage\ 

The IDC structure allows properties to pool their technical and financial 
resources to design, build and operate an effective centralized desalination 
plant. 

An IDC-operated desalination plant relieves the individual properties 
from the need to maintain, operate and monitor their own plants. It also 
shifts to the IDC the responsibility for the proper disposal of the brine 
produced by the desalination plant. 
A large centralized desalination plant produces water at a lower unit 
cost than a smaller system 

Proximity and capacity of existing systems - Obtaining water from an 
existing system should be an ideal solution for any property that is unable 
to participate in an IDC. Unfortunately, the applicability of this option 
is often restricted by the lack of utility infrastructure in many tourism 
development areas, and by the limited surplus capacity of the existing 
desalination plants. 

Acceptability and reliability of the water source - The TDA will not 
approve a project unless it has access to a reliable and adequate source 
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5- Water Source 

I 
Disposal of the reject brine produced by reverse osmosis (RO) ~ 

desalination 
I 

The desalination of brackish groundwater or sea water produces 
two separate flows: the product water, which consists of the potable 
water that is extracted from the feed water, and the reject brine, 
which contains most of the undesirable salts originally present in 
the feed water. Thc reject brine also contains part of the chemicals 
that are used in thc RO desalination pt-occs3, r~arr~cly Lt~c Seed water 
pre-treatment chemicals (e.g., sulfuric acid, anti-scaling chemicals) 
and the chemicals that are periodically used to clean the membranes 
(e.g., citric acid, EDTA, sodium hydroxide). 

The efficiency with which a desalination plant transforms feed 
water into product water is defined by its recovery rate, which is 
equal to the ratio of the volume of product water generated to the 
volume of feed water processed through the system?hc magnitude 
of the recovery rate depends mainly on the quality of the feed watcr 
and the typc of dcsaliriatior~ technology used; it can vary from 15 
to 95% depending of the particular characteristics of the plant and 
of its water source. In the case of the RO systems commonly used 
in hotel and IDC desalination plants, the recovery rate typically 

Recovety rate = (volume of product water generated) 
- 

(volume of feed water processed) 
For example, a recovery rate of 40% means that 40% of the feed water processed by 
the plant is converted into potable water, while the remaining 60% is discharged as a 
reject brine. Thus, if a desalination plant with a 40% recovcty ratc processes 200 m3Iday 
of feed water, it produces 80 m3iday of product water and 120 m3iday of reject brine. 
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5- Water Source 

1 
ranges from a high of 80% for systems that havc access to low- I . .  
s a l ~ n ~ t y  brackish groundwater (TDS -2,000 to 3,000 mgliter) to 1 a low of 21% h r  systems that process sca water (TDS -45,000 
mglliter). The reject brinc must be disposed of in a manner that 
minimizes the potential for environmental damage and, as such, 
the design of the dcsalination plant rnust include an effective brine 
disposal system, Improper disposal of rcjcct brinc can havc serious 
environmental consequences. 

I ' The discharge of brine on the ground or in absorption ponds (i.e., 1 
I ~ o n d s  that do  not have an irnacrmcablc liner) will saturate the I 

soil with salts and increase the salinity ofthe underlying aquifer. 
If the dcsillination plant's feed water is drawn from this aquifer, 
the increased salinity ofthc groundwater will reduce the efficiency 
and increase the cost of the desalination process. Facilities that 
adopt this inadequate practice arc in fact gradually destroying 
their own wutcr source. 

The discharge of brinc in shallow, poorly designed, or improperly 
located injection wells can also contu~ninatc thc irquifcr. with the 
seine conscqucnccs mentioned in the preceding paragraph. 

I:ipurc 5 . 2  I l ~ ~ p r t ~ p v u  tIispt?rill nl'rujvct hritlu in ~ I I I  i~hs t~rp t iu~l  pond 
7'he dischirrgc ol'brinc into the scir can alrcct the salinity of thc 
sea water i111d har111 thc I I I L I ~ ~ I I V  C I I V ~ I ~ I I I I I C ' I I ~  IIC'UI illc 1)i1i11[ 01' 

tlischarge. Thc nlagnitude ot'thc i~npirct on sea water quirlity and 
the marine c~lvironmcnt depends on scvcral factors. including 
the volume and composition of thc brine, thc location and the 
dilution achieved by the marine out1:JII structure. and thc 
hydrographic currents in the arca whcrr the brinc is discharged. 
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5- Water Source 

The possible brine disposal options for hotel and IDC desalination plants 
include evaporation ponds, marine outfalls, and deep injection wells. 

1) Discharge to evaporation ponds: An evaporation pond system generally 
consists of two or more shallow basins that are equipped with a resistant 
impermeable liner (the water depth in the ponds typically ranges from 
25 to 45 cm). The water contained in the brine evaporates while the 
solids (salt) precipitate and accumulate on the bottom of the ponds. 
The deposited salt is typically removed every onc to two years and is 
sold or given away to an interested party, or discarded as solid waste 
in an approved waste disposal site. 

The principal benefits of using evaporation ponds for brine disposal 
are summarized below. 
- The construction of evaporation ponds is relatively easy and 

straightforward. 
- Properly constructed evaporation ponds require low maintenance 

and operator attention. 
- The only mechanical equipment required consists of thc pump that 

conveys the brine to the evaporation ponds. The salt that accumulates 
in small evaporation pond systems is generally harvested manually. 

- A properly constructed evaporation pond does not release any 
contaminants into the surrounding soil or groundwater and is, 
therefore, an environmentally sound brine disposal option. 

- In areas with high evaporation rates and low land costs, the use of 
evaporation ponds is often more cost effective than brine disposal 
by deep well injection. According to the Middle East Desalination 
Research Center, the construction cost of evaporation ponds in the 

- -. 
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5- Water Source - 

Sultanate of Oman ranges from US$7 to US$55/m2, with an average 
of US$ 19/m2 (source: Mushtaquc Ahmcd, 2000. Investigation of the 
Use of Evaporation Ponds for Brine Disposi~l in Inland I>esalination 
Plants, Middle I:iist I>csalination Research Center project report 97- 
AS-007). 
In  some cases, cvaporation ponds can be put to productive use and 
act as more than mcrc brinc disposal systems. Some ol'thc potential 
alternative uses for evaporation ponds include: 
- Finfish production - Depending on thc quality of the brinc discharge, 

cvaporation ponds can double up as aquaculture ponds. For example, 
tilapia havc a salinity tolcrancc ranging from 25,000 to more than 
40,000 nigllitcr and can thus bc grown in the concentration basins 
of the cvilporation pond system? 

- I3rinc shrimp production - I3rine shrimp. which arc used as fish 
lkcd, can he raised cvcn in saturated brines. 

- I3ct;l-c;1rotenc algae production - I)trnnliclla salina ;:lgac. a sourcc 
ol'bct:~-ci~rotcnc, can i~lso be grown in highly co~~ccntr;~tcd brines. 

- Salt protluction - The snit harvcstcd from the cvilpor;~tion ponds 
can hc rcproccsscd into industri;~l or. possibly, li)otl quillity salt. 

- I3ittcrn protluction - l'hc hittcrn consists of thc  bitter liquid that 
rcmains after thc cryst;:llizutic>n of salt from hrinc ;~nd typically 
contilins tnorc than 401%, mi~yncsiutii chloride. Ijittcrn-b;~scd prcducts 
can bc uscil as stabilizers l i ~ r  ciirth-bitscd roads and as dust 
supprcss;tnts, 

- -- 
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5- Water Source 

2) Marine disposal: The nature and the proportional concentration of the 
salts contained in the reject brine are nearly identical to those of the 
salts contained in the feed water. Apart from the minimal amount of 
process-added chemicals contained in the RO brine (i.e., pre-treatment 
and membrane cleaning chemicals), the chemical composition of the 
reject brine is basically the same as that of the feed water, but with 
higher concentrations. RO plants that draw their feed water from 
brackish coastal wells may in some cases produce a reject brine whose 
salinity and composition is vely similar to sca watcr and can. thcrcforc. 
be safely disposed of into the sea. The discharge of desalination brines 
that are considerably less or more saline than sea water may have a 
detrimental impact on the marine environment, however, the magnitude 
of this impact can be greatly reduced if the design and location of the 
marine outfall is able to achieve a rapid dispersion and dilution of the 
brine. 

1 
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3) Discharge to deep injection wells: This disposal method consists of 
using deep wells, which typically range from 300 to more than 2,000 
meters in depth, to inject the reject brine into a porous subsurface 
rock formation, thereby creating an underground storage site for this 
waste flow. The disposal of brine by deep injection must be done in 
a way that prevents the movement of the brine into aquifers that are 
used to supply water for domestic, industrial or agricultural purposes. 
Proper site selection, which is dependent on geological and 
hydrogeological conditions, is therefore of crucial importance in the 
design of injection wells and may, in certain cases, limit the viability 
of this brine disposal option. 



