The applicability of the Waterharmonica
concept in rural Suriname

A case study at the orphanage Leliendaal

PART I

B.Sc. Internship report by Tjalling Jasper Vlieg
August 2010

Irrigation and Water Engineering Group

WAGENINGEN UNIVERSITY
WAGENINGEN NN

world Q

waternet







The applicability of the Waterharmonica
concept in rural Suriname

A case study at the orphanage Leliendaal

Bachelor Internship submitted in partial fulfilment of the degree of Bachelor of Science in International
Land and Water Management at Wageningen University, the Netherlands

world a

waternet*

WAGENINGEMN UNIVERSITEIT

“ WAGERIRKGER IR

B.Sc Internship Tjalling Jasper Vlieg

IWE-70824 International Land and Watermanagement
August 2010 880318898030

Supervisor(s):

Eugenia Uiterloo, directress National Women’s Movement (NVB), Suriname
Jan Koedood, Policy Director Waternet, Amsterdam

Dr. Ir. Frans Huibers, IWE, Wageningen University

Cover photograph: T. J. Vlieg, 2010, The orphanage Leliendaal, Suriname.






Summary

This report analyses the applicability of the Waterharmonica concept on a community level
for domestic wastewater treatment to reach water security in Commewijne, Suriname. The
Waterharmonica concept advocates the application of eco-engineered wastewater treatment
systems. The horizontal subsurface flow constructed wetland, as being an eco-engineered
wastewater treatment system, has high potential for developing countries, because of its low
costs, low O&M, easy to learn O&M, low or non energy requirement, natural appearance, and
potential for beneficial (re)use.

To reach the research objective the required knowledge has been obtained from literature
study and experiences that were gained from a four month internship with the National
Women’s Movement in Suriname. A case study was conducted at the orphanage Leliendaal.
During the initial phase of the internship a workshop on the community level management of
wastewater was organized in which the case of the orphanage Leliendaal was studied. This
workshop was, next to its function of raising awareness and providing information on
wastewater treatment as described in the Waterharmonica concept, fundamental for the
further research on the applicability of the Waterharmonica concept. The workshop gave an
insight in the perception of a Surinamese skilled part of the society and laid the base for a
social network. Semi-structured interviews and field observations resulted in the assessment
of the situation, problems and desires perceived by the local stakeholders of the orphanage.
After describing the case of the orphanage Leliendaal this report proposes several solutions
that have the potential of solving the local problems of water shortage and the disposal of
insufficiently treated domestic wastewater. The Waterharmonica concept is represented by
implementation of the HFCW that is designed to suit the local conditions and to provide
sufficiently treated domestic wastewater for the purpose of toilet flushing, ornamental flower
production, irrigation, aquaculture, surface water replenishment and ground water recharge.
The utilization of the treated wastewater for these purposes are believed to be appropriately
applicabile if financial investment is taken care of by external funders, and if intensive social
investment to educate and convince local stakeholders is an effort that the project members
are willing to make.
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|1 Background |

I 1.1 National Women’s Movement (NVB) and World Waternet

The National Women’s Movement of Suriname (NVB) is founded on june 16,
1982 in Paramaribo. Since its foundation the NGO aims on developing a strong
insight in the situation of women and the existing gender relations in the
Surinamese society. The focus of the social oriented NVB is on the practical and
theoretical base of women position and activities in society, with the final aim to
increase the capacity of women and their organizations. The NVB does this by
working on the equality between man and wife; the stimulation of self-
initiative; the promotion of sustainable development for the interior; the

increase of productivity to decrease poverty; and the development and
strengthening of social justice in the society as a whole. In practice this means that the organization carries out
projects that support female micro entrepeneurs; that stimulate women in non-traditional professions; that
build capacity for women organizations; that improve the knowledge on, and the carrying out of women rights;
that promote hygienic conditions of living for health (water and sanitation); and that helps to establish proper
housing for women (NVB, 2009).

World Waternet is a foundation that is a separate

part of the Dutch company Waternet. Waternet was Id

founded in 2006 as a merge of several Dutch water wor ’
companies, and is the first company in The waternet . v
Netherlands that combines all water services under

one roof: drinking water, wastewater, surface water and safety behind dikes. Waternet’s work activities are in
and around the Amsterdam area. World Waternet bundles the international activities of Waternet’s
predecessors in a separate foundation with the aim of utilizing the integrated water knowledge internationally.
To reach this aim World Waternet makes use of the 1% workforce of Waternet that is made available for
international projects. Waternet thus is the Dutch water cycle company of Amsterdam, and World Waternet is
the international autonomous water foundation that has personnel agreements with Waternet. World
Waternet’s aim is on foreign countries that are experiencing problems within their water cycle and the
management of water. These problems occur in the field of sewerage, wastewater, wastewater purification
and the managing of soil and surface water. Because these problems mutually relate to each other and relate
to the quality of human life World Waternet wants to apply an integrated approach. This integral and
sustainable approach is a means of coping with the growing water crisis in the world. Long-term teamwork with
local water operators, municipalities, universities, engineering agencies, technology supplies and financers is
used as the base for facing the growing water crisis. The foundation’s objective of the partnership is to make
the local organizations independent so they can rely on themselves, because the locals are the key to
successful development (World Waternet, 2009).

The NVB and World Waternet are, in the context of the Integrated Support for a Sustainable Urban
Environment 2 (ISSUE 2), performing a water and sanitation project in the interior as well as in the coastal zone
of Suriname. The ISSUE 2 programme is a global programme which addresses the United Nations Millennium
Development Goals (MDG) of poverty alleviation through improved sanitation and solid waste management
(NVB, 2008). This research report is the result of the shared goal of the NVB and World Waternet to research
the potential of wastewater treatment and (re)use in Suriname by performing a case study at the orphanage
Leliendaal, Commewijne.



|2 Introduction and research objectives

I 2.1 Introduction

The 7™ Millenium Development Goal describes the objective to ensure environmental sustainability. To achieve
this goal the UN and its partners have targeted to half, by 2015, the proportion of the population without
sustainable access to safe drinking water and basic sanitation (UN 2009). Water use is growing more than twice
as fast as population growth and although currently there is not (yet) a global water shortage, pressure on
scarce fresh water resources is increasing (UN 2008). In 2006, worldwide 884 million people were in need of a
reliable water source that was reasonably protected from contamination, and 2.5 billion people lacked proper
sanitation (UN 2009). In that same year on average 92% of the Surinamese population used improved drinking
water sources (UNICEF 2010). As defined by the UN this is the part of the population that has access to at least
20 liters a person a day from an improved water source within 1 kilometer of the dwelling. The 92% that used
improved drinking water sources can be subdivided in urban and rural improved drinking water users, of which
respectively 97% and 79% used improved drinking water sources in 2006. Assuming the figures from 2006
reasonably represent the current situation of Suriname it can be stated that in general the urban improved
drinking water situation is clearly better than the rural situation. Next to the drinking water concerns, the
situation with respect to sanitation is also a serious concern, because in 2006 on average 18% of the
Surinamese population lacked improved sanitation facilities. 11% Of the urban population experiences this
lack, and as many as 40% of the rural population is in need of proper sanitation facilities. Improved sanitation
facilities are referred to as adequate excreta disposal facilities that can effectively prevent human, animal, and
insect contact with excreta (UNICEF 2010). The absence of access to improved drinking water and the lack of
proper sanitation, for especially a part of the rural inhabitants of Suriname, cause a significant share of the
Surinamese population to be exposed to an increased risk of diarrheal diseases, cholera, worm infestations,
hepatitis and related diseases.

To address the problems related to household water use in rural Suriname the NVB and World Waternet are, in
the context of the Integrated Support for a Sustainable Urban Environment 2 (ISSUE 2), performing a water and
sanitation project in the interior as well as in the coastal zone of Suriname. The ISSUE 2 programme is a global
programme which addresses the United Nations Millennium Development Goals (MDG) of poverty alleviation
through improved sanitation and solid waste management (NVB, 2008). To tackle the drinking water and
sanitation issues that affect human and environmental health insight and understanding is required at different
levels, such as national, regional, community and household. Within these levels every activity or event that
involves water has its place in the water cycle. As a part of the programme on water and sanitation the NVB
and World Waternet currently are making effort to find an appropriate domestic wastewater treatment
technology for household and community level in Suriname that is low-cost, reliable, and easy to operate and
maintain. In practice this means that within the water and sanitation project, focus is given to baseline studies
and researching the applicability of the Waterharmonica concept.

This research will focus on the community and household level by addressing the current water and sanitation
situation, the perceived problems, the desires of the stakeholders, and their perception of possible solutions.
Subsequently different solutions will be projected on the studied case in Suriname. The features and
implications of each solution will be given in economical, environmental, social and technological terms. Special
attention will be given to the potential of the Waterharmonica concept shaped by an ecological engineered
wastewater treatment system: the horizontal subsurface flow constructed wetland (HFCW). The results
presented in this report will add to the pursue of improved domestic wastewater management on a community
and household level in rural Suriname.
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I 2.2 Research objectives

The NVB, in cooperation with World Waternet, has the aim to improve the living conditions of the Surinamese
population. The effects of polluted drinking water, bad or no sanitation facilities and the absence of
wastewater management on human health have resulted in this research to be scoped on domestic
wastewater management at a community level. The main objective of this research is

‘To investigate from a technological, environmental, social and economical perspective if the Waterharmonica
concept can be applied on a community level for domestic wastewater treatment to reach water security in
Commewijne, Suriname.’

The findings and recommendations of this research will be used by the NVB as a base for the implementation
and development of possible solutions offered by the Waterharmonica concept.

I 2.3 Research questions

To reach the objective the main question that should be answered is: What is the feasibility of the
Waterharmonica concept for domestic wastewater treatment in technological, social, environmental and
economical terms on a community level in Commewijne, Suriname?

This research question requires answering sub-research questions which relate to the current situation with its
problems, the desired situation, the required transformation (solutions) and the role of stakeholder acceptance
in relation to possible solutions.

1. The sub-questions that aim to describe the current situation with respect to (waste)water management at
the location of research are:

a. What is/are the source(s) of fresh water?
b. How is the transport, storage and discharge of water arranged (water infrastructure)?

c. What is the average daily water use per capita? And what are the daily amounts of black and grey
water in which this results?

d. What is the current quality of the water that is used?
e. What is the quality of the wastewater that is produced?
f. What type of wastewater treatment is applied?

g. What is the effluent quality after treatment of the wastewater in the present wastewater treatment
system(s)?

h. What is the required quality, as pointed out by the Surinamese government, for drinking water,
irrigation water, toilet flushing water and ‘in nature disposed wastewater’?

2. In line with addressing the current water management situation the next step is to analyze the problems and
the desires as perceived by the stakeholders. This results in the following socially oriented sub-questions:

a. Who are the stakeholders?
b. How are the stakeholders involved in the water cycle?

c. How do the different stakeholders interrelate?

11



d. How do the stakeholders perceive the role of water? The emphasis of this research on water and
sanitation requires special focus on the stakeholder perceived relation between water and health,
water and environment, and their mutual relations.

e. What's the stakeholders opinion on the(ir) current water management?
f. What is/are the water problems perceived by the stakeholders?
g. What is/are the desires of the stakeholders?

3. As a contribution to fulfilling the desires of the stakeholders, the potential that the Waterharmonica concept
has to offer in the form of a horizontal subsurface flow constructed wetland (HFCW) can be researched by

questioning:
a. What is the Waterharmonica concept?
b. What is a HFCW and how does it function?
c. Can the HFCW perform the required treatment?

d. What are the technical and social/organizational boundary conditions that need to be fulfilled for
proper functioning?

e. How can these boundary conditions be reached so that the system properly functions and will be
accepted by potential users?

f. What are the costs and benefits? How is this in comparison to other possible measures?

12



3 Methodology

This report is the result of an internship of four months, executed at the NVB in Suriname, supported by the
Dutch foundation World Waternet. The research is qualitative diagnostic with the aim to add to the pursue of
improved domestic wastewater management on a community and household level in rural Suriname. During
the research period information is pursued by literature study, the organizing and performing of a workshop,
field observations and assessments, and stakeholder interviews. In the initial phase of the research a base for a
social network was laid and local information was obtained by the involvement in a workshop on wastewater
management organized by the NVB, World Waternet, WASTE and the Anton de Kom (AdeK) University of
Paramaribo. The participants of this workshop consisted of a good representation of skilled Surinamese people:
students (AdeK University and MULO); district commissioners; official from the Ministry of Public Works and
the Ministry of Labor, Technological development and Environment; tourist agencies and resorts; the
Surinamese Water Company (SWM); and nature development organizations (PART II: workshop). The workshop
thus did not only have a function of raising awareness and providing information on wastewater treatment
conceptualized by the Waterharmonica concept, but also is fundamental for this research. Insight in the
national organization of water and sanitation was gained by cooperation with the NVB, AdeK University and
several Ministries. The experience and social network of the NVB and the AdeK University was utilized to select
a location for research: the orphanage Leliendaal situated in the district Commewijne. The most important
selection criteria for this location were that the local people should be willing to cooperate (be interviewed,
allow field observations), the location preferably should be non-commercial to fit in the social work objectives
of the NVB, and obviously the location should be expected to experience problems with water and sanitation
that require research. Subsequently during field visits the area of research was observed and assessments of
the situation were made. In consultation with the NVB and World Waternet important parties to be semi-
structured interviewed were selected. Most importantly this was the staff of the orphanage, represented by
the couple Harold and Christine Diran, but also other local stakeholders, experts and government officials were
interviewed. These research activities resulted in a clear mapping of the local present physical water system
and insight in the domestic activities and problems that involve water. The residents of the orphanage
Leliendaal during the conversations informed about their perception of this research, their expectations and
their desired outcome. By that means the conversations with the local stakeholders provided an understanding
of the culture, habits, restrictions, desires and about the changes that would definitely not be accepted.

A literature study on water and sanitation, and more explicitly on horizontal subsurface flow constructed
wetlands, was carried out by studying books, scientific journal articles, information material of global institutes,
and the internship report of a senior fellow student from The Netherlands. Also information about Surinamese
history was obtained from travel guides and conversations with experienced colleagues at the NVB in favour of
understanding the current diverse population of Suriname and its cultural habits.

13



|4 Theoretical background

I 4.1 Definitions

The base of this research is formed by multiple definitions that need to be clearly described.

Waterharmonica concept ‘aims at implementing eco-engineered water treatment systems such as constructed
wetlands subsequent to current wastewater treatment plants. These eco-engineered systems could form a
natural post treatment system of the effluent, bridging the quality gap between effluents and surface water’
(STOWA, 2005 pp. III).

Constructed wetlands as being eco-engineered wastewater treatment system as described in the
Waterharmonica concept are generally referred to as ‘designed and man-made systems which are aimed at
simulating the treatment that has been observed to take place when polluted water is let into naturally
occurring wetlands’ (Cooper et al., 1996 pp. 2).

Horizontal subsurface flow constructed wetlands are called horizontal because the wastewater is fed at the
inlet (distributor) and flows slowly through the bed in a horizontal path until it reaches the outlet zone where it
is collected before leaving via the level control arrangement at the outlet (Cooper et al., 1996). Primary treated
wastewater is led into the wetland through surface or subsurface drainage pipes where it infiltrates the sandy
or gravely medium and is purified by natural treatment processes (STOWA, 2005). The HFCW is build up by a
waterproof basin, filter material, wetland plants, and inlet and outlet structures.

Domestic wastewater is liquid waste that is discharged by households and commercial activities. It contains
used water: black and grey wastewater (WHO, 2006A). Domestic wastewater contains pathogens that can form
a threat to the public health or the environment. It does not contain industrial effluent at levels that can form a
threat to the functioning of the sewerage system, treatment plant, public health or the environment (WHO,
2006A). Domestic wastewater can be treated to the purpose of drinking, irrigation, toilet flushing, fertilization,
aquaculture, surface water replenishment and groundwater recharge (Juwarkar et al., 1995; NEERI & Unicef,
2007; Winward, 2007). In Suriname the latter two are of main importance for the supply of drinking water
(Stuart, 2010).

Black wastewater is the water that has been used for the toilet and/or urinal, and thus is polluted with human
faeces. Water that is polluted with animal excreta is also considered as black wastewaster (NWP, 2006a).

Grey wastewater is household wastewater originating from bathing, cloth washing, and kitchen use. It
generally does not contain significant concentrations of feaces, which makes it different from black wastewater
(WHO, 2006a).

Water security ‘involves the sustainable use and protection of water systems, the protection against water
related hazards (floods and droughts), the sustainable development of water resources and the
safeguarding of (access to) water functions and services for humans and the environment’ (UNESCO-IHE, 2007

pp. 1).

Sanitation is defined as ‘the collection, transport, treatment, and disposal or reuse of human excreta or
domestic waste water, whether through collective systems or by installations serving a single household or
undertaking’ (UN, 1999).

14



Stakeholder perception refers to the opinion of the people that have stake in a development process. The
stakeholder perception is a consequence of the stakeholder’s characteristics and the characteristics of the
information supplying environment. Perception leads to a stakeholder’s attitude towards certain matters.

Acceptance in a technological context is referred to as the behavioural intention to use a new technology
(Holden & Karsh, 2010). More generally acceptance can be defined as a reflection of the actual intentions of a
decision making unit to adopt a new idea, process or technology.

Sustainability is defined as ‘development that meets the needs of the present without compromising the ability
of future generations to meet their own needs’ (WCED, 1987).

Self-reliance refers to the capability of a person to rely on its own resources to obtain his/her daily needs.
Other than within the definition of self-sufficiency the person does not has to generate the required good, but
can also purchase it by trade.

Beneficial uses are ‘the many ways water can be used, either by people, or for their overall benefit. Examples

include municipal water supply, agriculture and industrial applications, navigation, fish and wildlife, and water
contact recreation’ (Metcalf & Eddy, 2004).

15



I 4.2 The Waterharmonica concept

‘The Waterharmonica was conceptualised by Claassen (Claassen, 1996) as part of a contest
on innovative aspects of future management strategies, set out by the Dutch Foundation for
Applied Water Research (STOWA). STOWA considered the Waterharmonica concept as a very

promising approach for improved management of wastewaters and awarded it a prize.

The Waterharmonica aims at implementing eco-engineered water treatment systems such as
constructed wetlands subsequent to current wastewater treatment plants. These eco-
engineered systems could form a natural post treatment system of the effluent, bridging the
quality gap between effluents and surface water’ (STOWA, 2005 pp III).

/4

been stressed in the Waterharmonica concept (STOWA, 2005). Bridging the quality gap between effluent and

N~
The potentials of ecological engineering for the utilization of wastewater and closing the nutrient loop have

the required water quality of the receiving water (or other end-purpose) is part of a perspective that creates
possibilities instead of problems, which even in so called ‘developed Europe’ are not yet fully exploited. Figure
1 visualizes the Waterharmonica concept. An ecological engineered water treatment system like constructed
wetlands can bridge the quality
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expected worldwide fresh water shortage (STOWA 2005) and the global food insecurity (FAO, 2009) the
Waterharmonica concept thus can play a relevant role in dealing with water shortages and closing the nutrient
cycle. The Waterharmonica concept says that wastewater needs to be considered as a part of the nutrient cycle
and requires people to act accordingly. If not the consequence of disposal of insufficiently treated waste and/or
wastewater are losses of nutrients, environmental problems which have to be solved, and human health
problems which have to be solved. Wastewater, with all nutrients in it, should be perceived as a source instead
of as a useless remainder. So when applying this knowledge on the treatment of wastewater the strength lies
in the combination of purification and reuse purposes of the wastewater.
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Separated flows. The strength of the Waterharmonica concept is best expressed when black, grey- and rain
water is separated from each other as much as possible (Kampf, 2009¢c; STOWA, 2005). If engineered properly,
handling each of these flows separately amongst others can result in a less costly treatment process, lower
fertilizer needs, decrease in water use and the possibility for selling manure (Kampf, 2003). Last two mentioned
advantages do in special count when black water is substituted by solid black waste due to the use of dry toilets
instead of flush toilets. Absorbing Western water habits that are mainly based on high consumption of water
without taking the treatment of the wastewater in consideration leads black waste to be diluted in all other
kinds of water. The adding of grey water and rain water makes that a higher volume will be contamined with
feaces. In each different situation the question should be raised ‘Is it useful to make use of water for defecation
and thereby create black wastewater?’. It has been shown, amongst others by the work of the NVB in the
interior of Suriname that ecological sanitation by urine diverting toilets does not create black wastewater and
instead creates black waste which can be composted and reused. So a review on Western habits and
techniques can be very valuable and can lead to more sustainable acting. Similarly in Suriname much of the
black water is mixed with grey and/or rain water. More water has to be treated for purification and the
precious nutrients, which are most present in the black wastewater, will be diffused over more water. Because
of their harmful concentrations of pollutants, it is of importance that both black and grey wastewater is treated
before discharge or reuse. Properly engineered separated treatment will result in an efficient and effective
treatment of wastewater and subsequent an appropriate condition for (re)use (Kampf, 2003).

Technical and social. Solutions applicable to wastewater problems contain technical and social aspects. The
conditions in which a designed system for the treatment of wastewater will be embedded imply the boundaries
and opportunities for the success of the system. Instead of only thinking of constructing, operating and
maintenance there has to be explicit attention for and cooperation with the social structures on location. A
term that describes a strength that has to be maximally pursued is ‘self-help’. ‘Self-help’ means that a person
can bring required activities to practice and that this person can also improve oneself without the help from
others. To attain this, solutions should as much as possible be developed from and based on local knowledge,
traditional customs and habits. The stakeholders should be given the opportunity to make choices and think
about how to deal with their responsibilities with regard to the new system (Kampf, 2003). A sense of
ownership can be created by helping to create conditions for development based on the needs, interests and
potentials of the stakeholders. In this context it is advisable that the stakeholders should be informed well
about implications of the system.

I 4.2.1 Kenya: a Waterharmonica concept application

This paragraph describes an example of a Waterharmonica conceptualized project in a developing country. This
case of practicing the Waterharmonica concept has been presented by Ruud Kampf during the workshop on
wastewater management given on the 23th, 24™ and 26™ of Novembre 2009 in Paramaribo (PART 1l, 2010).

The project at the Shimo la Tewa Prison in Mombasa, Kenia, shows the potentials of reuse of nutrients. This
project is an example of looking at remainders of all kinds of human activities as an element that can be reused
for all kinds of benefits. The aim of this project is the ‘integration of agriculture and sanitation in the Boys
Prison to support a novel but old-fashioned Ecosan approach’ (Kampf 2009b). The link between agriculture and
sanitation that has been placed in this quote expresses the value of the project in which stimulation of
agricultural activity and improving sanitary conditions are central. The agricultural activities, practiced by a
selection of the 300 boys in prison, are crop cultivation and keeping cattle. Starting from the demand for
nutrients and the loss of nutrients when there is not taken care of the waste, the engineering of the project
required ecosanitation and ecological engineering principles. The waste and wastewater flows therefore are
separated in such way that proper treatment and further (re)use can be optimized for the closing of the
nutrient cycle. The total available water for the Boys prison consists of rain water and water supply. The
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awareness that ‘waste is only a waste, when you consider it to be a waste’ is a key factor (Kampf, 2009b). The
black wastewater, a part of the yellow water (urine), the grey kitchen wastewater and the grey shower
wastewater are all separated and fulfill a task in the effort to close the nutrient cycle. Figure 2 shows the
different ways these flows are led and how they are engineered.
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Figure 2. Sanitation pilot project Shimo la Tewa Boys prison, Kenia: Closing the nutrient cycle — process scheme. (Kampf
2009b)

For the production of biogas the black wastewater first is digested in the first digester, second the remainders
of this digestion are together with the cow manure digested in the second digester. The function of the
remainder of the first digestion is to be a source of water. Eventual adding water for digestion is also possible.
After digestion the residue can be composted together with sieved kitchen waste and used for fertilization or
to grow worms and insects. The kitchen wastewater, which also is part of the grey wastewater, will be for
irrigation purposes to stimulate growth of banana plants. The worms and insects can be used as feed for
chicken and fish. Urine from the urinals can separately be processed. Dilution of the urine with water is
required before using it as a fertilizer. Excess urine is added to the black wastewater flow. A high level of
ecological engineering is applied in the grey wastewater flow from showers and cloth washing. An ecological
wastewater treatment plant is required to bridge the quality gap between this grey wastewater and the
required quality of the water. In this case the quality requirement is to be suitable for fish breeding. To reach
this quality the water is treated in a constructed wetland. In the fish ponds, fish as well as algae, can be grown
and excess water can be used for irrigation. After a slow start the project is now in progress and ongoing
(Kampf 2009b).

Social environment. In favor of a constructive comparison with cases in Suriname it is of importance to note
the special social condition in which the project at the Shimo la Tewa Boys Prison has been carried out. A new
system that requires participation and investment of work and mind, of course, has high interest in an
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environment that provides in these factors. The Shimo la Tewa Boys Prison, or also called Borstal Institute, puts
substantial time in education and the practicing of work activities for the boy prisoners. These conditions are of
high value for the succeeding of the project and therefore the Boys Prison is a good environment for this
project. Precisely because of this exceptional environment it is of importance to act with great care when an
effort is made to project the Waterharmonica concept on a non-prisonlike environment. Constructive for
eventual comparisons are the boundary conditions and requirements of possible to implement systems. These
will be discussed in chapter 7.
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I 4.3 State of the art in Suriname

The state of the art related to the management of water in Suriname can be subdivided in drinking water
supply and wastewater management. The Surinamese government has targeted the management of drinking
water and wastewater in the Sanitation Sector Strategic Plan for The Republic of Suriname, which currently is in
development (Singh-Tjon a Loi, 2009). This plan aims on a Surinamese society in which sanitation is convenient,
affordable and safe so that personal hygiene is reached. The diversity of the Surinamese population, consisting
of Hindustani, Creoles, Maroons, Javanese, Indigenous, Chinese, Libanese and Boeroes (descendent of the
Dutch colonists), causes the search for appropriate sanitation to be complex and not uniform.

The situation in Suriname on waste and wastewater is in a phase of ‘getting rid of it’ and, consciously or non-
consciously, doing harm to the environment. Solid is stored at appointed locations, but contamination of the
environment is not sufficiently prevented. The main sanitation facilities in the coastal zone are flush toilets and
subsequently treatment by septic tanks. The absorption of the Western toilet technologies that are based on
high consumption of fresh water (without taking into account the treatment of the wastewater) leads black
waste to be strongly diluted. The performance of the septic tanks is insufficient or at least doubtful since the
systems are not well designed and/or maintained (Stuart, 2010). The effluent of the septic tanks and grey
water is disposed in the drainage systems or naturally present drainage patterns. The settled sludge from the
septic tanks is, if emptied, dumped in canals and rivers. Not least this attitude leads to health risks for the
human population (Singh-Tjon a Loi, 2009). Pathogens (like bacteria, viruses, protozoa, helminthes), organic
material, nutrients and suspended solids pollute the ground and surface water. The quality gap between
wastewater and clean natural water in for example streams, rivers, lakes and wetlands is considerably large.
This means that treated wastewater (mainly septic tanks) is characterized by a low presence of oxygen with no
daily oxygen rhythm as in nature (STOWA 2005), and a presence of pathogens, organic material, nutrients and
suspended solids (Kampf, 2003). Domestic wastewater can be treated to the purpose of irrigation, toilet
flushing, fertilization, aquaculture, surface water replenishment and groundwater recharge (Juwarkar et al.,
1995; NEERI & Unicef, 2007; Winward, 2007). In Suriname the latter two are of main importance for the supply
of drinking water while they affect the sources of potable water, on which a large part of the populations relies
(Stuart, 2010).
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5 The case study: the orphanage Leliendaal

This chapter describes the case study of the orphanage Leliendaal. The workshop (PART I, 2010), field visits
and especially the local knowledge form the main base of this chapter. The local knowledge is derived from the
interviews with the couple Diran (orphanage-staff), farmer Leo Koenraadt, and with the directors of the H.M.
Bielke School and the Armand Salimin School (MULO). Christine Diran, Leo Koenraadt and the director of the
MULO have lived most part of their lives at Leliendaal. In Suriname the name Leliendaal is tended to be used
for the former plantation Leliendaal and its surrounding.

The orphanage Leliendaal is situated in the district Commewijne. Commewijne is one of the seven coastal
districts of Suriname and is located east of the Suriname river, opposite of the districts Paramaribo and Wanica.
Commewijne borders in the south to Para and in the east to Marowijne (Figure ). Commewijne’s capital city is
New Amsterdam. The district in 2006 had a population of 24649, and covers an area of 2353 km2. Agricultural
activities are the major source of income in this district, with plantations dating back to the Dutch colonial
times in the 17" century.

Rosignoh,, Amajecdam NORTH ATLANTIC ODCEAN
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Figure 3. The coastal districts of Suriname, East of Parmaribo is Commewijne.

Apoera

The plantation Leliendaal is formed half way the 18" century and is situated on the right (south) bank of the
Commewijne river in between plantation Ellen and Leliendaal. During the plantation period of the 18" century
Leliendaal has been a coffee plantation. In later times citrus was cultivated. The orphanage, the schools and the
church originated when 4 hectare of the plantation ground was donated to the EBGS (Evangelische Broeder
Gemeenschap Suriname) in the 19" century. This ground was located most north at the roadside not more
than 100 meter from the Commewijne river (Archive Suriname, - ). On this area the orphanage Leliendaal was
established in 1918, funded by the firm Kersten, the EBGS and the government of Suriname.