6- Water storage tanks 

he primary purpose ofthcsc tanks is to ensure that lm adequate 
volume ofwater is available at all times to meet the property's 
water nccds, and thus allow ibr the normal operation of the 
propcrty in the cvcnt of an interruption of its water supply 

(c.g., breakdown of the K O  plant). These storagc tanks must be able not 
only to meet the normal water nccds of guests. staff and back-of-house 
operations. but also hold a sullicicnt watcr rcscrvc to mcct the property's 
fire protection nccds. 
The principal issues that must be cvaluatcd during the planning and 
design stages of a propcrty's watcr storage tanks are discussed below. 
Type of  storagc tanks - Watcr can be stored in undcrground, ground-levcl 
or clcvatcd storagc. The choice between these thrcc options is typically 
driven by operational requirements and aesthetic concerns.  
t:lcvatcd storagc tanks (and underground or ground-level tanks located 
;it suflicicntly high clcviitions) arc used both to store watcr and to distribute 
it to the propcrty by griivity flow. 'The use of clcvatcd storagc tanks can 
greatly simplify the property's watcr pumping iind prcssurizulion system. 
but will not bc ;~pprovcd by TIIA if i t  ncgativcly i~ffccts the ;~csthctics 
ot'thc propcrty. As such, i~ propcrty that pli~ns to opcriltc ii gri~vity pressure 
watcr distribution systcm will have to intcgri~tc the clcviitcd storugc 
timkts) in its iirchitcctc~rc or, iipossihlc. builtl it grou~al-lcvcl or undcrground 
tank on ;I nearby hill 
Non-gravity watcr supply systctrls rely on either undcrground or ground- 
lcvcl tanks, which simply rcccivc the water supplied by the source and 
hold i t  until is pumpctl into the watcr distribution systcm. 'l'hcsc tanks 

II - (iuidclines i'or the design.construc~ion & Operation ot' Water systems 
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6- Water storage tanks 

can be easily blended into the property's landscape or buildings and thus 
pose no aesthetic concerns. 
Storage volume for domestic water - TDA requires that the capacity of 
the domestic water storage tank(s) should be sufficient to meet the 
property's maximum water needs for a period of at least one day. Project 
designers should, however, take into consideration the expected frequency 
and duration of water supply interruptions, and the availability of 
emergency water supplies (e.g., trucked water) when defining the storage 
volumc that bebt s u i t h  tl~r project's nerds. Propertic5 that car1 Coresee 
long intem~ptions in water supply and do not have convenient access to 
an emergency source of water should be more cautious and conservative 
when sizing their domestic water storage tanks. 
Storage needs for fire protection - In addition to the domestic water 
storage requirements, the property must also have a 120 m3 water reserve 
to meet its fire protection needs. This fire protection reserve can either 
be separate from or combined with the property's domestic water storage. 
In the case of combined storage, the system must be designed to ensure 
that the fire protection reserve is used only during fire emergencies. 
Access to this fire protection reserve is typically restricted by equipping 
the pumps with special controls or, preferably, by installing two outlets 
at different levels in the tank for the separate withdrawal of domestic and 
fire protection water. 
Location of the storage tanks - The location of the water storage tanks 
should be carefully selected. They should ideally be located as close as 
possible to the property's main water distribution network to minimize 
pressure losses during times of peak water demand. However, in gravity 
pressure systems that use underground or ground-level tanks built at 
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6- Water storagc tanks 
-- 

-- ~ 

a suflicicnt clcvi~tion, the position of thc  storage tanks will largely be 
dclined by the site's topography. 
Tank configuration - The domestic watcr should ideally be stored either 
in two (or more) separate tanks, or in a single tank that is divided into 
two separate compartments. This storagc conliguretion will allow one 
of thc tanks or compartments to be taken out ofscrvicc for cleaning or 
repairs without interrupting the supply of watcr to the property. 
Water quality protection -The  domestic watcr tanks must be properly 
dcsigncd to protect the quality of the water during storage. In order to 
achieve this essential requirement. the tank's design should include the 
following (i.;~turcs. 

The tank must be coniplctcly covered. 
The tank's t~~ltchway and its covcr must he dcsigncd to prcvcnt the 
ingress ofsc~rfi~cc runofl: rainwi~tcr, insects, windbornc dust, and other 
foreign matter. The li;~tchway covcr must also be equipped with a lock 
to prcvcnl ti~lnpcring. 
The lank vcrnts ;rrnd/or ovcrllow pipcs musl he dcsigncd to prcvcnt thc 
i~ngrcss of outside wotcr and other liwcign matter, and littcd with a line 
mesh to prevent the entry ot'insccts. 
'rhc sliapc of the tank ;~nd  ihc position ol'thc inlet ;tnd outlet pipcs 
sl~oultl itlc;~lly he tlc.;ignctl It1 ilvoitl crci~litig pockcls ol'stngn:unl wiltcr 
in the tank. 
'l'tic tin~k s l ~ o ~ ~ l i l  be ci1~11ppc~I wit11 'I W G I I ~ I  lcvcl i 1 1 ~ 1 i ~ d t o ~  10 ,i\oiJ the 
use ol'tlip-slicks. which ilrc ;I potcntinl source of water contamination. 
'l'licrc shot~ld he no c r o s s - c o ~ ~ ~ i c c t i o ~ ~ s  ~ ) C I W C ~ I I  t11c ilo~~icstic water 
storagc tanks anti any 1;lnk o r  dis~rihution system which carries non- 
potable watcr. 

I 1  - (ictidclines fi)r rllc tlcsign.c~~natruction & Operation of Water systons 
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7- Water pressurization system 

lie design o f  i t  prcssuri;.itlio~i system is dependent on many 

t'aclors -- sc~ch as silc lopograpliy, peak nntl i~vcragc witlcr 
tlcmitnd. pressure i ~ t i t l  l i re  protection requirements -- and 

con l l i l ts vary wi t lc ly  l ion1 one property to the ncxl.  In its 

siniplcst and i i l c i ~ l  l ixrn, i l ic  prcssurizittion systcln consists ol';t single 

clcv;tteil storage tiink 1Iti1t is lkcl t l i rcct ly f rom ~ l l c  witlcr sourcc itnd 
clpcriitcs without putnps or spcciitl controls. I l11li11-tunitlcly. i ~ n d  typically 

clue 10 s i t  cons~ri~ints. 111os1 sys~cnts ;trc nlorc co~nplcx  ;tnd include water 

supply putnps, lil-c protcct io~i punips. itntl Iiytlropncun~atic prcssurc tanks 

o r  v;tri:thlc l icqucncy pump controllers. 
'I'lic w;~lcr ~rcsst~". i / . i t t io~n S~SICIIIS tliiit ;ire lypicitl ly ~ tsed it1 ho1c1s (ill1 i n  

one ol'tlic l i r l lowing rh~-cc c;tlcgorics: gritvity, pncu~n i~ t i c  or ilircct prcssurc 

systems. 

I ) A g ~ t v i l y  pressure syslct i~ relics on ;t11 cIcv;tlcd slor;~gc littik 10 t ~ i : ~ i ~ i l i i i ~ l  

~ l i c  rccluircil pressure ant1 i~ttroilucc wiitcr inlo i l ic i l islrihulion network. 

Wnlcr i s  su1)plictl l o  lltc c lcv i~tct l  slor:tgc c;tnk cilhcl. tlircctly l'roni the 

source ( i l ' r l tc pressure i n  rllc supply l ine is s t~l l ic ic t i t  l o  ~ t i s c  lhc w;tlcr 
to l l i c  clcv;tlc(l s1or;tgc 1;tnk) or vi;t ;III i111cr111c~Ii;tlc slorit&x l;111k 

cqt t ip~cc l  will1 pt tn~ps.  
2 )  A I ~ y t l r o ~ ) t ~ e ~ t ~ ~ t r ; ~ l i c  PI.CSSLI~C S~SICIII rclics (111 [)rcss~~rc l:ttlks 10 sttsli~in 

lltc prcsstlrc jicncr;~lctl by  the p11111p 111;11 tlr;~ws witlcr l i ' t ~ n ~  lhc stllrilgc 

I;III~ itntl in l l r~( l t~ccs il inlo III~. (I istr iht~~iott nclwork. Since the prcssurc 
1;ttiks itre p;lrli;tlly l i l l c t l  will1 COIIII)~CSSCL~ i ~ i r .  l l tcy itrc i ~ h l c  to slurc 

i1111l rclcitsc ;I ccrtiiin ~~IIIIII~ o f p r ~ ~ s h t ~ r i x ( l  w;tlcr. ;tn(I ;tllow the pt1111p 
l o  cycle OII itn(I oIY i ~ t s l c i t ~ l  ol'op~.ritlittg c ~ ~ t t ~ i ~ t ~ t o t ~ s l y .  

3 )  I n  ;I tlirccl prcsst~rc syslc~n. 111c rc i l t~ i rcd  pressure i\ ~ t i i ~ i n l i ~ i n c i l  only 

rm Wmler 810rep lank IoceUd 
at a hlpher elevation than 
the m.wl- Are. 

from the 8ouru 



7 -  Water pressurlzatlon system 
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Water Supplied 
from the source 

Pump Statlon equlped wlth centrifugal and pressure 1 @ tanks wth vanable speed pumps and controllers 

Figurc 7.3 Ccntrifugal pump and hydropneumatic tank 

by the pump that draws water from the storage tank and introduces it 
into the distribution network. This pump is controlled by an electronic 
system that automatically adjusts the speed of the pump to the property's 
instantaneous water demand. 

The principal issues that should be considered when selecting and 
designing a property's water pressurization system are discussed below. 

If possible, take advantage of gravity - Properties that have favorable site 
topography or can effectively integrate an elevatcd water storagc tank 
into thcir architccturc should givc prcfcrcncc to graviv pressure systenih. 
Gravity pressure systcrns typically have lower operating costs and arc 
easier to maintain and operate than other water pressurization systems. 

Use the water pressure provided by the source - If the property is supplied 
by a municipal or IDC main that carries enough pressure, it should take 
advantage of this pressure either to avoid the need to purchase and install 
water supply pumps or to reduce the time of operation of its existing 
water supply pumps. For example: 

If the elevated storage tank of a gravity pressure system can be supplied 
with water directly from thc sourcc, thc system may be able to operate 
without thc need for any pumps. 
A property that operates a pneumatic or direct pressure system should 
use whenever possible the pressure provided by the source, rather than 
its own pumps, to pressurize its water distribution network. However, 
even if sufficient pressure is always available from the source, the 
property will still need to periodically run its own pumps to consume 
and thereby refresh the water contained in its storage tank. 

Base the system design and equipment selection on sound engineering 
analysis The pressurization and pumping system should be designed to 
run efficiently under the expected average operating conditions, 
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7- Water pressurization system 

effectively meet the property's peak watcr demand, and minimize the 
wear and tear on its components. These objectives can be achieved only 
if the system design and cquipmcnt selection is entrusted to an experienced 
engineer. 

Use cncrgy efticicnt cquipment - All pumps, and especially those that 
have a heavy workload, should be equipped with high efficiency motors. 

Provide backup pumping capacity - Each pumping station should bc 
cquippcd with a standby pump (or pumps) of sufiicicnt capacity to ensure 
the proper operation of the water supply systcm in the casc of pump 
breakdown or maintenance. 

Provide adequate pumping capacity for fire protection - The pumps that 
supply water to hydrants and other tire protection systems should have 
the capacity to generate the rcquircd fire flows. In addition, since the firc 
protection needs must be covered at all times. the property should either 
be equipped with a diesel backup pump, or connect its electric lirc pumps 
to it backup gcncrator. or adopt another strategy that ensures the proper 
pcrfortnance o f t h c  firc protection systcnl in case of it power fi~ilurc. 

Opcratc thc wiltcr distribution systcm at a rcitsonahly low pressure - Most 
hotels can opcrittc normally with ;I pressure 01'2 to 4 bars. flighcr water 
prcssurcs arc wasteful i n  tcrtns of thc extra costs of the equip~ncnl and 
cncrgy rcquircd lo produce them. and thc incrcascd volutne of watcr 
cot~sutneil by lixturcs 11nd lost Ihrouyh Icaks. I Iowcvcr. properties thut 
plan to opcriltc nt 11 prcsslirc of lcss thi~n I 5 hnr slro~~ltl in;tkc .;llrt. thnf 
thcir plumbing lixtiircs itnd wiiter using cquipmcnt will perform well 
inthcsc low prcssurc contlitions. According to 1'I)A rcco~n~ncndations. 
thc water prcssurc at tiny point ol'thc wittcr distribution systcm should 
ncvcr fill1 below I bar. 

I:ipurc 7.4 lilcclric i~ti i l  huckup (licscl lirc pumps ul 
I 3 I O r i .  5-stilr Hccl Sci~ II(IIcI 

- 

I I  - Ciu~dcl~nr\ for the de\~gn,con\truct~on & Oprrat~on of Water systems 
30 



8- Water distribution system 

he purpose of a watcr distribution systcm is to deliver watcr 
to all points of use in an adequate amount and at a satisfactoly 
pressure. under both normal and exceptional operating 
conditions (e.g., the superposition of normal flows and fire 

flows). The basic components o f a  watcr distribution system include the 
feeder mains that are the principal arteries of the systcm, the service lines 
that connect the buildings to the feeder mains. and the flow control valves. 
To ensure the adequacy and integrity of the watcr distribution system. 
the project team should give appropriate consideration to the following 
guidelines and issues. 
Detailed dcsign of the water distribution systcm - Flow and prcssurc 
conditions in a watcr distribution systcm are af ictcd by a large numbcr 
of parameters including the lengths. diameters and material of the watcr 
supply pipes; the pressure provided by the watcr source or by the pumps; 
the topography of thc  site; the height of the buildings; and the numbcr, 
type and distribution of plumbing fixtures that itrc connected to the watcr 
supply systcm. ( ; ken  this level ol'complcxity. the dcsign of the  watcr 
distribution systcm  nus st be hescd on sound it~~itlysis and entrusted to an 
experienced engineer. 'She proper dcsign and construction of u watcr 
distribution systcm is particularly i~nportilnt because i~pgnlding u dcl'cctivc 
systcm ciln be both costly and dtsrupl~vc. 
I.ayont of the lkcdcr mains - The layout ol'u property's kctler tnains 
should iilcally be loopcd ruthcr than brunched. Although the construction 
o f a  loopcd feeder main requires additional materials and incurs higher 
costs, this configuration can greatly improve the perli)rn~ancc ol'thc water 

I:igurc 8.1 Typicdl layout ol'a loopcd fccdcr main 
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8- Water distribution system 

Table 8.1 Typical water valves and applications 

distribution system. 
A looped feeder main reduces pressure losses in the principal water 
supply lines and thereby achieves more uniform pressure conditions 
throughout the water distribution system. 
Since the service lines that feed water to the buildings can be supplied 
from more than one direction, a section of a looped feeder main can 
be taken out of service for repairs without disrupting the water supply 
to large sections of the property. 
A looped feeder main avoids thc creation of undcsirablc dcad ends in 
the principal watcr supply lines of the distribution system. 

Valve type 
Isolating 
valves 

Flushing (or 
blowoff) 
valves 
Air relief 
valves 

Vacuum relief 
valves 

Pressure 
reducing 
valves 

Location and position of water supply lines - All standard precautions 
must be respected when defining the location and position of water supply 
lines. In particular, the property should: 

Avoid laying water lines under paved areas to facilitate leak detection 
and repairs, 
Maintain an adequate horizontal separation between water and sewer 
lines, 
Maintain an adequate vertical separation and respect the required safety 
precautions at watcr and scwer line crossings, and 
Avoid cross-connection between the water supply system and pipelines 
that carry non-potable water. 

~pplication 
Used to cut off the flow of water through a pipe 
and thus isolate a section of the distribution 
system for repair or maintcnance. They are 
typically installed at all pipe intersections and on 
all pipe branches. 
Installed at the end of branched mains and used 
to periodically flush the sediments that typically 
accumulate at dead ends. 
Used to vent off the air that may accumulate in 
the pipelines. They are typically installed at all 
high points in long water lines. 
Allow air to enter the water distribution system 
when it is being emptied or subjected to a 
vacuum, thereby preventing the possible 
backflow of contaminated water into the 
distribution system. . 

Used to reduce the pressure in sections of the 
water distribution system that are subjected to 
excessively high pressures (e.g., in low-lying Valve selection and location - Several different types of valves are typically 

needed to ensure the proper operation and maintenance of a water 
distribution system. Since each type of valve has specific application 
requirements and limitations, the selection and placement of valves in 
the water distribution system must be based on sound engineering analysis. 

- -  - - 
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X- Water distribution system 

Selection of pipc material - Wotcr distribution systems in hotels typically 
use pipcs that arc rnadc ofpolyvinyl chloride (I'VC'), chlorinated polyvinyl 
chloride (C'PVC). polypropylene (PP), polyethylene (PE), gzllvanizcd 
steel, copper, ilndior ductile cast iron (1)C'I). The principal ftictors that 
nli~st he ti~kcn into account whcn selecting the type ofpipe li)r n spccilic 
application includc its ability to withstand the maximum anticipated 
internal and external prcssurcs; its resistance to cxtcrnal and internal 
corrosion; and. if applict~hle, its resistance to high water tcmpcraturcs 
and UV r;idiation. Although pipc selection should always be hascd o n  
sound engineering practice. properties should hc partic11l;lrly c;iutious 
whcn c o n s i d e r i n g  the  fo l lowing  poss ib l e  app l i cu t ions :  

llse ofg~lvilnizcd steel, coppcr or tluctilc cast iron pipcs in ;~ggrcssivc 
soils; 
lJsc ofgalv;~riizcil steel. coppcr or tluctilc ci~st iron pipcs to convey 
tlcsalin;~tcd wz~tcr;" 
llsc ol'pli~stic pipcs, other thirn ('I'VC' ant1 polypropylene pipcs. in hot 
water distrihution systems; ;inti 

llsc ol'pl;~stic pipcs i n  arcas exposed to tlircc~ sunlight. 

Inst;~ll;~lion prcc;~utions - 'She property must ensure ih;~t ;ill due prcc;lulions 
arc i ;~kc~l  tluritig the co~lstruction of its w;itcr ilislrihulions sysletiis. In 
[iiirlic~ll;~r. lhc conslri~cliori pr;icliccs inusl clisurc lI1i11 

I'ilicsliiitl i t1  trcnchcs irrc properly lictltlcil iintl provitlctl wit11 unilitrn) 
I (~n f i i~~~d i t i i~ l  support. 



8- Water distribution system 

Pipes and connections are not damaged during laying and construction, 
Pipe joints and connections are correctly assembled, 
Pipeline thrust blocking is provided where needed to prevent pipe 
movement, 
Water lines are pressure-tested for leakage before the trenches are 
backfilled, 
Trenches are properly backfilled, and 
Water distribution systcm is propcrly disinfcctcd betorc it is plnccd in  

servicc. 

Fire protection - A  property can operate either separate or combined tire 
protection and domestic water supply systems; the choice between these 
two options is largely guided by economic considerations. However, 
regardless the type of firc protcction system used by the property, it must 
comply with the following requirements 

The system must be able maintain a pressure of at least 1 bar (15 psi) 
at the fire hydrants while delivering the required flows. In a separate 
fire and domestic water supply system. thc required flow is equal to 
the fire flow, whilc in a combincd systcm, thc required flow is equal 
to the sum of the fire flow and the maximum daily demand. 
The diameter of the pipes that carry the fire protection water must be 
greater or equal to 100 mm. 
The distance between adjacent fire hydrants cannot exceed 60 meters. 
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9- Wastewater collection system 

he purpose of a wastcwatcr collection system is to convey 
wastes from the point of generation to the point of treatment 
(or to the collection tanks for properties that transport their 
wastewater by truck to an off-site treatment plant). The 

wastewater collection system serving a property may consist of only a 
conventional gravity scwcr or, as is often the case in coastal hotels, of 
a combined gravity and pressure sewer. 

Conventional gravity scwcrs transport wastcwatcr by gravity along a 
downward-sloping pipe gradient. They arc reliable and consume no 
power, but arc mainly suited for sitcs with consistently sloping ground 
and where the discharge point is located at a lower elevation than the 
service area. The use of gravity sewers in sitcs with unlhvorablc 
topography or subsurfice conditions (c.g., high water table or hard 
bedrock close to the ground surface) typicillly requires deep and/or 
cxpcnsivc trcnch cxcavi~tion nnd wastcwiitcr lilt st;ltions. which 
signilicitntly incrcasc the systcm's construction and operating costs. 

(;cncr;~l co~~sidc~.ations Tor tlic planning and design ol'witstcwatcr collection 
systems - 

'I'itkc (i~l~lrc L I C V C I ~ I ) I I I C I I I  plitns into IICCOLIIII when (Icsigl~il~g the l i ~ y o ~ ~ t  
i~ntl calpitcity ol'tlic wastcwiltcr collcction systc~n to ensure i t  will be 
i~blc  to i i c c ~ t ~ ~ m o d a t c  the new wastcwiltcr loads resulting Srotn the 
property's cxpi~nsion. 
Avoitl tlischi~rging storlliwiltcr [lows into the scwcr system. l'hc hydranlic 
surge gcncri~tcd during rain events can overload the scwcrs and the 
wastcwatcr treatment plant. Stor~nwatcr tlows from rooti and paved 

Wastewater collecUon tank or treatment system located at a lower 
eINalOn man me swlce area. 