The couple Christine and Harold Diran, together with around 10 staff members, takes care of 75 children with
an age of 5 till 20 year. There are 37 boys from which 17 are 15 year or older, and 38 girls from which 13 are 15
year or older. The aim of the orphanage is to care for orphans and children who are neglected, give them a
home to life, nurture them and seek to make them ready for a role in society. Nowadays the orphanage
consists of a boys and girls building, the home of the ‘father and mother’ Mr. and Ms. Diran, a kitchen, a
laundry, a church (EBGS), the neglected former orphanage building, the Bielke school and a high school (MULO)
(Leliendaal, 2005). On the field of the orphanage, which consists of clayground, some ponds with brackish
water with Tilapia fish in it have been established by Mr. Diran and there is banana, cultivated on heightened
ground. The rest of what earlier was part of the plantation is property of the farmer Koenraadt. Koenraadt uses
the farmland for cattle breeding and part of it is forest. Furthermore a few houses are situated near the schools
and central north of the farmland and left of the schools Mr. Koenraadt has his workplace. The situation is
presented in Figure 2 .
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Figure 4. The location of the orphanage Leliendaal

22



J 5.1 situation

The situation of the orphanage Leliendaal consists of multiple elements which are technical, economical or
social in origin. An optimal perception of the situation is required to address occurring problems and desires
expressed by the stakeholders.

I 5.1.1 Water resources

The water resource of the orphanage is composed by rainwater during two of the four seasons, and the supply
from the government’s water supply company, part of the ministry of Natural Resources (NR). Within 2 years
the water supply will be taken over by the commercial Surinamese Water Company.

‘ 5.1.1.1 Rainwater

The tropical climatic conditions in Suriname result in an average precipitation of 2104 mm per year, as shown
in Table 1 (CLIMWAT, 2009). Suriname’s seasons are characterized by the distribution of this rainfall during the
year. In Suriname there are four seasons in a year, which are generally divided in the following periods:

- Small rainy season (SRS), first half of December till second half of January
- Small dry season (SDS), second half of January till second half of March

- Large rain season (LRS), second half March till first half August

- Large dry season (LDS), second half of August till first half of December

The season boundaries are not exact, sometimes a season starts earlier Average precipitation :
or later. It is also possible that it rains frequently during a dry time (Jak, Rain mm
2009). January 189,0
February 140,0
The orphanage Leliendaal has, mainly during dry time, a high reliance March 124,0
on the rainwater. This is amongst others caused by the fact that outside | April 182,0
the rainy season the potable water supply by NR is unreliable May 297,0
(Paragraph 5.1.1.2). For this reason rain is harvested from almost all June 315,0
roof-surfaces to build up a stock to meet the needs of the children, the July 206,0
staff and the staff family during dry seasons. The average monthly August 164,0
rainfall in Suriname is provided in table 1. September 106,0
October 99,0
November 117,0
Table 1. The average monthly rainfall Suriname (CLIMWAT, 2009) December 165,0
Total 2104,0

5.1.1.2 Water supply by the Surinamese government: Ministry of Natural Resources

The orphanage Leliendaal is supplied with potable water circa one hour a day by the government’s water
supply, which is part of the Ministry of Natural Resources. The orphanage has no water meter and the supply is
free of charge, but has shown to be unreliable. The volume of supplied potable water depends on the
frequency of water supply, the time that the pipes are open for distribution and the pressure in the pipes.
During dry times the frequency of water supply and the pressure in the pipes both drop (Diran, 2009-2010).
Also the moment at which the orphanage is notified of the water supply plays a role, because the water from
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the potable water intake has to be pumped in the water storage tanks at the orphanage so that a reasonable
amount of water is received.

The Surinaamse Waterleiding Maatschappij (SWM) is planning to take over the rights on water supply
throughout the coastal zone. The process of acquisition is already started in Meerzorg, Commewijne. This
implies that the potable water supply at Leliendaal will be commercialized. So, in future, the orphanage
Leliendaal will be charged for the potable water supply (SWM, 2010). The potential costs that come with this
transition will be described in paragraph 5.1.5.

I 5.1.2 Water use

The water use of the orphanage Leliendaal is subdivided in eight types that are derived from field visits,
interviews and subsequent calculations. Table 2 and Figure 5 present the types of water use and the volume of
generated grey and black water. On a general day the amount of water used is 165.5 liters per capita, and
assuming that 80 persons are present at the orphanage each day in total this is 13240 liters/capita/day. On a
monthly base the orphanage Leliendaal thus requires approximately 400 m*® of water for domestic use. During
the dry period this amount is expected to be lower, because the people of the orphanage Leliendaal than
change their water use. The black wastewater and the grey wastewater respectively represent 27 % and 73 %
of the total water used at the orphanage Leliendaal. Sanitation consists of a cistern-flush toilet (10L) (Annex 2),
with a septic tank that discharges its effluent in the local drainage system. The other domestic water, also from
the water tower, is subtracted at the tap and showers and is used for bathing, washing and cooking. Similarly to
the black wastewater the grey wastewater is, seperatedly from the blackwastewater, discharged in the local
drainage system.

Daily water use at the orphanage Leliendaal
Quantity of the Blackwater Greywater
water in |/cap/d | |/cap/d |/cap/d
Bathing 90 90
Washing of clothes 18 18
Washing of the hands 4.5 4.2
Flushing of toilet 40 40
Washing of floor 3.5 3.5
Washing of untensils 0.5 0.5
Cooking 4.0 4
Drinking 5 5
Total I/cap/d 165.5 45 120.2
Total liter/80 capita/day 13240 3600 9616

Table 2. The daily water use at the orphanage Leliendaal.
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Daily water use per capita, total 165.5 liters Daily water use per capita, percentage
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Figure 5. The daily water use at the orphanage Leliendaal in liters and percentages of total.

The meeting place alongside the church has a separated water infrastructure, water use and discharge of
water. The volume of wastewater produced here is calculated at 206 liters of water only on Sunday. Despite of
the fact that this water is separated from the water infrastructure of the orphanage, this water should be taken
into account when new possibilities for treatment are considered.

The orphanage has made efforts to limit the fresh water use. Permanent measures are the pressure taps which
close automatically after a certain time, installed in the showers and sinks in the girls and boys building. Water
use is also limited by the possibility to re-press the valve during flush, which stops the flushing. Another non
permanent coping strategy is the use of a bucket with 10 liter of water for bathing, instead of taking a shower.
This measure only is practiced in times of serious fresh water shortage. Same applies to toilet flushing with
surface water from the canal. This water has a high salinity and therefore is normally not suitable for toilet
flushing and the subsequent wastewater treatment septic tanks.
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I 5.1.3 Water infrastructure and management

The water infrastructure of the orphanage Leliendaal, the church, the schools, the farmer’s workplace and the
households are connected to one water infrastructure, namely the infrastructure of the former plantation
Leliendaal. Within this water infrastructure the orphanage Leliendaal is located northeast, which is also the
lowest area of the former plantation. The plantation infrastructure as well as the local water infrastructure of
the orphanage will be described next.

Commewijne river
5.1.3.1 Plantation water infrastructure and management

The water infrastructure of the whole former plantation can best be

described as a grid that is designed as a rectangular with a width of over 600

m (canals included) and a length of 7500 km. The first 4 km is land for cattle Orphanage
and the next 3.5 km is forest land. The land for cattle breeding is almost 250

ha. The 7.5 km long area has a decline of around one meter from south to

north. On both long sides the plantation has an inner canal and an outer

canal for the concentration and discharge of rain water which flows to the

north. Figure 6 shows the water grid for the cultivated land, south of this grid

is another 3.5 km of forest land. Between the side canals lies a dam that is

formed from the dug clay ground. In the exact middle of the plantation lies a

canal that is broader than the canals at the sides of the plantation.

nry

Approximately each 200 m perpendicular to this canal is a ditch. Also

perpendicular to the central canal each unit of land has ditches that are not

permanently filled with water. Besides managing the water, the central canal

was during plantation time used for transport of crop products, workers and |

m QoL

tools, and nowadays it still is used for transport by boat during the rainy

seasons. The central canal and the two side canals are connected north with

a perpendicular orientated canal. This canal is connected to a canal that has a

lock and is linked to the Commewijne river.

Figure 6. The water infrastructure of the plantation Leliendaal

600
The water grid is formed to manage the distribution of the rain water, the o

groundwater level, the soil moisture and the saline water from the Commewijne river. Managing the rain water
and the saline water from the river is mainly done by one central lock, situated 80 m left from the north centre
of the plantation. This management is the responsibility of the farmer and the main goal of the management is
to maintain appropriate water conditions for his cattle, which consists of 800 cows. The management differs
depending on the season, and the tides that directly influence the water level of the saline river water in the
lock canal.

The tides in the Commewijne river offer the farmer the opportunity to, at max twice a day, discharge excess
water for optimizing the groundwater level, the soil moisture, the surface water level and for the flushing of
water with a high salinity. The graph in Figure 7 shows the tidal variation during a january/february-week.
Normally the water is management by opening the lock after high tide and closing it before or at the next low
tide. As can be derived from the graph this can be done twice every 24 hour.
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Paramaribo, Suriname (max. tidal range 2.70m)

Times are SRT (UTC -3hrs). Last Spring Tide on Tue 19 Jan (h=2.26m). Next Spring Tide on Sun 31 Jan (h=2.63m)
Fri Sat Sun Mon Tue Wed Thu Fri
30-Jan 31-Jan 01-Feb 02—Fab 03-Feb 04-Fab 05-Fab

71
H2 B8

t4 1AM
F3m

2m 2m
1m im
0m om
Sunrise LresTAM LrESTAM Lres7AM Fre:57AM Lr6:57AM re57AM Lr657AM Sunrise
Sunset s 50PM Wres0PMm rs:s0PM s soPM Wes1PM s 51 PM Wre:s1PM  Sunset
Maonrise () 7:24PM Cie21Pm [@F-RLLT] D10:00PM D1101PM D1:54PM Meoanrise
Moonsst @7:06AM @759AM D849AM @saTAM @1025AM @11:12AM @1201PM Moonset

Full Moon | 3:188M Last Cruarter | 8:50PM

Figure 7. The tidal variation during a january/february-week at Paramaribo (Tide-forecast, 2009).

A distinction should be made between the water management during dry periods and during rainy periods. In
general during the rainy seasons the farmer opens the lock twice a day, each time 3-4 hours. During the dry
periods this can be less (Koenraadt, 2009-2010). The problem on this level of water management is that the
rain causes farmer Koenraadt to have contrasting interests:

e  Excess water has to be discharged, otherwise water conditions, mainly in the northern area of what
former was the plantation, will be so wet that surface and ground water emerges above ground level

e During rainy seasons the groundwater level is best to be kept low for rooting of the grass, the root
depth will then increase and this improves plant growth during the dry seasons

e Surface water level should be suitable for the boat that is used for transport during periods of rain.
Roads cannot be used because of the fact that they are not resistant to high pressure of transport
during the rainy seasons

The first two mentioned interests are in contrast with the third. When heavy rain falls Leo Koenraadt has
chosen to open the lock only ones a day for 3-4 hours to keep the surface water level suitable for transport
(Koenraadt, 2009-2010). This choice is possible because the farmer can breed cattle on the southern part of his
land where the ground level is higher and the water salinity lower. The consequence is wet conditions in the
most northern part of the land, including the land of the orphanage and schools.

During the dry season the goal of management is to conserve fresh water and keep out the saline water. When
the dry season has initiated any saline water in the system is hard to exclude while there is no rain to flush the
soil and discharge the salt. Transport on the roads is possible and it is of most importance to produce feed for
the cattle. In favor of this the lock is opened only occasionally when intensive rainfall occurs. According to
farmer Koenraadt the water lock has a leak and to improve the preservation of water on his land farmer
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Koenraadt fills two of the central ditches with dug ground (Koenraadt, 2009-2010). The consequence is that the
management of the water at Leliendaal is less dynamic.

In many cases former plantation managers kept part of their land covered with forest to build up a fresh water
buffer in the form of a wetland. The main function of the buffer is to offer a supply of fresh water during the
dry season. In this system one or more locks in the dams between the buffer and the farmland make it possible
to feed fresh water on the farmland. Also the dams between the buffer and the farmland prevent high
amounts of rainfall into causing too wet conditions on the farmland during the rainy seasons (Van Alen, 2009-
2010).

5.1.3.2 Orphanage water infrastructure and management

The water conditions and therefore the water infrastructure of the orphanage Leliendaal is completely related
to the water infrastructure and management of the former plantation Leliendaal, managed by farmer
Koenraadt. On the location of the orphanage the water infrastructure and management can be divided in three

elements:

e Fresh water harvest, storage and distribution
e Water drainage and irrigation

e Domestic wastewater discharge and treatment

The next paragraphs will describe those three elements as they are currently present at the orphanage

Leliendaal.

5.1.3.2.1 Fresh water harvest, storage and distribution

Figure 8 lays out the infrastructure for harvesting storage and distribution of fresh water at the orphanage
Leliendaal. The fresh water at Leliendaal consists of harvested rain and supplied potable water by the Ministry
of National Resources as described in paragraph 5.1.1. At the orphanage Leliendaal the rain and potable water
is assumed by its consumers to be appropriate for human consumption, and is also used for all other domestic
purposes. The rain water is stored in concrete tanks and durotanks, and subsequently pumped in a water tower

to build up energy for distribution.

The harvesting of rainwater takes place on the roof surface of the boys building, on the small building west of
the boys building, on the girls building, on the house of the family Diran and on the roofs of the laundry and
kitchen place. Table 3 provides figures of the harvested area at the orphanage Leliendaal.

Rainwater harvesting surface
Surface not used

Surface used for | for harvesting
harvesting m2 m2

roof near boys building 70

boys building 532

kitchen/laundry 294

home Diran 212

girls building 387

tribune 139

church meeting place? 268

church? 231

former orphanage’ 252
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Total 1495 139

This roof is not suitable for harvesting, not included in total.
2Not linked to the orphanage storage, not included in total.
Table 3. The rainwater harvestingsurface (m2) at the orphanage Leliendaal

To estimate the monthly total amount of rain falling on the surface used for catchment the average monthly
rainfall can be used. This results in an amount of monthly storable rain as presented in table 4. A comparison
with the general monthly water use of 397.2 m3 (paragraph 5.1.2) makes it possible to determine the months
in which water shortage has a relatively higher chance of occurring. It is of importance to notice that these
figures do not include the potable water supply. The months in which water shortage may occur are
highlighted yellow in table 4.

Potentially harvestable rainwater at the orphanage Leliendaal,

m3

Average Rain on Rain on non

precipitation | harvested | harvested

mm surface m3 | surface m3
January 189,0 282,6 26,3
February 140,0 209,3 19,5
March 124,0 185,4 17,2
April 182,0 272,1 25,3
May 297,0 4440 41,3
June 315,0 470,9 43,8
July 206,0 308,0 28,6
August 164,0 245,2 22,8
September 106,0 158,5 14,7
October 99,0 148,0 13,8
November 117,0 174,9 16,3
December 165,0 246,7 22,9
Total 2104,0 3145,5 292,5

Table 4. The potentially harvestable rainwater at the orphanage Leliendaal, m3.