Gravity vwer lane. 

i ~ r e  0.  I Schcnliltic reprcscnti~litr~t ol'i~ ct)tivcnlional gravity sewc 
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@ Sewlce area (hotel and support facillbes). - Gravlty sewer ihne. 

@ Wet well and pumping stanon. - - Pressure sewer Ilne. 

@ Wastewater beatment system located at a 
higher elevation than the service area. 

Figure 9.2 Schematic representation of a combined gravity and pressure 
sewer system with a single wet well and pumping station 

9- Wastewater collection system 

surfaces should ideally be discharged to the surrounding gardens or 
grounds. However, the disposal of stormwater flows should be carefully 
distributed on the available land in order to prevent soil erosion, flooding 
and other problems that could result if a large volume of stomwater 
is concentrated in a single point of discharge. 
Avoid placing sewer lines in areas that will be subjected to large surface 
loads (e.g., road traffic), or take the necessary precautions to ensure 
the sewer line is able to support the loads without suffering structural 
damagc. 
Make sure there are no cross-connections between the water supply 
lines and the wastewater collection system, the treated wastewater 
irrigation system, or any other system that carries non-potable water. 
Maintain an adequate separation between sewer and water lines to 
minimize the risk of contaminating the property's water supply. 
Ensure the materials used for the construction of sewer lines and 

appurtenances are adequate to the soil conditions. PVC pipes are not 
affected by corrosion and are therefore commonly used for the 
constr~~ction of gravity and pressure sewers. 

Special considerations for thc dcsign of gravity scwcrs - 
The pipes used for sewer lines and for building connections must have 
a diameter of at least 200 mm and 150 mm, respectively. 
Manholes must be installed at junctions of gravity sewers, and at each 
change in pipe direction, size or slope. Sewer sections between manholes 
should be straight. 
All sewer building connections must be provided with cleanouts to 
allow the insertion of cleaning rods into the underground pipes. 
The diameter and slope of the sewer lines must be designed to respect 
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9- Wastewater collection system 

the minimum and maximum acceptable flow velocities: cxccssivcly low 
llow velocities allow solids deposition in the scwcr and result in clogging 
problems, while high flow vclocities erode the scwcr pipes and damage 
manholes. 

Special considerations for the design of  pressure sewers  - 
The number, capacity and mode ol'opcration ol'thc pumps will largely 
dcpcnd on the quantity and variation in the wastcwater flow handled 
by the pumping station. 

- Small stations should ideally be equipped with two identical pumps 
(one in operation and one in standby), each having the capacity to 
handle the peak wastcwatcr flow rate discharged into the wet wcll. 
Float switchcs placed in the wet well should be used to control the 
operation ol'the pumps. 

- I.argcr pumping stations, with a peak output of 2,500 liters/~ninutc or 
morc. should ideally be designed to operate in a continuous manner. 
This can be act~icvcd by using morc sophisticated llow control systems. 
such as variable spccd punips or a n~ultiplc-pump array that operate in 
cascade, to match the output ol'thc pumps to the incoming wastcwater 
flows. 
!tach pumping stiltion should he cquippcd with it stitndby pump 

(or pumps) ol's~~llicicnt ci~pitcity to ensure the proper operation of the 
systcrn in ca se  ol' a pump breakdown o r  tnaintcnancc. 
. . I he wastcwatcr pumps must be rthlc to hitndlc the solids and grit 
contilined in rilw wi~stcwatcr. Il'thc system uses ccntrilugal pumps. the 
wet wcll should be cquippcd with a bar rack or screen to rcniovc 
the rags and the trash contained in the incoming wastcwatcr . 
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9- Wastewdter collection system 
-- - - -. 

The storage volume of the wet well must be large enough to prevent 
short cycling of the pump motor. The minimum required duration of 
a pumping cycle (i.e., the time between successive pump starts) varies 
according to the size of the pump, but should typically be longer than 
10 to 15 minutes. 

The system should ideally equipped with alarms to signal excessively 
high and low liquid levels in the wet well or pump failure. 
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10- Wastewater treatment 

otels are required to treat their wastewater and to reuse or 
dispose ofthc trcatcd cflluent in an environmentally acceptable 
manner. All hotels must therefore have access to a suitable 
treatment system that is able to purify their wastcwater to a 

level that allows for its reuse in irrigation or proper disposal. The 
wastcwater treatment options that are used by coastal and desert tourism 
hote ls  typical ly  fall in o n e  o f  the fo l lowing  categories .  
I )  A direct connection through a sewer line to an existing wastcwater 

treatment plant that is operated by a municipality or a ncarby tourism 
complex. 

2) Wastewater collection in watertight holding tanks and off-site trilnsport 
by tanker trucks to an existing wastewater treatment plant. 

3) The opcration of a wastcwater trcatrncnt plant by an individual 
property. 

4)  The operation o f ; ~  centralized wastewater treatment plant by a group 
ofticighhoring properties within the context ofan  I I X ' .  

The project tcutn will need to carefully cvaluatc the irpplicability. hencfits 
ilntl drawhi~cks of circh of these options before choosing the manner in 
which the property will handle and treat its wirhtcwatcr llows. The linal 
choice of thc option illat hest suits the needs ofthe property will Itlrgcly 
dcpcnd on the ihctor:; thiit ilrz Ji.;cti.~.~cJ bclvw. 

Volucllc ofwi~stcwi~tcr - 'l'lle iictuill volu~nc of wilstewntcr gcnerttted by 
Ihc property tiuy litnit the i~pplicubility ol'sotrie ofthc possible wtrstewater 
trcilllllenl optior~s. 
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10- Wastewater treatment 
--- 

Trucking collected wastewater to an existing treatment system is 

typically suited only to properties that generate small wastewater flows 
(e.g., 50 m3lday or less). 
A property that produces small wastewater flows should consider 
building an advanced wastewater treatment plant, such as an activated 
sludge system, only if there are no other alternatives or it can guarantee 
that the system will be properly operated by its own well-trained 
enginccring staff or by a competent outside contractor. 

Any propfrty that plans to use an existing wastcudter treatnient system 
will have to ensure that it has the capacity to handle the additional 
wastewater flows. Larger properties rnay unfortunately often be unable 
to find existing systems with the required excess capacity. 

The volume of wastcwater generated by a hotel is proportional to its 
domestic water consumption (i.e., the water consumed in all of its 
operations except for irrigation). It can range from a low of 40% of 
domestic water consumption for a property equipped with an extensive 
graywater collection network, to a high of  90% of domestic 
water consumption for a property with no graywatcr system. 

The possibility to form an IDC or site the property in an existing IDC - 
Establishing or joining an IDC with centralized utility services is generally 
the best option for tourism projects, and should be particularly attractive 
to properties, large or small, that do not have access to an existing 
wastewater treatment system. 

The IDC structure allows properties to pool their technical and financial 
resources to design, build and operate an effective centralized wastewater 
treatment plant. 
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10- Wastcwatcr trcatmcnt 

An IDC-operated wastcwatcr trcatmcnt plant relieves the individual 
properties from the need to maintain, opcrate and monitor their own 
trcatmcnt systems. It also shifts to the centralized plant the responsibility 
for treating the wastcwatcr to the level required for its reuse in irrigation 
or disposal. 
A large centralized system can take advantage of economies of scale 
and have lower unit operating costs than a small wastewater trcatment 
plant. 

Proximity and capacity of cxisting systems -The use of an existing system 
relieves the propcrty from h e  need to build and opcrate its own wastewater 
treatment plant, and produce a treated eflluent that is suited for irrigation 
or disposal. I t  should. therefore. be an attractive solution for any property 
that is unable to participate in an IDC and has access to an cxisting 
system. However, this option has a scvcml drawbacks whose importance 
will vary depending on the particular circumstances of each project. 

If the propcrty is not able to convey by pipeline its wastewater to the 
cxisting trcatrncnt system, the high cost of transporting wastewater by 
truck will limit the applicability of this option only to properties that 
generate small wastcwatcr flows (c.g., 50 m3lday or less). 

The propcrty will need to pay a treatment fee to the system's opcrntor. 
Ilowcvcr. this lice may in some cases he lower than the actual cost that 
would i ~ c  ill~ii11cd I J ~  tllc ) ) I ~ J I W I [ Y  il'il wc1.c lrc~ti lg i ts own U.3:itClh.ntCT. 

13y losing control over its wastcwatcr. the propcrty will lose a potential 
source of low-cost irrigation water. I t  will thus have to rely either on 
its water supply or o n  purchased treated wastcwatcr to meet its irrigation 
needs. 

I:igurcIO. I Acrivutcd sludge wustcwater trcntmcnt plants 
uscd in Rcd Scu holcl 
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10- Wastewater treatment 
- - - -  - - - 

Figure10.2 Activated sludge wastewater treatment plants 
used in Red Sea hotel 

Quality and skill of the future system operators - The operation of 
advanced wastewater treatment plants, such as activated sludge systems, 
requires specific technical skills and training. Such systems will produce 
a treated effluent that meets the strict quality requirement needed for 
irrigation only if they are managed and monitored by knowledgeable 
operators. Poorly operated systems will produce a low-quality effluent 
that, if used for irrigation, will pose severe health risks to the guests and 
staff and increase the property's potential liability. 

In light of these fact\, no property should consider building an advanced 
wastewater treatment plant, and in part~cular use its treated effluent for 
irrigation, unless it is willing to spend the necessary resources to ensure 
that the system is properly operated. 

Selection of wastewater treatment technology - 
Activated sludge treatment plant - Most of the wastewater treatment 
plants used in properties and Tourism Centers along Egypt's Red Sea 
coast are based on the activated sludge process. This is a well-established 
form of secondary wastcwater treatment that is recommended by TDA 
for all tourism properties and IDCs. When properly designed, operated 
and monitored, an activated sludge system produces a high-quality 
effluent, which, after filtration and disinfection, can be readily used 
for irrigation. However, if these conditions are not met, the plant will 
produce a poorly treated effluent that may affect the performance of 
the irrigation system (e.g., by clogging the irrigation lines and emitters) 
and create serious health risks. 