It is of importance to notice that it is preferable to recalculate these findings with daily precipitation data. The
calculations based on monthly data do not give insight in the possible distribution of rainfall and the duration
of the dry period. By monthly data only a rough estimation of the months in which water shortage has a
relatively higher chance of occurring can be given. Daily precipitation data is not obtained during the research
period, but it is advised to include such information to obtain insight in the possible duration of dry periods.
This can result in an improved understanding of the severity of the quantitative problems.

For the storage of drinkwater the orphanage has communicating water tanks. These are durotanks and also
two out of three old concrete tanks are used. The third concrete tank has a leak. For the intake of supplied
potable water the staff makes use of an electric submersible pump to move the potable water from the intake
to the central concrete tank. The total fresh water storage capacity is approximate 164 m3. After being led to
the central concrete tank the rain water and/or potable water is pumped, by two electronic pumps, to the
water tower. From here the water gravitationally is distributed towards the kitchen, the laundry place, family
Diran’s household, the girls building and the boys building. The storage capacity is explained in table 5.

29



Fresh water storage capacity of the orphanage Leliendaal
number of different volume | concrete tank volume
durotank (US gallon) at volume (US
location gallon)

450 800 1000
Situated nearest to:
girls building 0 5 8 - 12000
boys building 0 0 17 3000 20000
kitchen/laundry place 3 0 - 1350
home Diran 0 0 3000 10000
church and meeting place 4 0 - 1800
Total capacity US gallon 43350
Total capacity liter 164098

Table 5. The fresh water storage capacity of the orphanage Leliendaal. Storage capacity of the church is not added to the
orphanage’s capacity, because it is not aligned to the orphanage water supply grid.

The proportion of the amount of rain falling during a rain shower and the efficiency of the communicating
vessels to ‘communicate’ and store the water is a factor that influences the volume of fresh water that can be
stored. The couple Diran described that during extreme precipitation overflow of the durotanks occurred due
to the insufficient capacity of the distribution pipes. The distribution of the rainwater to the durotanks then

was done manually so that the storage capacity still was fully adressed. (Diran, 2009-2010)

5.1.3.2.2 Water drainage and irrigation

Figure 8 shows the plan of the orphanage Leliendaal. The area of the orphanage Leliendaal is drained by a
square of canals and two connected ditches that are dug for the discharge of excess water. Excess water from
rain and the household is drained by a couple of concrete ditches near to the buildings and by land overflow.
Along the outer southern canal farmer Koenraadt has constructed a dam. Due to the fact that the orphanage
Leliendaal is located on a relative low area, water easily reaches there by gravity. The dam is constructed to
avoid the water from entering and overflowing the cultivated and fallow ground of the orphanage. For this
reason the water canals surrounding the orphanage are closed at the bottom left corner, as viewed from
above. At the end of the ditch that initiates south of the laundry place a fuel pump is installed to withdraw
excess ground water and surface water that emergences on the fields south of the buildings. Locally the
concrete ditches, the dam and the fuel pump form the system to manage the water.

Irrigation at the field behind the orphanage buildings and behind the church does not take place. Currently
there is almost non agricultural activity at the orphanage. The only agricultural activity consists of banana trees
that are grown on the southern dam. The absence of agriculture and thus irrigation is caused by the salinity of
the water in and above the ground and the frequently high water level. In addition it is of importance to
mention the remark of the orphanage staff that there is no time left to invest in crop cultivation (Diran, 2009-
2010).
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5.1.3.2.3 Domestic wastewater discharge and treatment

The different wastewater flows can be defined as grey and black wastewater. Black wastewater is the water
that has been used for the toilet and/or urinal, and thus is polluted with human faeces (NWP, 2006A). The grey
wastewater originates from bathing, cloth washing, and kitchen use and as a consequence is not polluted with
human or animal feaces. In the case of Leliendaal the water for consumption, which also can be called drinking
water, is the rainwater together with the supplied potable water. Table 6 presents the different water types,
their sources, potential for treatment and possible reuse.

Water Sources Treatment | Possible use
before
(re)use
Drinking Rainwater, none Drinking, bathing, cooking
water potable water
Grey Bathing, cloth |yes Toilet flushing, fertilization, irrigation,
wastewater | washing, aquaculture, nature, groundwater recharge
kitchen use and surface water replenishment
Black Toilet, urinal yes Toilet flushing, fertilization, irrigation,
wastewater aquaculture, groundwater recharge and
surface water replenishment

Table 6. The type of water, treatment and possible uses. Based on NEERI & Unicef, (2007); Winward G.P. (2007); Juwarkar et
al., (1995).

The grey and black wastewater produced at the orphanage are separately discharged at four locations as
shown in figure 8. The first two grey water flows originate in the showers and sinks in the boys building and the
girls building. The third grey water flow, from the household of the family Diran, is composed of the shower
water, the bathrooms sink and the kitchen sink water. The fourth grey water flow originates from the kitchen
and laundry place. Together the grey water from the kitchen sink and the grey water from the washing
machines and washing tubs are discharged in the ditch south of the laundry place. Unless the pump at the end
of this ditch is started, the water in this ditch barely flows. The four flows of grey wastewater are not
centralized, but discharged from each of the described buildings separately into the surface water of the canals
and ditches surrounding the orphanage. The grey water is discharged to the canals and ditches through
concrete ditches or pvc pipes. It is important to notice that none of the grey water is treated before discharge.
The drainage ditches and pipes are designed to transport all water by gravitational force.

As mentioned the black wastewater is discharged separated from the grey domestic wastewater. The black

water is the water that is contamined with human and/or animal excreta. The black water originates from the

toilets in the boys building, the girls building, the household of the family Diran and the building next to the

church, since these are the buildings that are provided with toilets. The black water from the building next to

the church is discharged in a small ditch. The black water infrastructure is at each of the four facilities build up

by the same components: cistern flush toilets, PVC pipes for discharge, a septic tank, and drainage pipes from
the septic tank to the surface water. This

O system, which is called ‘settled sewage’, is

| schematically shown in figure 9.

/ / Figure 9. A settled sewerage system. Based on

. SANEX sheets in UNEP, 2004.
Septic Tank
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The treatment of the black wastewater takes place in a septic tank. The septic tank is designed for the on-site
treatment of domestic wastewater (UNEP, 2004). Every tank at Leliendaal is for the most part located
underground, only the top is top. The septic tanks at the boys building, the girls building and the home of the
family Diran consists of three compartments of equal size, with crushed stones in the last compartment (Diran,
2009-2010). These tanks are 1.5 by 4.5 meter. The septic tank at the church meeting place is 2 by 2 meter and
has two compartments. The septic tanks have a ventilation opening for the exit of produced gas. The two main
treatment effects that take place in the tanks are:

1 Contaminents are removed from the black water by either settling of heavy particles or by flotation of
materials less dense than water (oils and fats). The settling process results in a sludge layer at the bottom of
the tank. The flotation process forms a scum layer.

2 Subsequently, the organic matter in the sludge and in the scum layer is digested by bacteria. The digestion
process produces gas which emerges through a ventilation opening in the tank. The digestion process is of
significance because it prevents the excessive accumulation of sludge. (UNEP, 2004)

The removal efficiency of septic tanks with respect to BOD and suspended solids content can be respectively
40% and 65% (UNEP, 2004). A consequence of this is that the effluent of a septic tank is more appropriate for
post-treatment, but this also means that post-treatment is a necessity. Requirements for post-treatment are
more readily to reach and the chance of reaching the required characteristics for the end-purpose of the water
significantly increases (NWP 2006). After being constructed by skilled labour, septic tanks have potential for self
help. Depending on their design, the maintenance of septic tanks implies routine checks for sludge and scum
levels, and desludging every one to three years (UNEP, 2004). If this requirement is not met the septic tanks
will excessively accumulate sludge and produce effluent of very poor quality. The septic tank then can cause
serious environmental and human health threats (Strauss et al., 1997). According to Mr. Diran the
establishment of the septic tanks took place in 2002 and since then the tanks are not desludged (Diran 2009-
2010). The quality of the effluent should therefore be a major cause of concern.

The treatment process in septic tanks is a form of primary treatment, because sedimentation and particle
removal takes place. If maintenance is carried out well, the effluent of septic tanks is still heavily contamined
with pathogens. To bridge the gap between the quality of the effluent and the required quality of high
potential end-purposes, as described in Waterharmonica concept (paragraph 4.2), an ecological engineered
water treatment system offers potential.

I 5.1.4 Water quality

The severity of water related problems can amongst others be estimated by measuring the quality of the
drinking water, the wastewater as it is disposed after domestic use and treatment, the surface water, and the
ground water. The drinking water consists of potable water and rain water, which after being led to the storage
facilities at the orphanage both are consumed without treatment. The quality of the rain water is assumed to
be appropriate for consumption by its consumers and so accounts for the potable water (Diran, 2009-2010;
Koenraadt, 2009-2010). The interviewees had no absolute knowledge on the quality of the consumed water,
but farmer Koenraadt had measured the potable water to have a salinity of 0.7 ppt whereas the rain water had
a salinity of 0.01 ppt. He also did some measurements of the salinity in the canals of his farmland from which
he concluded that the salinity increased from the south to the north of the former plantation Leliendaal. In the
dry period he measured a salinity of 20 ppt in the northern canal (Koenraadt, 2009-2010). Table present a
classification of water based on its salinity. Based on this classification the surface water and ground water at
Leliendaal is brackish, the potable water is on the edge between fresh and brackish, and the rain water is fresh.
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Water salinity based on dissolved salts in parts per thousand (ppt)

Freshwater Brackish water Saline water Brine

Table 6. Classified water (Wikipedia, 2009).

As described in paragraph 5.1.3.2.3 the treatment of wastewater at the orphanage Leliendaal takes place in
septic tanks. These septic tanks are expected to be malfunctioning due to a lack of maintenance and possible
shortcomings in the design (Stuart, 2010). The fact is that direct disposal of wastewater treated by a
functioning septic tank in surface water is deemed to be removing only 40% BOD and 65% suspended solids
(UNEP, 2004). The effluent will still contain pathogens and other pollutants, and without post-treatment
disposal in surface water forms a threat to nature and human. In case of malfunctioning septic tanks the quality
of the effluent will be even more badly, exposing its environment to greater risks. During field visits at the
orphanage Leliendaal it was observed that the surface water amongst others was polluted with oil, grease,
detergents, soap, kitchen waste and plastic waste. The disposal points of the septic tank effluent clearly
showed turbidity, especially in the canal west of the orphanage while there was little water flow observed.
When the water level in the canals decreased black sludge at the water front was deposited. This sludge had an
ammonia-like odor. The stroke of grass that grew on the place where the sludge was deposited seemed to die

away.

Sufficient local water quality data to form a reliable database was not available at the moment of research.
With the eye on determining the functioning of the current wastewater treatment systems, the severity of the
problems, and designing a proper wastewater treatment plant this data is a requirement. In the latter case the
quality of the wastewater that forms the influent is a necessity for the design of an appropriate wastewater
treatment plant at the orphanage Leliendaal.

I 5.1.5 Economical description and scenarios

The orphanage Leliendaal is property of the EBGS church and relies on financial and non financial support from
this church and other donators. The permanent monthly support consist of staff payment by the EBGS, 750
euro from the ‘Stichting Ondersteuning’, 250 euro by KLM and around 4000 SRD contributed by the children’s
parents. So in total the orphanage has a permanent monthly available amount of around 8000 SRD. According
to the couple Diran to reasonably meet the needs of the children an amount of 12000 SRD monthly is required
(Diran, 2009-2010). To overcome the shortage of 4000 SRD one of the most important tasks of the staff is to
frequently contact potential donators. When the required 12000 SRD per month is not reached, the diet of the
children is changed to limit the financial shortage. In contrary the surplus is saved when more than 12000 SRD
is collected. Currently the orphanage has no savings due to the fact that not enough financial sources are found
to attain the monthly required 12000 SRD. In many cases products, mainly food and clothes, are donated. Due
to the non fixed sources and amount of the finances and other donations it is difficult to give a description of
the state of finances of the orphanage. From the available information can be subtracted that the orphanage
Leliendaal is not in the position to financially invest.

Nowadays the water supplied by the Ministry of Natural Resources is free of charge. This support is of
significance for the orphanage while permanent financial support is hardly available and the water supply
provides significant volume of water. At a one hour a day supply the volume of water added to the fresh water
storage can vary from 7.5 to 11.3 m3. The Surinaamse Waterleiding Maatschappij (SWM) is planning to take
over the rights on water supply throughout the coastal zone. The process of acquisition is already started in
Meerzorg, Commewijne. This implies that in future the potable water supply at Leliendaal will also be
commercialized. So a water meter will be installed and the orphanage Leliendaal will be charged for the
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potable water supply. A calculation of these charges has been made based on the information provided by the
SWM. According to that information the orphanage will be listed among the rate group 42: ‘social facilities’
(SWM, 2010). To give better insight in possible future developments different cost scenarios are thought out:

1 The orphanage will be able to monthly exploit their full fresh water storage capacity, build up totally out of
harvested rainwater. Additional water needs will require the use of supplied water by the SWM. Should be
noted that this scenario does not take into account the much higher supply needs and corresponding costs
during dry periods, when the orphanage’s fresh water storage capacity will not be sufficient.

2 The orphanage will be able to monthly exploit their full fresh water storage capacity, build up totally out of
harvested rainwater. When the orphanage’s fresh water storage capacity during dry periods is not sufficient
any more, the need for water supply automatically will rise. As a consequence the orphanage will be obligated
to increase their use of charged water. The costs in case of this scenario, depending on the duration of the dry
period, will vary between the water supply costs of the first and third scenario.

3 The orphanage will be, as a consequence of commercial rights of the SWM, obligated to fully make use of
potable water supply by that company. This is the most costly scenario.

Assuming the orphanage will continue to use monthly 396 m3 of fresh water and will continue to harvest an
volume of 164 m3 of rainwater, the first scenario includes the charge of 232 m3 supplied water. In the third
scenario the orphanage will pay for a full volume of 396 m3. The unpredictable second scenario will lead to
water supply costs that are in between the costs of the first and third scenario, depending on the duration of
the drought. The costs for each scenario are shown in table 7. Initial costs for installation are approximately
1000 SRD (SWM, 2010).

Costs potable water supplied by SWM
Rate group
Monthly 42, Social and Monthly
required monthly public water Yearly water
supplied water use, tabs, supply supply costs,
water, m3 m3 SRD/m3* costs, SRD SRD
scenario 1 232 26 - 300 2.75 638 7657
scenario 2 232 -396 3.04 638 - 1287 7657 -15449
scenario 3 396 > 300 3.25 1287 15449
* The price per cubic meter for the unpredictable scenario is a weighted average

Table 7. The potable water costs supply by SWM 2010 (SWM, 2010).
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I 5.1.6 Social context

The stakeholders, their role and their interest are a key factor in the development of improved qualitative and
guantitative water management at the orphanage Leliendaal. At a household level this means that e.g. current
commons and habits, their daily activities and task division, their perceptions of problems and the degree of
acceptance of possible solutions should be understood. At a community level amongst others the relations
between households, shared activities, power relations, formal and informal agreements, social influence and
morals are of importance.

The different involved groups in the area of Leliendaal have different socio-cultural backgrounds. An important
relation between the orphanage Leliendaal, the Bielke school, the Armand Salimin School and the church is
that they originated from and are still property of the EBGS. Together with the local farmer Koenraadt these
are the main local stakeholders. If future projects evolve from this research at Leliendaal the NVB, World
Waternet and other potential partners should also be regarded as stakeholders.

5.1.6.1 Stakeholders

Orphanage Leliendaal. The orphanage Leliendaal is represented in the interviews by Christine and Harold
Diran. This Javanese couple forms the head of the orphanage staff. Christine Diran is the daughter of one of
the earlier sisters that worked at Leliendaal. Previously Harold Diran has been a farmer and builder in Aruba
and since he and Christine became the head of the orphanage Leliendaal, he is the one responsible for the
maintenance of the orphanage (Diran, 2009-2010). Together with the rest of the staff the couple Diran has
given the children at the orphanage a home in which education, Christianity, responsibility, joy and respect has
a central place. The orphanage is well-maintained and has a clean appearance. The children at the orphanage
are Javanese, Creoles and Hindustani. They are orphans, half-orphans, and/or are abused and/or neglected by
their family. The orphanage has a good image in the Surinamese society as being well-organized and a place
where children are raised with decency. The staff of the orphanage has the clear desire to have sufficient water
during the dry period, while nowadays their stock only rests for dry periods of approximately 18 days
(paragraph 5.2.1). The hygienic conditions of the children and the costs associated with the increased demand
of potable water are experienced to be direct negative effects. The orphanage would gain self-reliability if a
higher water security could be reached.

The perception of Surinamese orphanages by the Surinamese population is a social topic that should be
handled with care. During one of the interviews Christine Diran explained the vulnerable position that
orphanages have, and the negative publicity that some of the Surinamese orphanages have had in history.
Often rumors were spread which e.g. said that children were abused, poorly nourished, forced to work. When
these rumors are not true and an orphanage is given such negative attention, it harms the children of the
orphanage because it puts a shame on their home and themselves. In the case of the orphanage Leliendaal the
vulnerability of orphanages to public perception has led the staff to have a cautious attitude towards new
developments to protect their children. The reason that this topic was brought up is that one of the possible
solutions (chapter 7) requires operation and maintenance, and offers the potential for agricultural reuse of
wastewater. The possibility of letting the teenagers of the orphanage take a part in the work activities was
perceived by Mrs. Diran as a source for rumors. In her perception the teenagers than could be perceived by
others to be ‘forced to work’ instead of spending time on their homework (Diran, 2009-2010). This risk-averse,
(which is comprehensible) topic thus has to be handled with great care.

The head couple of the orphanage has good intentions for finding solutions in cooperation with other
stakeholders, but simultaneously is reserved. The intentions of this research, to investigate the applicability of
the Waterharmonica concept so that water security can increase, sounded good to Mr. and Mrs. Diran.
However the degree of uncertainty involved makes them careful. This uncertainty was expressed by questions
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like: ‘Will the NVB make work of the outcome of this research?’, ‘In how far a change/solution will disrupt our
normal daily life?’, ‘Will anything happen if we have no finances available?’ and ‘Will any proposed solutions
work?’ (Diran, 2009-2010). To tackle this uncertainty it is the task of future project leaders to be in connection
with the stakeholders in favor of transparency and finding appropriate solutions.

Farmer Leo Koenraadt. Leo Koenraadt is a descendent of the Dutch colonist, which in Suriname are called
Boeroes. His great-grandfather immigrated to Suriname to start agricultural activities. Leo Koenraadt had an
agricultural study at Van Hall in The Netherlands. He thinks very positive about the orphanage while in his
opinion the couple Diran and the rest of the staff do good work. He experiences that the children are well
educated, have self-respect, and decency. He realizes that the water shortage during the dry period is a cause
for serious concern and also has the aim to find a solution for it, in consultation with the people at the
orphanage and the two schools (Koenraadt, 2009-2010). With respect to the high water level on the northern
part of his farmland and also in the garden of the orphanage, Leo Koenraadt has had several conversations with
Harold Diran. Their intention is to improve the water infrastructure and management so that conditions are not
too wet in the area of the orphanage and the schools. The current social involvement is a positive precondition
that can be derived from the fact that Leo Koenraadt and Mr. Diran have dug ponds in the garden of the
orphanage. They hoped that the ground water filling the ponds would be fresh water so that it could be used
for toilet flushing water. Unfortunately the water was found to be brackish. To lower the water level (wet
conditions) in the orphanage garden they also thought about the possibility of locally damming with a new
valve-lock system (Diran, 2009-2010; Koenraadt, 2009-2010). The latter plan is not yet carried out, but clearly
both parties are willing to cooperate.

Bielke school and Salimin Armand school (MULO). The Bielke school is the primary school at Leliendaal. The
Armand Salimin school is a secondary MULO school. Both schools receive pupils and students from the
orphanage Leliendaal. It is in the interest of these schools, which are on the same ground, that the conditions
of the area become less wet. The schools also depend on rainfall and potable water supply, but generally have
no quantitative water problems because of a lower total daily demand (MULO, 2009). The qualitative problem
can be of threat because the ditches surrounding the schools are polluted with septic tanks effluent of
questionable quality. The school has an agreement with the orphanage Leliendaal that allows them to use the
soccer field for their gymnastic lessons (Diran, 2009-2010). During the interview on the 17-12-2009 the director
of the MULO school expressed the willingness of the schools to cooperate with the other local stakeholders
with the aim to find a solution for the water problems. If a solution would contain the possibility of establishing
an orphanage/school garden for crop cultivation the MULO school would welcome that idea (MULO, 2009).

EBGS Church. The EBGS, however perceived as a significant stakeholder, has not been interviewed. This
Christian church is located at the same ground as the orphanage Leliendaal and is visited on Sundays by
approximately 125 people. The EBGS pays the wages of the staff at the orphanage and owns the orphanage
and the schools (Diran, 2009-2010). It is in the interest of the EBGS that the living conditions of the adults and
children at the orphanage are good, which implies that water security is perceived as important. This is
expressed by the EBGS's financial inputs that have enabled the orphanage Leliendaal to have the current
amount of storage tanks. With regard to seeking water security, by initiating a domestic water management
project, the EBGS should be involved in the project. The opinion of the EBGS and its support can be an
important determinant for the success of a project at the orphanage Leliendaal.

5.1.6.2 Current attitude

The willingness of the local stakeholders to be involved in a water management project was perceived during
interviews taken in the period from November 2009 till February 2010. In present this attitude can be different,
because the interaction with these groups has not been intensively prolonged after the research period.
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Initiating a project would therefore require an intensive effort with the aim to construct a strong social
structure. On which base subsequently agreements can be made for the development of a domestic water
management project.

38



I 5.2 Problem definition

Defining the problem on the location of the orphanage Leliendaal requires understanding of the stakeholder’s
perception, which is based on their knowledge, experience and awareness. In the case of Leliendaal there can
be made a division between quantitative and qualitative problems. The former is perceived as the main
problem by the people who are living at the orphanage, while the latter, although of major importance to the
local people, is particularly known by the government of Suriname, the Anton de Kom University, NGO’s and
international institutes, companies and organizations. The fact is that both problems, which next will be
described, strongly relate to each other and therefore some of the solutions in chapter 7 have the potential of
tackling both at once. In this chapter an effort is made to describe the two strongly related problems as they
are perceived by different stakeholders.

I 5.2.1 Quantitative problem

Suriname is a tropical country with a yearly average rainfall of 2100 mm (CLIMWAT, 2009). This average
amount of rainfall in combination in combination with the potable water supply is more than sufficient to meet
the water needs of the orphanage. Suriname obviously is not a dry country, but at the same time shortages of
fresh water for domestic use occur. How is that possible? To exactly analyze the problems with respect to
water the situation should be viewed with great accuracy. This results in a better understanding of the situation
and the main problems and its direct and indirect causes and effects. The analysis of the problems at Leliendaal
is presented in a problem scheme (Figure 10). The scheme describes the main problem, its direct and indirect
causes and direct and indirect effects. The main problem at the orphanage Leliendaal is that:

After a rainless period of 18 days, the fresh water storage capacity in combination with the supply of potable
water is insufficient to meet the daily water needs of the orphanage Leliendaal.

The duration of 18 days is the period in which stored water can meet the water needs of the orphanage,
starting at full storage capacity and when water supply is provided every other day at an volume of two 1000
US gallon durotanks. The water need that is referred to in the problem definition is the 13240 liters of water
that the orphanage daily uses at normal activity. During dry periods the absence of rain, the uncertain supply of
fresh water by the Ministry of Natural Resources, the high water use, the use of fresh water for all domestic
uses and the disposal of valuable fresh water cause the water shortage. The frequency of the occurrence of
‘18-day dry periods’ can provide insight in the severity of the main problem. Due to a lack of local daily data on
precipitation the estimation of the severity of the main problem is based on the knowledge that every 7 year
Suriname is affected by a dry period of 3 to 4 months. In case of such a drought the orphanage experiences
serious ‘water stress’ formed by the direct and indirect effects described in figure 10.
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Figure 10. The quantitative problem at the orphanage Leliendaal
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I 5.2.2 Qualitative problem

The qualitative problem of the location Leliendaal, which accounts for whole Suriname, is the disposal of

insufficient treated wastewater causing risks for the environment and human health (Strauss et al., 1997) as
presented in Figure 13. The qualitative problem is more difficult to address, because firstly measurements are
needed to obtain more evidence and secondly the local stakeholders do not perceive the pollution of the
environment as a major cause for concern.

In the area of the orphanage Leliendaal wastewater is disposed into the surface water and groundwater after
treatment. This treatment, as described in paragraph 5.1.3.2.3 and 5.1.4, takes place in septic tanks. These
septic tanks are expected to be malfunctioning due to a lack of maintenance and possible shortcomings in the
design (Stuart, 2010). The fact is that direct disposal of wastewater treated by a functioning septic tank in
surface water is deemed to be removing only 40% BOD and 65% suspended solids (UNEP, 2004). The effluent
will still contain pathogens and other pollutants, and without post-treatment disposal in surface water forms a
threat to nature and human. In case of malfunctioning septic tanks the quality of the effluent will be even more
badly, exposing its environment to greater risks (Strauss et al., 1997). During field visits at the orphanage
Leliendaal it was observed that the surface water amongst others was polluted with oil, grease, detergents,
soap, kitchen waste and plastic waste (PART Il, 2009). The disposal spots of grey wastewater and septic tank
effluent clearly showed turbidity, especially in the inner canals of the orphanage area while there was little
water flow observed (Figure 11 and Figure 12). When the water level in the canals decreased black sludge at
the water front was deposited. This sludge had an ammonia-like odor. The stroke of grass that grew on the
place where the sludge was deposited seemed to die away. As a consequence of the wastewater disposal the
domestic fresh wastewater gets mixed with the brackish water in the canals and ditches that are part of the
water infrastructure of the orphanage. Since fresh water is used for all domestic uses and, as described in the
paragraph 5.2.1, is limited in amount during dry periods the disposal is a waste of valuable fresh water. During
the workshop on wastewater treatment in November 2009, given to representatives of a Surinamese skilled
part of the society, participants stated that ‘the consciousness of the children and adults on the environment
and hygiene is of great importance’ (Part Il, 2010). This consciousness was tested during the interviews with the
local stakeholders. The couple Diran expressed that in their perception the septic tanks at the orphanage are
on itself a sufficient means to treat wastewater and the effluent was not of serious concern as long as the
adults and children avoided contact with the surface water. Any negative effects on the natural environment
were not perceived, or were not perceived as important (Diran, 2009-2010; Koenraadt, 2009-2010). Because
the problems on waste, wastewater and their harmfulness to the environment and human health are mainly
understood and recognized by organizations, the university, the government, NGQO'’s, institutes and companies
their role is to raise knowledge and awareness amongst the local people. Education plays a key role in this.

The possible rising of ground and surface water to the level of the inlet and outlet of the septic tank during the
rainy season can cause superficial flow to become polluted with human feaces. Specific attention to this
possible threat has not been given during this research. It is advised that further research should investigate
the possible flooding of the septic tanks at Leliendaal.
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Figure 12. The disposal of septic tank effluent (above pipe) and the disposal of grey wastewater, west of the boys building.
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Figure 13. The qualitative problem at the orphanage Leliendaal
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I 5.3 Desired situation

The people of the orphanage desire to have enough fresh water for their normal daily activities. In Figure 14 a
scheme with the desired situation, objectives, activities and outcomes is presented. The desired situation is
defined as:

A wise water management situation in which the people of the orphanage have sufficient fresh water to meet
the daily water needs throughout the year.

This desired situation is driven by the local stakeholder’s perceived quantitative problem. The increase in
dependence on the unreliable water supply and the shortage of water for domestic use during periods of water
scarcity are the direct effects experienced by the people at the orphanage. These effects are cause for their
‘quantitatively oriented’ desires. In contrary the direct effects that result from the qualitative problem do no
direct harm to the local stakeholders, or at least are not perceived as so. The challenge is to find a solution for
the quantitative problems and the qualitative problems in once. As stated in the NEERI & UNICEF guidance
manual for wise water management the main objective of wastewater management solutions should be to
satisfy the water related needs to the community at the lowest cost to the society whilst minimizing the
environmental and social impacts (NEERI & UNICEF, 2007) . The potential of different solutions for reaching this
objective will be discussed in chapter 7 Solutions.
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Figure 14. The desired situation for the orphanage Leliendaal
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6 Horizontal subsurface flow constructed wetlands

The insufficient treatment of municipal and domestic wastewater in developing countries has led to a start in
the developed world to search for proper wastewater treatment solutions for the developing world. This
search largely resulted in the acknowledgement that constructed wetlands compared to conventional
treatment systems have a stronger potential for the developing countries (Gopal, 1999; Haberl, 1999; Kivaisi,
2001; Nanninga 2008; Rousseau et al., 2008; STOWA, 2005). The use of treated wastewater for a variety of
purposes is gaining increased popularity as a means of preserving scarce freshwater resources. Domestic
wastewater use is increasingly considered a method for combining water and nutrient recycling, increased
household food and water security and improved nutrition for poor households. The application of treating and
recycling domestic wastewater, driven by economic and environmental pressure, is widespread and still
growing (Nkonzo, 2010). These applications include irrigation, fertilization, aquaculture, nature, toilet flushing
water, and even as indirect and possible direct sources of drinking water. The use of wastewater combines the
decreasing of impacts of disposal of wastewater and the beneficial reuse of wastewater. The end purpose of
wastewater determines the required quality of the water and management procedures required to ensure
safety (Nkonzo, 2010). The constructed wetland is one of the major components of the Waterharmonica
concept (STOWA, 2005). The possibilities that come along with the application of the Waterharmonica concept,
shaped by a HFCW, at the orphanage Leliendaal will be further in this report in Paragraph 7.2. Next a
description of constructed wetlands and more on HFCW is provided.