Given its higher initial cost and strict operational requirements, an 
activated sludge system is typically not suited for properties that generate 
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10- Wastewater treatment 
-- 

Intermittent Sand Filters (ISFs) 

An ISF consists of a shallow bed of sand that is equipped with a surface 
distribution system at the top of the filter and a vented underdrain at the 
base of the filter. Settled wastewater from a septic tank is periodically 
pumped to the surface distribution system and is purified as it slowly 
percolates through the sand. The treated effluent eventually collects in 
the underdrain and is sent to a holding tank for reuse in irrigation. 
Advantages 
- ISFs can reliably produce a high quality efflucnl with a biological 

oxygen dernand (BOD) and suspended solids concelltratioll of 5 to 20 
mglliter. 

- The treated effluent can be recovered and used for irrigation after 

filtration and disinfection. 
- Construction costs for ISFs are moderately low, and the labor is mostly 

manual. 
- The operation of an ISF is relatively simple and does not require skilled 

personnel. 
- Maintenance requirements are low. 
- ISFs have low energy rcquircmcnts. 
- Covered (or buried) ISFs typically have no odor problems. 
- ISFs can be installed to blend into the surrounding landscape. 

Disadvantages 
- The construction of an ISF may requires a relatively large surface area. 

Depending on its design features, the loading rate on an ISF can range 
from 20 to 200 literslm2 per day. 

- Open-top ISFs can generate odor problems and should not be installed 
close to buildings or guest areas. 

- Clogging of the filter media is possible. 
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10- Waslcwntcr trcatmcnt 

Evapotranspiration (KT) Systems 

A n  ET systcm consists of a sand bed th i~t  i s  laid over an itnpcrmcablc 
liner and equipped with a subsurhce network o f  wastcwatcr distribution 
pipcs. Thc settled wastcwatcr l iom a septic tank is applied across the bed 
by rhc distribution pipcs, raised to the top ol'thc bed by capillary action 
in the sand, and eventually evaporated into the atmosphere. 

Advantages 
- ET systcms are well suited to arid climates. 
- ET systcms equipped with watertight liners w i l l  not discharge any 

wastcwatcr into the ground. 
- Construction costs for an ET systcm arc moderately low, and the labor 

is  mostly manual. 
- The opcrtition o f  an ET systcm is rclativcly simple and docs not require 

skilled pcrsonnci. 
- Maintcoiincc rcquircmcnts arc low. 
- li'T systems hiivc no or only low energy rcquircmcnts. 
- li'l' systcms cat1 be insciillcd to hlcnd into the surrounding landscape. 
- 'I'hc Ii'I' bcti can hc covered with vegetation lo cnhrlncc rhc pcr fomncc 
of'thc systcm. 

Disadvantagen 
- An IT systctn docs not produce an clllucnt ant1 thus thc property loses 

a potcnlii~l soitrce ill' irrigaliot~ water. 
- T l ~ c  ayaic~t~'a c t~~~st r i tc t io t~  rcqitirch u tc l i~~ ivc ly  Iutgc ~ U I  I'UCL. UICU. 
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10- Wastewater treatment 
- 

I Subsurface Soil Absorption (SSA) Systems 

A SSA system typically consists of a network of slotted pipes that are 1 
laid in shallow trenches filled with gravel. The slotted pipes receive the 
settled wastewater from a septic tank and discharge it below the ground I 

surface, where it is treated as it percolates through the soil. 

Advantages 
- The system's operation is simple and docs not require skilled personnel. 
- Construction costs arc modcratcly low, and thc labor is mostly manual. 
- The operation of a SSA systcni is simple and docs not require skilled 

personnel. 
- Maintenance requirements are low. 
- The system has no or very low energy requirements. 
- The system can be installed to blend into the surrounding landscape. 

Disadvantages 
- SSA systems cannot be used in areas with a high groundwater table or 

unfavorable soil characteristics. 
- The system does not produce an effluent and thus the property loses 

a potcntlal sourcc of irrigation water. 
- The system's construction requires a relatively large surface area. 

- - 
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10- Wa\tcwdtcr trcalment 
- 

Effluent polishing for reuse in irrigation - Regardless the type of 
wastewater trcatmcnt system used, trcatcd wastewater must be filtered 
and disinfected prior to reuse for irrigation. The objective of this 
polishing proccss, or tcrtiary trcatmcnt, is to prevent clogging of the 
irrigation network and protect the health of workers and guests by 
lowering the suspended solids, biological oxygcn demand (BOD), and 
fecal coliform content of the irrigation water. To ensure its ctTcctivcness, 
the design of the polishing process must take into account thc following 
issues. 

- Disinfection should be conducted al\cr the trcatcd wastewater has been 
Iiltcrcd, as the prcscncc of suspended solids in the elfluent lowers the 
efficiency of the disinlkction proccss. 

- The systcrn must provide 21 silfficicntly long contact tirnc hctwccn the 
liltcrcd cfllucnt and the chlorine to cnsurc that the flow is properly 
disinkctcd hcforc it is uscd (br irrigation. 

Approval (iom I:I:AA and TLIA - The cicsign ofwnstcwatcr holding tanks 
ilnd of the wastcwcltcr trcntmcnt systcms must be submitted to the '1'I)A 
and l:IiAA for ilpprovel hclbrc they ciln he incorporated into the project. 

Slutigc tn;tn;lgc~nent - I'ropcrtics must have the ~micnns to lmandlc properly 
tlic slutlgc gcrmcri~tctl hy their wi~slcw;ltcr lrcalrncnl systct~~s. 'fhc typiciil 
slutlgc l i :r~)ilIir~~ I > ~ ~ ~ I > I I S  i r i~.l~~tlr .  

I'umping i~ntl tri~lisport oftltc sludgc to an olT-silc Ircirl~ncnl fircilily. 
such as a large niunicipal or Ill(' wastcwiltcr trciitmcnt plant, or a 
disposal site. This option is typically uscd to handlc thc sludge that 
collects in thc primary settling tanks (c.g.. septic tanks) ol'many small- 
flow witstcwatcr trcatmcnt systcms (c.g.. intcrnmittent sand filters, 

I l l -  Guidelines for the de\ign,~.~~n\~ructic~n and Operation 01'Sanitalion systems 
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10- Wastewater treatment 

subsurface soil absorption systems and evapotranspiration beds). 
Stabilization of the sludge prior to its use as a soil conditioner. This 
option is often used to process the biological sludge produced by the 
activated sludge wastewater treatment plants serving IDCs or large 
properties. The objective of the stabilization process is to eliminate 
offensive odors, reduce the potential for putrefaction, and reduce the 
concentration of pathogens in the processed sludge. The steps in 

a complete sludge stabilization process typically consist of 
aerobic digestion. dcwatering in sand beds, and composting. 

Poorly stabilized primary or biological sludge generates odor problems, 
attracts pests and presents a significant health risk; it should therefore 
never be used to fertilize hotel gardens or other areas with similar public 
access. 
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11- Wastewater modification - volume and pollutant 
load reduction 

he characteristics of the raw wastewater can have a major 
impact on the wastcwatcr treatment, disposal andlor rcusc 
system. For example: 

Large wastcwatcr flows will increase the required capacity, 

the capital cost and operating cost of the trcatmcnt system. 
Wastewater flows in cxccss of the design capacity of the wastewater 
trcatmcnt plant will affect its performance and lower the quality of the 
treated cfllucnt. 
The discharge of hazardous and toxic chemicals into the property's 
drainage systems can harm the bacteria that purify the wastcwatcr in 
a biological wastcwatcr treatment process. In the worst-case scenario, 
such chcrnici~ls can completely disrupt the operation of the trcatmcnt 
plant for days or even weeks. 
lligh concentrations of certain chcmical clcmcnts. such as sotlium and 
boron. in the raw wiistcwatcr ciln make the treated cfnucnt unsuitable 
li)r reuse in irrigation. 

A property ciln therefore si~vc Inoncy and cnhilncc the pcrformancc of its 
wastcwatcr systcm hy reducing the volume i~nd i~nproving the qunlity of 
the raw witstcwiltcr ~cncrulcti by its opcritlio~ls. 
Wastcwatcr volumc reduction - Wi~tcr conscrvi~tion i~nd gri~ywatcr irrigation 
arc the two ir~uin stri~tcgics that can he used hy a hotel to reduce the 
volume ol'wustcwatcr discharged to its wastcwiltcr treatment or disposal 
systcm. Since lniiny of the f'cuturcs ol'wittcr conservation and graywatcr 

I : ik*~~r ts  I I I 'l'lit. I I W -  # ~ l ' l ~ ~ w - ~ ~ t t : ~ I i l y  lrt~:1lr11 w;tslt-w:!trr 
l i ~ r  irrigi~tion con tla~ni~yc thc soil iii~d vcgcti~tion 

- -- - 
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11- Wastewater mod~ticat~on - volume and pollutant load reduction 
- 

systems must be included in the property's design and construction, these 
strategies must be incorporated into the initial planning phase of the 
project. 

Water conservation - By using water efficient fixtures and appliances, 

Table 11.1 Benefits provided by wastewater volume reduction measures for and training its employees to practice water conservation in their 
the various wastewater treatment options typically used by hotels operations, a property can greatly reduce the volume of water it consumes 

Wastewater Benefits of wastewater volume reduction measures I 
Reduces the hydraulic load on thc aastcuatcr trcilllncrit plant and 1 

and the volume of wastewater it generates. The water conservation 
measures that should be implemented by hotels are discussed in chapters 
3 and 4. 

trcatmcnt plenl and thcrcby impruvrs its performance. 1 Graywater irrigation - Graywater consists of the lower-strength 
effluent rcusc for O - Iniprovcs thc quality of thc treatcd effluent and ticilitates its 
irrigalion reuse for irrigation. wastewater that is discharged mainly from showers, tubs, bathroom 

Wastewater L 
collection in holding 
tanks and transport to 

- 
0 - Installing a graywater system reduces the rcquircd capacity of the 

wastewater treatment system. This in turn can substantially lower 
the caoital cost of the wastcwatcr treatment system, es~ecially if 
the property is planning to use a "nahlral" wastewater treatment 
systcm such as an intermittent sand filter, an evapotranspiration 
system, or a subsurface soil absorption systcm. 