I 6.1 What are constructed wetlands?

The constructed wetland forms the basis from which different types of constructed wetlands are derived. The
horizontal subsurface flow constructed wetland is one of them. Constructed wetlands are defined as:

‘Designed and man-made systems which are aimed at simulating the treatment that has been observed to take
place when polluted water is let into naturally occurring wetlands.”

(Cooper et al., 1996 pp. 2)

The constructed wetland is an eco-engineered water treatment system that can, and should, be placed
subsequent to current water treatment systems (STOWA, 2005). By this manner the constructed wetland,
being a natural wastewater treatment system, can bridge the gap between effluent quality and the required
quality for (re)use. The goal of these systems is to maximize the removal of pollutants in the wastewater and
the reuse potential of the wastewater (WSP-LAC, 2008). Consisting of a filterbed, aquatic emerging
macrophytes and wastewater the constructed wetlands are designed to let natural treatment processes take
place. Figure 15 illustrates the complex physical, biological and chemical treatment processes that remove the
pollutants from the wastewater (UN-HABITAT, 2008). The predominant removal mechanisms are presented in
table 8.
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Figure 15. The complex chemical, biological and physical removal mechanisms (UN-HABITAT, 2008)

Wastewater constituent Removal mechanism
Suspended solids Sedimentation

Filtration
Soluble organics Aerobic microbial degradation

Anaerobic microbial degradation

Nitrogen Ammonification followed by microbial nitrification
and Denitrification

Plant uptake

Matrix absorption

Ammonia volatilization

Phosphorus Matrix sorption
Plant uptake

Metals Adsoprtion and cation exchange
Complexation

Precipitation

Plant uptake

Microbial oxidation/reduction

Pathogens Sedimentation
Filtration
Natural die-off
Predation

UV irradiation

Excretion of antibiotics from roots of macrophytes

Table 8. Predominant removal mechanism in constructed wetlands (Cooper et al., 1996)

Studies in tropical areas have shown that the removal mechanisms of a constructed wetland, if proper
designed, can result in an efficient removal of suspended solids, soluble organics, nitrogen, phosphorus, metals
and pathogens (WSP-LAC, 2008; UN-HABITAT, 2008).
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The removal efficiency and thereby the performance is related to the type of constructed wetland. There are
three constructed wetland variants which are distinguished by their flow conditions:

1. Surface flow or free water surface constructed wetland (FWS CW)
2. Horizontal subsurface flow constructed wetland (HFCW)
3. Vertical flow constructed wetland (VSSF CW)

(WSP-LAC, 2008)

Except from their flow pattern these types also differ from one another in degree of social acceptance, removal
efficiency of certain pollutants, system layout, technical complexity, area requirement, applications, and costs.

So as mentioned previous there is a number of constructed wetland variants. This paragraph will from now on
be concentrating upon the horizontal sub-surface flow system. Nanniga researched the applicability of the
constructed wetland variants and Western technology-intensive wastewater treatment systems in the interior
of Suriname (Nanninga, 2008). According to his research the most decisive argument that determines the
higher chance of success for the HFCW is the absence of surface water and thereby the absence of odor and
health risks linked to contact with wastewater. Other criteria that determine the applicability of the
constructed wetlands and Western technology-intensive wastewater treatment systems that Nanniga selected
were the removal efficiency, construction costs, operation and maintenance, vector breeding risk, and area
requirements (Nanninga, 2008). In the case of the orphanage Leliendaal the interviews taken amongst the
local stakeholders prove that the prospect of black and grey wastewater submerging in a local wetland or other
kind of wastewater treatment would not be accepted by the users of the system and other locals, because of
expected odor (Diran, 2009-2010). The fact that any development at the location of the orphanage Leliendaal
should be developed as a solution for the problems and needs perceived by the stakeholders and only with
their involvement and agreement underpins the choice to further research and development the HFCW.

In the context of wastewater treatment it is highlighted by the Dutch Foundation for Applied Water Research
(STOWA) that the Waterharmonica concept, including the HFCW, can function as a feasible approach in cases
of no or partial wastewater treatment (STOWA, 2005). The current situation with respect to wastewater
treatment in Suriname: insufficient or not maintained septic tanks and disposal of insufficient treated waste
(paragraph 4.3), forms the stimuli for the research on the applicability of the Waterharmonica concept. The
significant role of an eco-engineered wastewater treatment system, as is the HFCW, in a developmental setting
can be underpinned by the similarity between the requirements for wastewater treatment in a development
country and the principles of ecological engineering:

e alow or absent energy (electricity) requirement which is in many places not (reliably) available
e easy operation with low skilled operators

e easy to construct with locally available material

e permanent and continuous operation without too much maintenance

e more or less constant effluent quality (i.e. robust system) when the design is adequately adapted to
local climate and temperature conditions

e possibility to produce biomass (e.g. algae, duckweed, flower plants, various grasses, fish) by making
beneficial use of the available nutrients

e applicable at small and large scale and especially feasible in rural areas
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(STOWA, 2005)

The strength of the constructed wetland lies explicitly in the (re)use potential of the wastewater in terms of
utilizing the water volume as well as the former pollutants, including valuable nutrients (Belmont et al., 2004;
Juwarkar et al., 1995; NEERI & Unicef, 2007; STOWA 2005; Winward G.P. 2007; Wood 1995). The main
weakness of the subsurface flow constructed wetland is expressed in the risk of clogging, mainly related to the
negation of the development of a hydraulic gradient (EPA, 1993; Crites 1994; Cooper et al., 1996; Paulo et al.,
2009; Wood 1995). Other important limitations of constructed wetlands are the large area requirement and
the subsequent availability and affordability of land. Only if land is available and affordable the economical
potential of constructed wetlands can come to expression. The background theories on the design of
constructed wetlands is diverse (EPA, 1998) and still has to be developed for different types of wastewater and
climates (UN-HABITAT, 2008) in favor of reaching a constructed wetland system that is well adapted to its
environment.

I 6.2 Technical description HFCW

A horizontal subsurface flow constructed wetland is called horizontal because the wastewater is fed at the inlet
(distributor) and flows slowly through the bed in a horizontal path until it reaches the outlet zone where it is
collected before leaving via the level control arrangement at the outlet (Cooper et al., 1996). Primary treated
wastewater is led into the wetland through surface or subsurface drainage pipes where it infiltrates the sandy
or gravely medium and is purified by natural treatment processes (STOWA, 2005). It is of importance to notice
that the wastewater before being led into the HFCW system is pretreated (grid and grease removal) and
subsequently primary treated (septic tank for settlement, digestion, elimination of odors). Figure 16 shows a
longitudinal section of a HFCW, the HFCW is build up by:

A waterproof basin is constructed to prevent contamination of soil and groundwater through wastewater
infiltration into the surrounding soils. The other way around the basin avoids infiltration of groundwater into
the constructed wetland when groundwater levels are high (WSP-LAC, 2008), for example the location of the
orphanage Leliendaal has a high groundwater level. The bottom can be sealed by a layer of compacted clay, by
the use of plastic liners (Cooper et al., 1996; WSP-LAC 2008), or reinforced concrete.

Filter material is together with the water depth, the hydraulic retention time (HRT) and the hydraulic loading
rate (HLR) the main parameter influencing the ability of the constructed wetland to remove pathogens (Garcia
et al., 2005; Gross et al., 2007). The medium has three major roles in enhancing the treatment processes. Firstly
the filter particles trap in the solids that are present in the pretreated wastewater, the organic fraction of these
solids then is further degraded. Secondly the medium offers surface for adhesion and development of micro
organisms responsible for the biological degradation. Thirdly the development of wetland plant roots takes
place in the bed. Criteria for selecting the media are particle size and shape which determine the hydraulic
permeability, physical resistance, and porosity (WSP-LAC, 2008; Wood 1995). The selection of the media
depends among others on the influent quality, and the effluent quality that is aimed to reach the standards
required for the end purpose (Cooper et al., 1996). To improve the distribution and limit the risk on clogging
the first and last part of the constructed wetland is designed to have coarser medium. Coarse sand and gravel
are widely used materials.

Wetland plants or also called aquatic plants can be used to function and enhance the treatment processes
occurring in constructed wetlands. Their role is to stabilize the structure of the wetland system, to provide
surface for microbial activity, and to stimulate filtration (WSP-LAC, 2008; UN-HABITAT, 2008). The selection of
wetland vegetation is best based on the performance of the wetland plant with respect to these functions, but
also the wetland vegetation can be of significant value in the aesthetic appearance of the HFCW. Konnerup et
al. (Thailand), Zurita et al., and Paulo et al. (Brazil) describe the selection of ornamental plants, because these
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plants are well adapted to local circumstances and because of their aesthetic value (Konnerup et al., 2009;
Paulo et al., 2009; Zurita et al., 2009). The nutrient containing wastewater enhances the growth of wetland
plant-biomass on the HFCW. This biomass can be utilized to generate income, as some wetland plants are used
as animal fodder and some as ornamental flowers (WSP-LAC, 2008). The penetration depth of the wetland
plant in relation to the depth of the HFCW is of importance, because some plant roots can damage the
impermeable layer.

Inlet and outlet structures are designed to control the distribution, flow path and water depth in the
constructed wetland and thereby the performance of the system. In the HFCW it is aimed to get an even
distribution across the full cross-sectional area of the inlet end to create an optimal hydraulic gradient and to
prevent the bed from clogging (Cooper et al., 1996).
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Figure 16. A longitudinal section of a HFCW (WSP-LAC, 2008)

Surrounding terrain. Next to the previous mentioned constructs of the HFCW, the HFCW should also be
provided with sufficient drainage measures so that surface water is prevented from entering the wetland. Carty
et al. mention an embankment as a suitable measure (Carty et al., 2008). In case of a rising water level due to
clogging of the wetland-medium, the embankment also functions as an obstruction for excess wastewater. In
addition at a certain water level a safety drainage can discharge the excess wastewater to prevent it from
polluting the environment. The fact that the HFCW treats wastewater implies that there is a health risk when
adults, children and animal are allowed to enter the treatment system without appropriate safety measures.
For this reason it is of importance to place a fence surrounding the HFCW (Carty et al., 2008) and to only allow
authorized people that wear appropriate safety items such as boots and gloves (WSP-LAC, 2008).

I 6.3 Performance

The performance of a HFCW in many researches is expressed in the removal of organic matter (BOD, COD),
suspended solids (TSS), pathogens and coliforms (UNEP/WHO/HABITAT/WSSCC, 2004; WSP-LAC, 2008). Most
performance data available for constructed wetland systems are from temperate climates, but the treatment
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performance is expected to be significantly higher in tropical areas because of the high temperatures and the
associated higher microbial activity (Trang et al., 2010; WSP-LAC, 2008). Insight in, and understanding of, the
performance is significant for meeting the required standards for the end purpose of the effluent. Table 9
presents average performances based on HFCW systems for domestic and municipal wastewater treatment in
Nicaragua, El Salvador, Honduras, Peru, Colombia and Brazil (WSP-LAC, 2008). The performance of a HFCW
depends on the design, which should be optimally adapted to local conditions. A large number of the HFCW in
Central American countries is derived from a pilot plant in Masaya, Nicaragua (WSP-LAC, 2008). This proves
that a HFCW pilot plant which provides in a good representation of the potentials of the system in a certain
setting can be a first step in initiating the development of HFCW in comparable settings. It is of importance to
notice that the presence of chlorine disrupts the biological processes and therefore can decrease the

performance of the HFCW.

Wastewater constituent

Main removal mechanism

Removal efficiency in constructed
wetland bed

Organic matter

Biological degradation (by
microorganisms)

High (80-90%)

Suspended solids

Physical sedimentation, filtration.

Biological degradation

High (80-90%)

Nitrogen Biological ammonification, Low (approx. 20-40%)
nitrification-denitrification
Phosporus Chemical and physical absorption Low (approx. 20%)

processes in the filter material

Pathogens® Thermotolerant
coliforms® Helminth eggs

Biological predation, natural die-
off. Physical sedimentation,
filtration

Medium (1-3 log units)“ High (up
to 3 log units)®

a Pathogens such as bacteria, viruses, protozoa, and helminth eggs are disease-causing microorganisms.
b Thermotolerant coliforms are commensal bacteria of the human intestine that serve as indicators of fecal pollution. Residual
thermotolerant coliform concentrations are indicative of the effectiveness of the treatment process in removing bacteria, viruses, and

protozoa.

c Because of the large number of pathogens contained in wastewater, removal efficiency is expressed in log units rather than in
percentages. A 1 log unit reduction corresponds to 90 percent removal efficiency, 2 log units to 99 percent, 3 log units to 99.9 percent,

and so on.
d According to WHO (2006b).

Table 9. Main removal mechanisms in HFCW and Average Removal Efficiencies (WSP-LAC, 2008).

I 6.4 0&M and shared activities

The properties of the HFCW make the complexity and costs of the operation and maintenance relatively low in
comparison to conventional wastewater treatment systems (WSP-LAC, 2008). These properties are that the
system has a relatively high potential for adaption to local circumstances, has a low or absent energy
(electricity) requirement, is easy to operate by low skilled operators, is easy to construct with locally available
material, permanently and continuously operates without too much maintenance, and has a more or less
constant effluent quality (i.e. robust system) when the design is adequately adapted to local climate and
temperature conditions (STOWA, 2005). However the growing of biomass, and the use of effluent for irrigation,
fertilization, toilet flushing water and aquaculture enables the user to save or generate more income, it also
requires effort for operation and maintenance (WSP-LAC, 2008). According to WSP-LAC the operation and
maintenance of the HFCW pilot system in Masaya, Nicaragua, which serves approximately 1000 people, can be
carried out by one adequately trained operator. The operation and maintenance of the pretreatment and
primary treatment is included in the work activities of this operator. The operation and maintenance of the
system pretreatment and primary treatment consists of:

e The removal of coarse solids, sediments and grease from the grid, grease trap and water canals.
e The removal of sludge and scum from the primary treatment (septic tank).
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The operation and maintenance of the HFCW system consists of:

e The removal of sediment and organic material at the inlet and outlet structures.

e The harvesting of the wetland plants according to their growth cycle, and afterwards cleaning of the
filterbed surface. It has been estimated that one person can harvest and clean 50 m’ per day. Help of
local or hired people might therefore be necessary, possibly in exchange for the plants.

e The replacement of clogged filter material when surface flow appears. The time that the HFCW is out
of operation can be shortened by hiring additional labor. According to WSP-LAC it is preferable to
design and construct two HFCW systems so that in case of clogging the water flow can be diverted to
the other system.

e The arrangement of the adjustable outlet structure.