O - Reduces the wastewater trucking costs. 
0 - Reduces thc frcqucncy at which the property's wastewater 

holding tanks must bc emptied. 

- 

sinks, laundry washers, and pool filters, and excludes the high-strength 
wastewater (or blackwater) that is discharged from toilets, urinals, 

Discharge to a 
municipal or IDC 
sewcr 

bidets, and some kitchen and bar sinks. As graywater contains fewer 
suspended solids and pathogens than blackwater, it can be conveniently 
reused for subsurface irrigation if it is collected separately and filtered. 
Given that graywater typically accounts for more than 50% of the total 
volume of wastewater generated by a hotel, graywater irrigation can 
significantly reduce the required hydraulic capacity, and thc capital and 
operating costs of wastewater treatment or disposal systems. In addition, 
graywater systems can provide an ample supply of low-cost irrigation 
water and, therefore, should be particularly attractive to properties that 
don't have access to t reated wastewater  for  irrigation. 

gardens. 
O - Installing a graywater system reduces the property's consumption 

of irrigation water (i.e., fresh water or trcatcd wastewater 
purchased from the local supplier) by partially meeting the 
irrigation needs of its gardens. 

Pollutant load reduction - The discharge into the drainage system of 
products that can disrupt the wastewater treatment plant or affect the 
quality of the treated effluent should be avoided or minimized to the 
extent possible. Examples of such harmful products include toxic or 
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I I -  Wastcwater modification - volu~nc and pollutant load reduction 
~~ 

~, - - ~- ~ 

cxccssivcly harsh cleaning chemicals; certain types of laundry and 
dishwashing dctcrgcnts; kitchen grease, fat and cooking oil; and spent 
~naintcnance products and brines (e.g., the reject brine produced by a 
desalination plant). A property can. howcvcr, easily achieve this objective 
by adopting a number of relatively simple and low-cost wastewater 
rnani~gcmcnt practices. 

Avoid purchasing laundry and dishwashing detergents that produce a 
washwater with a high alkalinity and conductivity. or a high sodium 
and boron content. The use of such detergents lowers the chemical 
quality of the trcated wastewater and renders it unsuitable for reuse as 
irrigation watcr. 
Minimize the use ofcxccssivcly harsh or haLardous cleaning agents 
(c.g.. chlorine and strong disinfectants). 

Train the housckccping, laundry and stewarding staff on how to properly 
use their chcmicals. 
Monitor thc consumption of hot~sckccping. 1;rundry and stewarding 
chemicals to cnsurc they tire used efficiently by the staff. 
Avoid the routine use ofclicmicals for tasks that can be ircco~nplished 
hy non-cltctttic;~l nicirns (c.g.. ~ h c  use oftlmin cleaning chemicals rilthcr 
than il plunger or rod to clear clogged drains). 
('ollcct tlic lit1 z~nd used cooking oil gc~ierittcd in the kifclicns i~is t~i ld  
ol' tlisch;~rging tltc~n into the t l r~~ins.  Kccyclc or discard the collected 
mutcriitl as solitl waste. 
Install well-tlcsigncd grcnsc trilps ill thc kitchen drains and maintain 
them properly. (;rcitsc. fit( and cooking oil tlischargcd Srom kitchen 
sinks can obstruct sewer lines ant1 lower ~ h c  pcrli)rntancc ol'wastcwater 
trcatrticnt systems. 

~- - 
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11- Wastewater modification - volume and pollutant load reduction 

Ensure that spent maintenance products (e.g., used motor oil, paints, 
solvents) are disposed of properly rather than dumped down the drain. 
These products are generally highly toxic and can severely disrupt 
biological wastewater treatment systems. 
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12- Treated wastewater irrigation 
4. 

ndividual hotels or IIICs that operate wastcwatcr treatment 
plants arc required to dispose of the treated cfnucnt in an Tablc 12- I Required treated wastcwatcr quality ibr irrigation of'unrcstrictcd 
environmentally sound manner: the discharge of evcn high- itnd rcstrictcd access 

quality trcatcd wastewater into the sea is strictly forbidden. 
Given this requirement and the high cost of fresh watcr, the reuse of 
treated wastewater in irrigation offers an ideal solution for effluent 
disposal. If done properly. trcatcd wastewater irrigation can provide an 
ample source of salk and low-cost irrigation watcr that can benefit the 
plants and soil to which it is applied. Ilowcvcr, any property that uses 
trcatcd wastcwatcr irrigation should be fully aware of the potential 
problems and dangers associated with this practice. and takc all necessary 
precautions to ensure the proper performance of the irrigation system 
and niininiizc the risks to human health. 

The principal issues that must be considcrcd when planning, designing 
and operating a trcalcd wastcwatcr irrigation systcm arc discussed bellow. 

I:.filucnt quality ant1 monitoring - The qui~lity rcquircnicnts for any trcatcd 
wastewater that is used for irrigation in a tourism property arc tlciincd 
in 1:gypt's Ihvirotlmcntal 1 . n ~  4412000 and 411004. Thcsc rcquircmcnts 
titkc illto ilccoctnl the tlcgrcc of'puhlic access to the irrigatcil grounds. 
'IIILI i ~ ~ q ) u > c  iigI~tct 1i111ita fLt i i i igdiio~~ %,itcr ihiii is uscd i n  arcas opctl 
to guests i~ntl stc~ll'traflic. 
I'ropcriics tl~ut producc thcir own trcatcd wastewater must rcguli~rly 
monitor thcir irrigation watcr to ensure it ~nccts  the specified quality 
rcquircmcnts. Depending on the size ol'thc facility, this monitoring can 1:iyurc I ?  I Irrigatioo pructiccs sltould uvtbid pondiny 

11I'trcarcd waslcwatcr 

Parameter 

BOD5 
SS 
Free chlorine residual 
Fccal coliform 
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12- Treated wastewater irrigation 

either be done in-house or by an outside contractor who is able to perform 
the necessary laboratory analyses. On the other hand, properties that 
purchase their treated wastewater must make sure that the supplier 
conducts the required quality control tests and is able to guarantee the 
acceptability of the treated effluent 
Application of the treated wastewater - The irrigation water should be 
applied in a manner that minimizes the risk of human contact with the 
treated wastewater. As such, the property should avoid the usc of sprinklers 
and flood irrigation, especially in unrestricted access areas, and give 
preference to emitters or bubblers that apply a controlled amount of water 
directly onto the soil. 
Design of the irrigation system - The design of the irrigation system and 
of its components should take into account the fact that the residual 
suspended solids, bacteria and nutrients contained in treated wastewater 
will obstruct small diameter pipes and orifices by promoting the growth 
of biofilm and sediment buildup. Therefore, irrigation emitters should 
be large enough to minimize clogging problems, and thc inigation lines 
provided with cleanout and blowoff features. 
Training - The wastewater treatment plant opcrators should be trained 
to properly operate the treatment system and monitor its performance 
and the quality of the treated effluent. Gardeners should be trained to 
handle and use the treated wastewater in a way to minimize the potential 
risks to public health and to the environment. 
Safety precautions - The following measures should be used to minimize 
the r isks associated with treated wastewater  i rr igat ion.  

Provide protective gear (e.g., rubber gloves, rubber boots and, if 

necessary, face masks) to the gardeners who operate the irrigation 
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members of' staff. For example, faucets installed on the treated 
wastcwater irrigation system should havc lockitblc or removable handles 
to prevent tampering by guests or stall', 

Irrigation witter needs - A study conducted by RSSTl at four- and five- 
star properties revealed that the volume ol'wastewatcr generated by Red 
Sea coast hotcls is suflicicnt to largely meet the irrigation needs o f a  
fairly substuntial gardcn (the size of the irrigi~tcd grounds in these hotels 
ranged from 100 to 180 m2 per roon~). llotcls that had watcr clficicnt 
gardens and uscd relatively cflicicnt irrigation priicticcs wcrc able to rely 
on treated w;istcwatcr irrigittion during most of the ycar. and had to 
s~~pplcmciit tlicir trcutcd wiistcwatcr supply with fresh wi~tcr only during 
brief pcriotls of very low occupilncy. 

system or may come into contact with the treated wastcwater. 
Ifthc irrigation system is cqilippcd with sprinklers, avoid operating 
them during periods of strong winds. 
Irrigate at night or dawn when guest and staff traffic is at a minimum. 
Irrigate particularly sensitive areas, such as children's playgrounds and 
green areas around swimming pools, with fresh water rather than 

I lowcvcr. this study iilso sl~owcil tliiit propcrtics with inellicient gardcns 
;inti poor irrigation prtictices could vir~ually hccomc cncllcss irrigntion 
willcr sinks. iititl consulne up to seven trttics inore wittcr per squiire mcter 
of irrigiltcd li~ild thitn i111 cllicient hotel. I J I I I ~ S S  their giirdc11~ are extremely 
sinitll. thcsc w;~stcful propcrtics ;Ire unable to inect thcir irrigation needs 
with thc trciitcd elllucnt oftheir witslewator trcitttncnt plants and typicslly 
spend a great deal of money purchasing watcr for their gardens. 

Consumption of Irrigation Water in Red Sea Hotels 

Plant selection and distribution, irrigation technology, and irrigation 
practices have a dramatic effect on the amount of water consumed 
by a garden. This fact is illustrated in the following figure that 
presents the total amount of irrigation water consumed per square 

NOTE N, walar mnaurm(1on tlpufsr lnclula lh Iresled wlrlnwnl"r l h  ~hmt818t water 
nnd nny rllher l y p ~  01 lrtlgnllon walar used ly lh pnpafllsn 

treated wastewater. meter  o f  irrigated garden in several Red Sea hotels 
Make sure the irrigation system can only be operated by authorized 

I:i&urc 10.2 A I I ~ \ I I I ~  C O I I S I I I I I ~ I ~ ( I I I  01' i r r ig i~ l i i~ l~  wilier por 'lqllilrc I I I C ~ C ~  
t,I'irrigi~lc(l s~~rliluc in Hod SCII coilst Ii~~tcls 

-~ 
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13- Graywater irrigation 

raywatcr consists of the lower-strength wastcwatcr that is 
discharged mainly from showers, tubs. bathroom sinks, 
laundry washers, and pool filters, and excludes the high- 
strength wastewater (or blackwatcr) that is discharged from 

toilets, urinals, bidets, and some kitchen and bar drains. As graywater is 
largely free of human and other noxious wastes. it contains fewer suspended 
solids and pathogens than raw wastcwatcr and, therefore, requires a 
minimum amount of treatment bcforc it can be reused for subsurface 
irrigation. 