(WSP-LAC, 2008)

These activities are carried out to regulate the water flow, maintain the water depth, and ensure a proper
hydraulic retention time. In the case of a pilot, monitoring and research activities are of significance and should
also be taken into account. This for example includes the measurement of flow patterns and the sampling of
influent and effluent water. When the staff of the orphanage Leliendaal would decide to involve the older
children in the O&M of the HFCW, and the harvesting and binding of the flowers (Paragraph 7.2.2) the general
O&M can be performed sufficiently after proper training. However the monitoring and ‘research-oriented’
activities require skilled labor. For that reason cooperation with the ADEK University of Paramaribo offers
potential. The ADEK University already intensively cooperates with the NVB and was involved in the workshop
on wastewater management (PART I, 2009). The ADEK University has been consulted for this research and
during personal communication with staff members of the Faculty of Technological Sciences it was made clear
that there is interest in such a project. With the eye on educational purposes and community building the two
neighbor schools and farmer Koenraadt should also be involved. An initial step towards a future Surinamese
generation that is aware of the value of wastewater and its potentials can then be made. With these
stakeholders involved an innovative project with the aim to make beneficial use of wastewater by constructing
a HFCW at the orphanage Leliendaal than would have a strong base in the Surinamese society.

I 6.5 Design of a HFCW for the orphanage Leliendaal

This section presents the design of a HFCW for the orphanage Leliendaal to treat the domestic wastewater,
which consists of black and grey wastewater. From the general recommendations in Appendix B of WSP-LAC it
becomes clear that a constructed wetland treatment plant should at least be build out of two units to enable
sufficient and adequate O&M (WSP-LAC, 2008). The design in this report is based on a single unit (one HFCW),
but it is also investigated if the available area is sufficient for two units. The desired performance of the
selected technology and the boundaries set by its environment frame the design possibilities. This is explained
by Wood in his description of the fundamentals of constructed wetlands: ‘The land area and engineering
required to establish the correct constructed wetland arrangement is largely related to the degree of treatment
required from the system in relation to the social and aesthetic objectives and topography of the site available.
(Wood, 1995 pp. 22). The land area that currently is not used, because of its wet conditions, covers
approximately 875 m” (width-length is 25m-35m).

The degree of treatment depends on the required water quality for the end-purpose. Examples of beneficial
uses of wastewater for the orphanage Leliendaal are given in paragraph 7.2, being reuse for toilet flushing,
flower production, irrigation for agriculture, and aquaculture. As toilet flushing has the highest water quality
requirement the design aims on reaching the standard for toilet flushing. Socially and aesthetically the
designed system takes into account the desire of the stakeholders at Leliendaal: water reuse for toilet flushing,
no odor and a system with a natural appearance. Topographically the site contains some difficulties, because of
the relatively low ground level of the available area, which makes entirely gravitational transfer of the
wastewater impossible.

Next paragraphs describe the dimensioning and media selection, the sealing of the bed, the inlet and outlet
arrangements, and the wetland plants.
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B 6.5.1 HFCW dimensions

The mechanisms of wetland systems are simplified by modeling the removal of BOD. Cooper and Vymazal give
the following equation which was first proposed by Kickuth in 1977 and is used for domestic wastewater
treatment (Cooper et al., 1996; Vymazal et al., 1998; Vymazal, 2005):

A =Q, (In Cln C) / Kypp 20)

where A, = surface area of bed (m?) E
Q, = avarage flow (m’ d™)
C, influent BOD, (mg I")
C, = effluent BOD; (mg I'")

Kgop= rate constant (m d')

The basic relationship for plug-flow reactor is given by the following formula (Vymazal et al., 1998):
C/C, = exp (-K.t) 21)

K, = temperature-dependent first-order reaction
rate constant (d!) _
t = hydraulic residence time (d)

The hydraulic residence time, also referred to as the hydraulic retention time (HRT) can be expressed (Vymazal
et al, 1998):

t = Vn/Q, = LWdn/Q, = A dn/Q, (22)

where V = bed volume (m?)
n = porosity of the system as a decimal
fraction
L = length of the system, parallel to flow
path (m)
W = width of the system (m)
d = design depth of the system (m)

Substituting equation 22 in equation 21 will result in equation 20. In this equation the constant rate KBOD is
equal to the expression:

KBOD = Kr*d*n (23)

The rate constant KT is temperature dependent, which especially for Suriname can result in significant
differences in design as the average temperature lays around 27.3 C". The following equation describes the
temperature dependence of KT (Vymazal et al., 1998):
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Kr = Ky (11T (24)

where K, = rate constant at 20 °C (d!)

T = operational temperature of system
(°C)

The factor KBOD has been measured in Denmark and the UK showing a good deal of scatter. The measured
factor KBOD’s were 0.083 m/d for 49 systems in Denmark, 0.067 to 0.1 in the UK, and 0.06 was found in
another research in the UK. It seems that the KBOD increases with the age of the system (Vymazal et al., 1998).
At present a value of 0.1 for the KBOD is deemed appropriate for secondary treatment of domestic wastewater
(Cooper et al., 1996; Vymazal, 2005). Qd is calculated in paragraph 5.1.2, being 13.24 m3/d. Since no local data
on the constituents of the wastewater was available at the time of research the BOD concentration of the
influent is assumed to be 300 mg/I (this is Co). This influent BOD concentration is derived from literature.
Metcalf & Eddy classify the composition of untreated domestic wastewater in the USA in low strength, medium
strength and high strength wastewater. The strength refers to the approximate flow rate, being respectively
750 |/cap/d, 460 I/cap/d, and 240 I/cap/d. The low strength wastewater contains a BOD of 110 mg/I, the
medium strength 190 mg/|, and the high strength 350 mg/I (Metcalf & Eddy, 2004). Cooper describes the
normal strength domestic wastewater in the UK with a BOD concentration in the range of 150 to 300 mg/I
(Cooper et al., 1996). According to WSP-LAC in Nicaragua the BOD concentration of domestic wastewater is
about 270 mg/I (WSP-LAC, 2008). The reduction of the BOD concentration by pretreatment and primary
treatment, subsequent to secondary treatment, is not yet included in the value given by Metcalf & Eddy,
Cooper, and WSP-LAC. However after these treatments the BOD concentration can be as low as about 100 mg/I
(UNEP/WHO/HABITAT/WSSCC, 2004; WSP-LAC, 2008) the value that will be used in the calculation of the
required area of the bed for the orphanage Leliendaal is 300 mg/I. As mentioned the requirements for toilet
flushing water set the standard for the effluent concentration of the HFCW system that will be designed.
Metcalf & Eddy state that the BOD concentration in water for toilet flushing is deemed appropriate at 10 mg/I
(this is Ct)or lower. The ‘Canadian Guidelines for Household Reclaimed Water use for Use in Toilet and Urinal
Flushing’ also propose a BOD concentration of 10 mg/I (Health Canada, 2007). Other parameters that are of
significance for this kind of water reuse are amongst others the pH, the turbidity, and the amount of present E.
coli bacteria.

As Qd, Co, and Ct are known, the KBOD needs to be calculated with equation 23 and 24. The operational
temperature (T) of the system is 27,3 C” and the K2o value is given by Wood:

Media Type Max 10% Porosity Hydraulic Kio
Grain Size.mm {m Conductivity
(K, m*m?.d
Medium Sand 1 0.42 420 1.84
Coarse Sand 2 0.39 480 1.35
Gravelly Sand 8 0.35 500 0.86
— —

Table 10. Constants per media type for calculating the KT value of horizontal subsurface helophyte filter effluents (Wood,
1995).

From this table the Kao value of 0.86 is selected for further calculations, because a gravelly media is generally
recommended to prevent the system from clogging (Cooper et al., 1996; WSP-LAC, 2008). The depth of the
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media should be at least over the rooting depth of the wetland plants to prevent damage of the impermeable
layer and is recommend by WSP-LAC to be 60 — 80 centimeters (WSP-LAC, 2008). Now the Kr and subsequently
the KBOD can be calculated with equation 24:

Kr=0.86* (1.1)%"3-2
Kr=172d"*
The depth of the bed is selected to
KBOD=1.72*0.6 *0.35
KBOD =0.36 m/d
Using Kickuth’s formula the surface area for the HFCW then becomes:
An=13.24 (In 300 - In 10) / 0.36
An =124.35 m?
This results in the following hydraulic retention time (HRT):
HRT =124.35*0.6 *0.35/13.24
HRT =1.97 d, which is almost 2 days

A length-width ratio (aspect ratio) of 2:1 is deemed appropriate for adequate functioning (Garcia et al., 2005)
and fits in the local available area at the orphanage. This results in a HFCW that is approximately 16 m in length
and 8 m in width. Including embankment that has a width of 2 m (and a height of 1 m) this would become 20 m
to 12 m. To ensure drainage the slope gradient of the base of the bed is generally selected to be 1% (Cooper et
al., 1996), which is equal to a decline of 0.01 meter per meter. The total decline of the HFCW for the orphanage
Leliendaal as designed above will thus be 0.16 meter.

The total area for one HFCW is 124.35 mz, from this can be concluded that the construction of an equal-sized
second unit suits the available area of 875 m” ( 25 m width — 35 m length). The arrangement of the two units
can be side by side or in sequence, which respectively results in a surface of 22 m width to 20 m length, or 12 m
width and 38 m length (the inner dike forms embankment for both units). If the units are placed in sequence
the old shed that is used by the people of the orphanage for placing their rubbish (metals, wood, old pieces of
furniture) should be moved. In paragraph 6.5.2 the arrangement of one unit will be discussed, accept from the
probably lower costs for a second unit, all the other data also account for the second unit. 0&M of course
increases as a consequence of installing two units. Figure 17 presents a possible arrangement of a one-unit
HFCW at the orphanage Leliendaal with at the end a second water tower from where reclaimed water can be
further distributed.
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Figure 17. Centralized domestic wastewater supply from current septic tanks and grey wastewater sources to a one-unit
HFCW with distribution to a second water tower. Not to scale.

I 6.5.2 Construction, surrounding, sealing of the bed and costs

For the combined treatment of black and grey wastewater (respectively coming from the septic tanks and
direct from the households) the different flows is centralized to a main canal that leads to a distribution box.
From here the domestic wastewater is led into the inlet arrangements of the HFCW. After treatment the water
is led through the outlet arrangements into the collection box, from where it can be discharged in the surface
water, or obtained for other beneficial uses. For the use of treated wastewater duplication of the distribution
network is a necessity (Annex 3), as are other safety measures like 1) the installation of a separate storage
system (a second watertower) 2) the use of color-coded pipes, buckets and labels to distinguish reclaimed
water from potable water distribution pipes, 3) backflow prevention devices, and 4) periodic use of tracer dyes
to detect the occurrence of cross contamination in potable supply (Metcalf & Eddy, 2004). The high ground and
surface water level at the orphanage Leliendaal make it impossible to safely operate the HFCW on gravitation.
To prevent the wastewater from backflowing, which would contaminate the HFCW, the HFCW system should
be elevated above the existing surface water level (Figure 18). The distribution box at the start of the system
requires an electronic submergible pump. Another important reason for the elevation of the HFCW is the
occasionally high daily precipitation in tropical Suriname. This can disrupt the functioning of the HFCW, and
therefore an overflow should be constructed. Depending on the daily maximum amount of rainfall, the excess
water during this rain periods can be leaded to the distribution box or to the surface water. The height on
which the overflow should be located depends on the water tolerance of the selected wetland plants and the
amount of water that needs to be discharged. The height of the surrounding dikes should be kept as low as
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possible, because the surface of these dikes harvests extra rainwater which will be added to the volume of
water in the constructed wetland.

Horizontal subsurface flow constructed wetland

Collection box

1
Safety drainage / \ k
i

Distribution box Surface water
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Figure 18. A longitudinal section of the HFCW for the orphanage Leliendaal.

The sealing of the bed can take place by using a liner or membrane (high density polyethylene, low density
polyethylene, geomembrane), reinforced concrete, or a combination of compressed clay with liner/membrane.
The latter means that the embankment and the first 2 meter of the horizontal base of the bed are sealed with
liner/membrane, the remainder of the horizontal base of the bed consists of compressed clay to reduce costs.
The diagonal surfaces at the sides cannot be sufficiently sealed by compressed clay, because the horizontal
movement of water in the soil is much larger than the vertical (Van Alen, 2009-2010). According to Cooper et
al., the use of compressed clay is advisable when the local soil has a high clay content and a conductivity of 10
m/s. The hydraulic conductivity of the available area is not measured, but because of the high clay content of
the soil is expected to be suitable as impermeable layer for the horizontal part of the base of the bed. For the
sealing with liner/membrane as well as for the sealing with reinforced concrete accounts that the bottom and
the sides of the dikes are sealed. The costs for the construction of a HFCW with different types of sealing,
including landfill and dikes, filter bed costs, distribution and collection boxes, pipes for duplication and
inlet/outlet, a second water tower, and a submergible pump are presented in table 11.

Construction costs for a horizontal subsurface flow constructed wetland of 124 m2
to be build at the orphanage Leliendaal (incl. embankments 235 m2)

Costs, | Costs,
System constructs SRD EURO
Landfill and dikes 9927 2482
Sealing of the bed:
- | reinforced concrete 27485 6871
- | liner/membrane 39038 9760
clay +
- | liner/membrane 32158 8039
Filter bed (media) 1476 369
Distribution box + collection box 1272 318
Pipes (duplicated + inlet/outlet) 9936 2484
Water tower 2699 675
Submergible pump 460 115
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Total costs HFCW, concrete 53255 13314
Total costs HFCW, liner/membrane 64808 16202
Total costs HFCW, clay + liner/membrane 57928 14482

Table 11. Construction costs for a HFCW of 124 m2 to be build at the orphanage Leliendaal.1 EURO = 4 SRD.

I 6.5.3 Inlet and outlet arrangements

The aim of the inlet arrangement is to get even distribution across the full cross-sectional area of the inlet end

of the bed (Figure 19). The entry-zone, which is supplied with domestic wastewater from the distribution box,

can be provided with a surface or subsurface inlet arrangement. In the former case buried pipes with pointing

riser pipes are installed. The riser pipes are fitted with a vee-notch and have sliding collars which allow the flow

to be adjusted (Cooper, 1996). The advantages of this arrangement are the ability for future adjustment and

access for maintenance. The subsurface inlet can be arranged by perforated pipes or pipes with valved outlets

(EPA, 1993). The advantage of this arrangement is mosquito and odor control. The United States Environmental

Protection Agency (EPA) recommendeds to use coarse rock (8-15 cm) entry-zone (0.5 meter long), to ensure

rapid infiltration and to prevent ponding and algae development (EPA, 1993). The rocks can be held together

with a wire-mesh gabion (Cooper, 1996). In addition the entry-zone might best be shaded with vegetation or a

structure in warm and sunny countries (EPA, 1993).