Including t~ graywater systcm in the design of the property can bring 
important bcnclits. 

Since graywntcr typically accounts ibr 50 to 70% ofthc total volume 
ofraw wastcw:itcr gcncrttcd by it hotel. diverting this llow ibr irrigation 
can rctlucc by half the required hydraulic citpacity orthe wastcwatcr 
trcittmcnt systcm. This in turn ci~n suhsli~ntiully lower the capititl cost 
o f t l~c  wi~stewittcr trcittlncnt systc1n. cspccially i f l l~c properly is planning 
to LISC L ' ~ ~ i ~ l i ~ r i ~ l "  witslcwiilcr IrciiIIncnt systcr~is S L I C ~  its it11 inlcrrnittcnt 
si~ntl liltcr, it11 cvi~l~otr;tnspirit~io~~ system. or it strhst~rlitcc soil itbsorption 
system. 

A gritywiatcr systcn~ c i~n  rctlucc by itlore t l~an 50'Y~ l l ~ c  wilstcwutcr 

dispositl costs in properties that rlttrst 1r;tnsporl their witstcwiltcr by 
truck to an dl'-site trculmcnt p l a ~ ~ t .  I t  also itllows thcsc propcrtics to 
rctlucc either t l ~ c  citptcity and construction cost ol'thcir wastcwatcr 
holding tanks. or the l'rcqucncy at which they must he pumped out. 

I l l -  Ciuidrlines ibr the drsign.conslructio~~ and Operation ol' Sanitation systems 
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13- Graywater irrigation 

Figure 13.1 and 13.2 Cartridge filter and cartridge filter plates 

A graywater system can provide an ample supply of low-cost irrigation 
water to properties that don't operate their own wastewater treatment 
plants and don't have access to treated wastewater for irrigation. 

The valuable nutrients contained in graywater, such as phosphorus and 
potassium, can benefit the plants and reduce the need for synthetic 
fertilizers. 

A graywater collection and irrigation system is relatively simple and 
typically consists of the following elements: 

Piping to convey by gravity the graywater from the sources (e.g.. 

showers, bath tubs, sinks, laundry washers) to the holding tank. The 
design of thc buildings must thcrcforc include separate drainage systems 
for graywatcr and blackwatcr. 
A net bag, or other simple filtration device, installed on the holding 
tank's inlet pipe to remove the larger suspended solids contained in the 

7 
graywater (e.g., hairs, pieces of paper, fabric). 
A holding tank equipped with a vent and an overflow pipe. 
A centrifugal pump to move the graywater from the holding tank to 
the irrigation system. 
A filter (ideally a reusable cartridge filter) to remove the fine suspended 
solids from the graywater before it enters thc irrigation network. 
A network of irrigation pipes and subsurface emitters, which must be 
coarse enough to minimize clogging risks. The simplest form of 
subsurface irrigation system uses a network of perforated pipes to 
distribute the graywater into contoured swales that are filled with mulch. 

7 ~ y l o n  stockings or fine mesh filter bags designed for airless paint sprayers are 
commonly used as net bags for graywater systems 
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The following prccai~tions, recommendations and g~lidclincs should he 
considered when planning and designing a graywatcr systcm. 

Although graywatcr presents a much lower risk than raw wastewater 
or bliickwatcr, it still contains pathogens and must he handled and used 
with proper care. Graywater should never be used ibr ahovc-ground 
irrigation unless i t  has been previously treated to achieve the same 
quality rcquirc~ncnts imposed for treated wastewater irrigation (see 
chapter 12). 
Graywater must he properly filtered to rctnovc the particles that could 
clog the irrigation system (pipes, valves and emitters). I t  is generally 
rccommcndcd to liltcr the graywalcr through a 160-micron reusable 
cartridge liltcr installed on the outlet of the graywatcr pump. 
110 not store the collected graywatcr for long periods oftimc. Stored 
graywatcr turns septic very quickly and should ideally be applied to 
the soil within a 24-hour period. 
Minimize clogging risks by avoiding the use of smell-orifice emitters 
in the irrigiition system. 
Avoiil or rninimizc the use of chemical products thi~t dcgri~dc the qui~lity 
of the irrigi~lion wiltcr (e.g., ~hlorinc and other disinfi.ct;~nts. Inundry 
detergents with high soiliutn or boron content. scc chi~ptcr I I ). 

1)on't C O I I I I C C ~  k i t c l ~ c ~ ~  tlri~ins t l i i ~ t  cilrry ~ioxiot~s W L I S ~ C S  (c.g.. grcilsc. 
oil, liwd pi~rticlcs, blood) to the gritywiltcr collection system. 
()btaui propw gt~ilancc l i~r  ~l ic  i lc~i~~lctl  tlcsig~i ol'thc griiywiitcr irrigation 
system. 
Include ;I dctililctl tlescription ol'thc griiywiitcr collection iu~d irrigiltion 
system in the ItIA t11i11 tnust hc prcscntctl by the property to the I<IAA. 
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14- Character~stics of eco-tounsm properties 

- 

exceptions, eco-tourism properties are typically not luxurious nor meant 
to provide the same level of service and comfort expected from 
conventional tourism hotels. 
Guest activities: The activities offered to the guests in eco-tourism 
properties are centered on the surrounding environment rather than on 
the facility itself (e.g., hiking, desert safari, diving, snorkeling). 

These unique characteristics permeate every aspect of the eco-tourism 
property and, as presented in the follow in^ chapters. also have a profound 
impact on the planning and design of its wastcr and sanitation systems. 
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15- General considerations for the planning and design 
of water and sanitation systems for eco-tourism properties 

nergy nceds - The property should ideally he self-sufficient 
in its cncrgy nccds hut avoid relying on non-rcncwahlc cncrgy 
sources. This goal can he largely achieved by eliminating 
operations th;~t require the use of energy-intensive cquipmcnt, 

using energy ellicicnt technology to mcct essential nccds (c.g., cncrgy 
cllicicnt lighting), and using alternative sources of cnergy (e.g., photovoltaic 
panels, solb~r water heaters. solar ovens. manual or wind-powered water 
pumps). This emphasis o n  minimizing conventional cnergy rcquircmcnts 
shotrld drivc the property to avoid the use of any watcr iind sanitation 
process, technology or equipment that has an cxccssivcly high powcr 
demand. 

Meintcnencc nccds - (iivcn their small size nnd isolation, cco-tourism 

properties will typic;~lly not have ;I qu~~lilicc! maintcnancc workcr on 
st;~fl'or quick ;~cccss to outsicic rnointcn;~ncc service contr:~ctors. As 
such, the property should itlcally rely on systctns and technologies that 
11i1vc hitsic i ~ ~ i ~ i ~ ~ t e n i ~ n c e  i~nd i~~onitoring ne~ds ,  ilnd stock the I I C C ~ S S ~ I ~ ~  

spare  parts  to p ro~np t ly  carry out ; ~ n y  required rcpnirs. 
l~nvi ro t~~~~cnt ; , I  inlpi~ct - 'l'hc design ol'thc water ;~nd si~nit;~tion systcn~ 
must Inkc into i ~ c c o u ~ ~ t  the property's c o n l n ~ i l ~ n c ~ ~ I  lo c~~viron~ncnlaI  
protection i i l ~ t l  the oflicic~~t use ofrcsourccs. 1'rcli.rcncc shoultl thcrclbrc 
he given to systclns thi~t tlu not g c ~ ~ c ~ . i ~ t c  potcntii~lly prohlc~ni~tic wiistc 
strcilms (c.g.. thc hli~ckwi~tcr goncri~tctl hy flush toilets ant1 the brine 
protluced hy ;In I(() ~ I ~ I I I I )  i111d illlow tllc property to 111ect its watcr and 
s;initation nceds in the sin~plcst ant1 tnost ni~turiil inanncr possible. 
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16- Guidelines for the planning and design of water 
systems for eco-tourism properties 

atcr conscrvation - llco-tourism properties must pay particular 
attention to watcr conscrvation, not only because of the 
probable high cost ofwatcr but also to fulfill thcir commitment 
to the efficient use of resources. llowever, given the special 

nature of cco-tourism and of its clientele, thcsc propcrties have the 
opportunity to go f i~r  beyond the standard watcr conscrvation measures 
used by conventional hotels (see chapters 3 and 4). Some examples of 
watcr conscrvation mcasurcs and strategies that have been adopted by 
cco-tourism properties arc presented bclow. 

Use cornposting toilets to eliminate the nccd for flush watcr and the 
generation ol'blackwatcr (i.e., wastcwatcr cont~~ining human wastes). 
Conventional flush toilets typically account for more than 30% of the 
do~ncstic wiitcr co~ i s~~~~ip t ion ;  thus, eliminating thcir use will signilicantly 
rcducc thc property's watcr nccds. 
llsc high-cllicicncy plulnhing lixturcs (c.g.. 2 or 4 l i tcrlmi~i~~tc lhucct 
;icriltors. and 6 litcrlminutc low-llow sliowcrhcads). 
I(li~nin;ltc the need to process linen hy Iiavinp gucsts w e  their own 

sleeping hags i~nil rowels. 
Kcup the size of grccn itrcns to ;I rnirli~num it]  order to rcducc wittcr 
C I I I I S ~ I ~ I I ~ I I ~ O I I  iilld, ifi~pplicablc, i ~ v o i ~ l  i11tcr111p the nature 01 the s ~ t c .  
llsc prilywiitcr irrigi~tion to rcclucc water ccinsu~nption and sicnplify 
the rcquirctl wi~stcwatcr  trci~tnicnt andlor tlisposul system. 
'l 'n~in the sti~lf'on how to priicticc wictcr conservation in thcir daily 
operations. 
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16- Guidelines for the planning and design of water systems for eco-tourism properties 
- ~p -. ~ . . ~-~ 

Provide adequate maintenance to the water system. The property should 
keep in mind that even simple technologies and systems need proper 
maintenance and monitoring. 
Monitor water consumption versus occupancy in order to track the 
water efficiency of the property and identify leaks and other problems. 

The extent to which some of these practices can be adopted will obviously 
depend on the level of comfort the property wishes to offer to its guests. 
However, the more rustic properties should have few limitations in 
applying these and other innovattve water conservation measures. 

Water needs - Given that a typical eco-tourism property has no swimming 
pool and decorative water features, only basic food preparation and 
housekeeping operations, and water efficient bathrooms, its per capita 
water consumption should be much lower than that of a conventional 
hotel. The water consumption should typically vary between 100 and 
200 liters per person per day (i.e., counting staff and guests) depending 
on the type and the effectiveness of the water conservation measures 
implemented by thc property. 

Water source - 
Direct connection to a water supply pipeline - Drawing water from an 
existing pipeline is an ideal solution for any tourism property. However, 
given that most eco-tourism properties are located in remote areas, it 
is highly unlikely that many will be able to even consider the possible 
application of this option. 
Well or spring - The eco-tourism properties that are centered around 
natural water sources, such as wells or springs, may be able to use 
them to meet their water needs at low cost. However, these properties 
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16- C;uidclincs fix t l~c  pl;inniny and design ofwatcr systcms for cco-tourism prupcrtics 

will havc to pay pcirticular attention to watcr conservation and ensure 
that thcir watcr demands do not harm the sustainability of thc  watcr 
sourcc. 

If the watcr drawn from the sourcc docs not meet the chemical and 
bactcriological quality rcquircmcnts imposcd by TDA. it may bc possible 
to use this watcr for general sanitary applications (c.g., showering and 
cleaning) aficr it hits been properly disinfected. However. it should never 
be uscd for human consumption unless i t  is fully treated to cnsurc it 
meets all chcmical and bactcriological quality rcquircmcnts. 

Trucked watcr - 'Tanker trucks will be in many cases the best option 
for supplying watcr to a property that docs not havc access to a spring, 
well or othcr sourcc of water. Although trucked watcr is generally 
cxpcnsivc (transportation can more than double the cost of watcr), this 
option will lice the property from the costs. cncrgy nccds, trouble and 
rcsponsibility c~ssociatcd with the operation of an on-site RO plant. 
Rcvcrsc osmosis (RO) plant - Ijecause of thcir strict maintenance and 
operating rcquirctncnts, brine disposal nccds. and high cncrgy 
consumption, R O  plnnts arc typicnlly not suited for cco-toc~rism projects. 
KO plants should be consitlcrcd only by the properties that havc no 
othcr pr;~cticol option to ~ncct thcir wittcr needs. 
Polable wittcr supply - llnlcss the property is ithlc to guarantee that its 
sourcc provides walcr of poti~blc quality ctntl prevent its conlamination 
tluriny sloriigc i~nd distribution. i t  will need to purchusc bottled watcr 
or. possibly. trsc a "point-of-use" (I'OU) trcc~tmcnt system to produce 
its own potable water. 'l'hc cxact composition of thc I'OlJ system will 
vary ilcpcnding on the quality of the  available feed water. Ilowever. 
since i t  will be uscd only to producc the potable watcr consumed by 

-- - - 

1V- Water and sanitation ~ystrms (ijr coastal and desert eco-lourism properties 
66 



16- Guidelines for the planning and design of water systems for eco-tourism properties 

guests and staff, the POU system will be small and simple to operate, 
and have a low energy demand. 

Water pressurization system - 
No pressurization system - A very rustic property could altogether 
avoid the need for a water pressurization and distribution system by 
using a hand pump to draw water from an underground storage tank, 
and transporting the water to the point of use with pails or other suitable 
containers. 
Gravity pressure system - Since a gravity pressure system is easy to 
operate and maintain, and has low and intermittent energy requirements 
(see chapter 7), it is an ideal solution for supplying pressurized water 
to an eco-tourism property. The pressure provided by the system can 
be very low (less than 0.4 bar at ground level) and can be obtained by 
a locating the elevated storage tank above one of the buildings, on a 
small water tower, or on a nearby rise in the land. The pump used to 
lift the water to the storage tank should ideally be powered by a 
renewable energy source (e.g., an electric pump powered by a 
photovoltaic panel, an elcctric pump powered by a wind turbine, a 
mechanical wind pump). If water is supplied by a tanker truck that is 
equipped with a pump, the water should be pumped directly from the 
tanker truck to the elevated storage tank and thereby free the property 
from the need to operate its own pump. 
Hydropneumatic system -Although hydropneumatic systems are simple 
in design, maintenance and operation (see chapter 7), they have a few 
drawbacks that affect their potential use in eco-tourism properties. 

- Since the volume of water stored in the pressure tanks is low, the 

system's pump must operate at regular intervals and thus requires a 
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constant source of  cncrgy (c.g., batteries or a generator that is able to 
operate at any time ofthc day or night). 

- The prcssure generated by a hydropncumatic systcm typically ranges 
from 2 to 4 bars. The capacity and cncrgy consumption of the system's 
pump is therefore much greater than that of a low-pressure gravity 
systcm. 

- Thc higher prcssurc gcncratcd by a hydropncumatic system increases 
the volume of watcr consumed by Pducets and showerheads, and the 
loss of watcr through leaks. 

Water distribution systcm - The design of the water distribution systcm 
should be simple and compact in order to minimize pressure and leakage 
losses. The typical strategy used to achieve this objective consists of 
grouping toycthcr the points of watcr use in only a lkw areas of the 
property (c.g., a ccntral hi~throom instead of individual bathrooms in 
cvcry cottage). If the watcr is supplied by ;I low-pressure gravity systcm, 
thc elevated storage tank should idcally be located close to the point of 
watcr use. 
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17- Guidelines for the planning and design of 
sanitation systems for eco-tourism properties 

raywatcr irrigation -An cco-tourism propcrty should idcally 
collect all its graywatcr and reuse it for subsurface irrigation 
(see chapter 13). Graywater irrigation will greatly simplify 
the property's wastcwatcr management systcm and eliminate 

the use of fresh water ibr irrigation. 
Thc irrigation systcm should be as simple as possiblc and should ideally 
rely on gravity, rather than 21 pump, to convey the graywatcr from the 
collection tank to the green areas. 

('omposting toilets -The use of composting toilcts otTcrs many bcnclits 
and is by far the best solution for managing human wastcs at an eco- 
tourism propcrty. 

- Cornposting toilcts do not use water and thereby produce no blackwater 
( i . ~ . .  wastcwatcr containing human wastes). 1\11 of the wastcwatcr 
gcncratcd by a propcrty equipped with composting toilcts consists of 
graywatcr. which requires only ;I minimum ;rmount of treatment before 
it  ctcn he used li)r suhsurfi~cc irrigation. 'The use of composting toilets 
c i~n t11crcli)rc completely eliminate the nceil for builtling a wastewater 
trcictmcnl ;cntl/or tlisposal systcn~ at the propcrty. 

- ('di1ipo:;tiny toilct:; u:;c no water :tnti !:igni!icantly rci l~~cc the property's 
wiltcr nccds and costs. 

- A cc~~nposting toilct system has ininimnl cncrgy nccds. 'The cxhaust 
Bn is thc only feature ofthe system that co~isumcs cncrgy. and i t  can 
readily hc operated from a photovoltaic panel cquippcd with a small 
hattery puck. 

What is a Composting Toilet? 
A composting toilct system is designed to contain and 
control the composting of human waste. Unlike 
a conventional flush toilet that is connected to 
a wastewater treatment system, a composting toilet 
uses no water (or a minimum amount of water) and 
therefore the decomposition of the wastes is carried 
out in unsaturated conditions (i.e., not immersed in 
water) by naturally occurring bacteria and fungi. 
A composting toilct breaks down the waste to I0 - 
30% of its original volume. The end product of this 
decomposition is a stable and safe soil-like material 
(compost). which has no unpleasant odor and is an 
cxccllcnt soil conditioner. 
('omposting toilct systems arc generally cquippcd with 
u ventilntion system. which draws air down the toilct. 
into thc compost chamher and out through an cxhaust 
pipe (chimney). thereby cli~ninuting odors in the toilet 
room. 'l 'h~s vcntrlut~on also cerrles eway molstilrc from 
the compost pile icnd icssists in its i~crat ion.  
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Figure 17.1 Composting toilet system showing the toilet, the waste 
chute, the reactor and the ventilation pipe (www.sun-mar.com) 

- Composting toilets should not be confused with pit latrines: they are 
hygienic, do not generate odors, and are not aesthetically offensive. 

- The maintenance requirements for composting toilets are minimal and 
simple. 

- Composting toilets transform wastes into a stable and safe soil-like 
material (compost), which is removed from the base of the reactor only 
after it has been fully decomposed. The resulting compost is an excellent 
soil conditioner. 

Flush toilets - Flush toilets increase water consumption and gcncrate 
a liquid waste, which must then be handled through an appropriate 
wastewater treatment system. They have many drawbacks compared 
to composting toilets, and should ideally not be used in eco-tourism 
properties. 
Blackwater treatment andlor disposal -Any property that uses flush 
toilets will need to build a blackwater treatment andlor disposal system. 
In order to minimize the property's maintenance and energy load, the 
selected system should be as simple as possible and have no (or very 
low) energy requirements. The blackwater management options that 
are best suited to eco-tourism properties include: 

- Collecting the blackwater in a watertight holding tank and transporting 
it by tanker truck to an off-site treatment plant. 

- Pre-treating the blackwater through a septic tank and discharging the 
settled effluent to a subsuface absorption system or an evapotranspiration 
bed (see chapter 10). 

- Pre-heating the blackwater through a septic tank, discharging the settled 
eMuent to an intermittent sand filter, and reusing the treated effluent 
for irrigation (see chapter 10). 
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