The outlet arrangement aims on collecting the
treated wastewater across the full cross-
sectional area of the outlet end of the bed and
discharging it to the collection box. The outlet
structure consists of a drain-pipe placed at the
bottom of the bed in a 0.5 meter long gabion
(Cooper, 1996). The drain-pipe feeds into the
collection box where the water level is
controlled by a adjustable outlet (Annex 1) to
maintain an adequate hydraulic gradient. In
addition the adjustable outlet has a function in
the operation and maintenance of the system.
The adjustable outlet allows the operator to rise
or lower the water level. The former can
encourage the development of newly planted
vegetation and suppress undesirable weeds, the
latter can be carried out to anticipate of high
precipitation (EPA, 1993).
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Figure 19. Inlet zone, media zone (course gravel), and outlet zone of a HFCW.

I 6.5.4 Wetland plants

Paragraph 7.2.2 will describe the possible to select wetland plants for the beneficial use of wastewater.
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7 Solutions

Suriname has a high precipitation. Due to the insecure water conditions at the orphanage Leliendaal it is
important to optimally conserve, manage, treat and (re)use fresh water in favor of reaching the desired
situation of the orphanage Leliendaal. In this chapter possible steps to solve the water problem and to seek
self-reliability are described. The solutions will not each on its own solve the problems defined in paragraph
5.2, but have different effects on the situation at Leliendaal. Due to the fact that there also is a difference in
implementation-time and effect-time the solutions are divided in short and long term solutions. The short term
solutions, which will mainly deal with the water use (paragraph 7.1.1) and the expansion of the water storage
capacity (paragraph 7.1.2), only tackle the quantitative problem. A prerequisite for water security improvement
by changed water use (paragraph 7.1.1) is the execution of the expansion of the storage capacity, because else
wise the saved amount of water cannot be stored. Paragraph 7.2 presents the long term solutions, of which
paragraph 7.2.1, 7.2.2 and 7.2.3 specially refer to the Waterharmonica concept. The solutions presented in
these paragraphs attempt to bridge the quality gap between effluent from current wastewater treatment and
the required water quality for the end-purpose. They have the largest potential to tackle the water shortage
(by reuse) and the qualitative problems (by treatment) in favor of reaching water security. Paragraph 7.2.4
proposes the improvement of the water infrastructure, which is a prerequisite for agricultural activities
(paragraph 7.2.3) as the water conditions else wise are too wet and brackish. The required water quality for the
end-purpose (toilet flushing, fertilization, irrigation, aquaculture, groundwater recharge, surface water
replenishment, nature development) is related to the norms and standards concerning the different types of
(re)use. Metcalf & Eddy state the fact that there is always a statistical probability of infection due to the
exposure to reclaimed water. However, relatively, that is to say in comparison to other sources of available
water, the practice of wastewater treatment and reuse cannot be construed as unsafe (Metcalf & Eddy, 2004).
The safety is a consequence of a comparison between the acceptable level of risk and the actual risk, from
which the former should be defined by the regulatory agencies (Metcalf & Eddy, 2004) and the latter should be
the result of research.

I 7.1 Short term solutions

Knowledge on the time required for the development and implementation of any of the solutions that will be
described next is a criteria for the decision making of the stakeholders. Paragraph 7.1 and 7.2 will respectively
inform on the short and long term solutions.

I 7.1.1 Water use

The water use of 165.5 liter/capita/day at the orphanage Leliendaal is in comparison to the 136 liter/capita/day
(Kampf, 2009c) in the Netherlands high. The adaptation of Western sanitary habits and technologies combined
with the local bathing habits has led to this use. Major concern should be the presence of a cistern-flush toilet
system at a location were fresh water is limited. Despite of the potential of ecosanitary engineering by using
Urine Diverting toilets (Nghien & Calvert, 2000), the chance of succeed of such a system at the orphanage
Leliendaal is small. The embeddednes of ‘everyday activities’ and the habituation to Western techniques, in
combination with the required high acceptance of the UD toilet would probably prevent the implementation
and adoption of UD toilets. Assuming the existing cistern-flush toilet system will remain, simple common sense
with respect to water use can play a role in decreasing water use. Educational activities and information on
limiting fresh water use can help the adults and children to find their own ways of decreasing water needs. Any
change in water use should preferably be created among the users themselves. A few suggestions that where
mentioned by the participants of a workshop on wastewater treatment (PART Il, 2009) of saving fresh water
are described next:
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e Closed tap during the use of soap and shampoo
e Substitute one of the three daily showers by bathing with a bucket (10 liter)
e |Install urinals in the boys building

For the latter two the potential with respect to saving fresh water and future costs will now be described. The
possible costs and benefits depend on the economic scenario’s (Paragraph 5.1.5) as they are presented in table
11. Assuming that each dry period initially has full storage capacity of 164 m? leads to the notice that a changed
water use will anyway have effect during dry periods (coping strategy). To further increase the surmountable
dry period a changed water use can only have effect when the storage capacity of the orphanage is expanded
(Paragraph 7.1.2).

‘ 7.1.1.1 Technical description

Any change in water use will not necessarily be technical. The use of a 10 | bucket for bathing proves this. In
contrary the installation of urinals is a technological measure. Since the toilets, showers and the majority of the
taps already have pressure valves the chance to find another new technical improvement is small. With respect
to the water shortage it could be a solution to install urinals in the boys building. A urinal is a toilet facility
where only men and boys can pee, from a standing position. Like the name says only urine can be processed.
Different urinal types are available and the ‘pressure flushing valve type’ with a flush volume of maximum 1.5
liter is deemed appropriate for the orphanage. The urinals should be installed at proper height for the boys.

7.1.1.2 Performance

A urinal system has no influence on the quality of the human urine disposed in it. Depending on the desired
end-product the urinal can be discharged in the septic tank and be treated, or the urine can be processed
individual and reused as a fertilizer. Experience on the reuse of urine, which is stored for a while and
subsequently is diluted with water, in the interior of Suriname has shown significant increase in production
(Aboikoni, 2010). The high acceptance that is required for reusing urine and the current absence of any
agricultural activity at the orphanage makes the reuse of urine an unrealistic objective. This leaves the major
advantage of installing urinals being a decrease in water use. This decrease is 17 liter/boy/day assuming the
boys will visit the urinal twice a day in stat of visiting the cistern-flush toilet. Currently 37 boys life at the
orphanage so daily a volume of 629 liter will be saved. The once-daily use of a 10 | bucket instead of taking a
shower saves a daily amount of the financial value of this water will be described in the paragraph 7.1.1.4.

7.1.1.3 Operation and maintenance

After being properly installed a urinal mainly needs to be cleaned to maintain hygiene. In some cases owners
choose to put in a urine deodorizer block against odor, and a plastic mesh guard to prevent solid objects to be
flushed and/or clog the pipes. The deodorizer block needs to be replaced regularly and solids have to be
cleared from the plastic mesh guard.

7.1.1.4 Costs and benefits

The total cost for installing three urinals in the boys building is approximately 780 SRD. After being well
explained how to use the urinals the boys at the orphanage will be able to save a daily volume of 629 liter of
fresh water. The amount of money that this water expresses depends on the future developments in relation
to the charges on supplied water. The scenario’s from paragraph 5.1.5 are applied:

1 The orphanage will be able to monthly exploit their full fresh water storage capacity, build up totally out of
harvested rainwater. Additional water needs will require the use of supplied water by the SWM. Should be

60



noted that this scenario does not take into account the much higher supply needs and corresponding costs
during dry periods, when the orphanage’s fresh water storage capacity will not be sufficient.

2 When the orphanage’s fresh water storage capacity during dry periods is not sufficient any more, the need
for water supply automatically will increase. This means the orphanage will be obligated to increase their use
of charged water. The costs in case of this scenario, depending on the duration of the dry period, will vary

between the water supply costs of the first and the third scenario.

3 The orphanage will be, as a consequence of commercial rights of the SWM, obligated to fully make use of
potable water supply by that company. This is the bad scenario.

In scenario 1 the orphanage will save an amount of 623 SRD yearly by installing three urinals. In case of
scenario 3 this amount will be equal to 736 SRD. The saved money corresponding to scenario 2 varies between
623 and 736 SRD, depending on the duration of the dry period. Table 12 shows the financial effects of installing

urinals and using once-daily a 10 | bucket for bathing.

\Water supply costs and saved costs by three urinals and once daily bucket use for bathing
Urinals Once-daily 10 L bucket
Monthly

Monthly Monthly costs Monthly Yearly costs

required water Yearly water | saved by | Yearly costs costs saved [saved by

supplied [supply costs,| supply costs, | urinals, | saved by |by bucket |bucket use,

water, m3 SRD SRD SRD urinals, SRD juse, SRD SRD

scenariol| 232 638 7657 52 623 132 1584
scenario 2| 232-396 | 638-1287 | 7657-15449 | 52-61 | 623-736 | 132-156 | 1584-1872
scenario3| 396 1287 15449 61 736 156 1872

Table 12. Water supply costs and saved costs by three urinals and once daily bucket use for bathing. 1 SRD = 0.25 EURO

Depending on the scenario the duration in which financial investment in the three urinals is earned back, will
be between 13 and 15 months. The possible water saving solution of using once-daily a 10 | bucket for bathing
will initially only cost the price of a 10 | bucket, which is earned back in maximum 6 months. After the periods

of earning back the measurements are actually saving money.

7.1.1.5 Human and environment

Since there are no measurements taken in favor of the treatment of wastewater the disposal of insufficient

treated black and grey wastewater will continue.
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I 7.1.2 Expansion of the fresh water storage capacity

‘ 7.1.2.1 Technical description

The orphanage Leliendaal has no other sources than the potable water supply by the Ministry of Natural
Resources and harvested rainwater. The potential rainwater that can be harvested depends on the amount of
precipitation on the harvestable surface. As described in paragraph 5.1.3.2.1 of this report the harvested area
of the orphanage Leliendaal is 1495 m2. The 139 m2 roof surface of the tribune also has potential for
harvesting, but is not yet harvested. Based on the average yearly precipitation of 2104 mm table 13 provides
the potentially harvestable amount of rainwater.

Potential harvestable rainwater at the orphanage Leliendaal

Average Rain on Rain on non

precipitation harvested harvested

mm surface m3 surface m3
January 189.0 282.6 26.3
February 140.0 209.3 19.5
March 124.0 185.4 17.2
April 182.0 272.1 25.3
May 297.0 444.0 41.3
June 315.0 470.9 43.8
July 206.0 308.0 28.6
August 164.0 245.2 22.8
September 106.0 158.5 14.7
October 99.0 148.0 13.8
November 117.0 174.9 16.3
December 165.0 246.7 22.9
Total 2104.0 3145.5 292.5

Table 13. Potential harvestable rainwater at the orpahange Leliendaal. Evaporation losses are assumed to be negligible.

The shortage is caused by the duration of the dry periods in Suriname in combination with the storage capacity
of the orphanage. Since the fact that the total amount of rain falling on the harvestable surface is much larger
than the fresh water storage capacity the most convenient method to harvest significant more rain is to
increase the storage capacity. For example the tribune roof can harvest rainwater which can be stored in new
storage tanks. Yearly this would provide in over 290 m3 of rainwater.

To expand the fresh water storage capacity calculations have been made with respect to the water needs per
week of drought (Figure 19). The main reason for the calculation per week is the lack of insight in the exact
frequency and duration of the dry periods in Suriname. Known is that extra capacity is required because of the
current water shortage that occurs after a rainless period of 18 days. The calculated ‘per week of drought
required fresh water storage capacity’ at the orphanage allow the stakeholders and future engineers to choose
a desired situation. For example: the allowed situation, determined by the stakeholders, is to have only water
shortage once every 20 year. When, according to daily precipitation data from Leliendaal, a rainless period of
minimal 2 months occurs once every 20 year the fresh water storage capacity of the orphanage must be
designed to store fresh water that meets the water needs during those two months. Looking at the pink line in
graph the extra fresh water storage capacity meeting that need should be 330 m3.
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Figure 19. Required expansion of the fresh water storage capacity (m3) per period of drought (weeks)

So depending on the allowed duration of the dry period, assuming normal daily water use and water supply by
NR every other day, the expansion of the fresh water storage capacity is given:

For each week of drought a fresh water storage capacity of approximately 62 m3 is required.

With the eye on future acquisition of the potable water supply by the SWM it is interesting to investigate the
potential of expanding the storage capacity. The weekly supply of 30 m3 than has to be added to the rainwater
storage capacity, while this volume should be harvested and not supplied. In that case the required storage
capacity per extra week of drought is 92 m3.

There are two main ways to store fresh water in Suriname. These are durotanks and concrete tanks. Both have
proved to sufficiently fulfill the required characteristics for water storage, and they are both already present at
the orphanage. An expansion of the storage capacity would, in the case of the orphanage Leliendaal, mean that
a yet to be decided volume of multiple durotanks or one concrete tank will be constructed. The durotanks are
designed to resist maximum water pressure and the material is impermeable to light. Although it is generally
recommended to construct any kind of water storage tank partly beneath ground level in favor of the water
quality and construction strength, the case of Leliendaal shows that in practice this is not always done.
Durotanks have a maximum volume of 1000 US gallon (3780 liter), while a concrete tank can be designed at
any volume. In case of installing extra durotanks the design should be similar to the currently present system:
several connected durotanks placed on a concrete basis with pipes that allow the tanks to communicate in
favor of an even and automatic distribution of the fresh water, induced by gravity. One or a few of the
durotanks should be connected to the gutters of the roof. Same counts for a concrete tank, which differs from
the durotanks only in sense of material and volume. The concrete tank will from bottom to the top consist of a
reinforced concrete foundation, reinforced concrete sidewalls, vertical reinforced concrete poles distributed
evenly through the tank volume, and a horizontal grid of reinforced concrete poles with reinforced concrete
lids placed on the top. A concrete tank, more often than a durotank, is partly placed beneath ground level to
strengthen the construction and lower the material costs. Due to the similarity in performance a selection of
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possible to construct fresh water storage tanks will be based on the costs and the possible (aesthetic)

arguments of the local stakeholders at the orphanage.

7.1.2.2 Performance

The objective of the storage construction(s) is to harvest, store and maintain sufficient water quality for

drinking. For this reason the design is made to keep the water relatively cool, dark and covered. For both

durotanks and concrete tanks applies that the quality of the water is good in the initial stage and will remain so

if good O&M is performed. The system can be vulnerable in time to contamination, algae growth and warming

(NWP, 2006b). The stakeholders of the orphanage Leliendaal have significant experience with the storage of

fresh water, however the quality of the water in the tanks is never measured.

‘ 7.1.2.3 Operation and maintenance

The operation and maintenance of the artificial constructions can be called moderate (NWP, 2006b). The

activities consist of checking the stored water for algae and contamination on a regular basis. Further the water

from the storage tank has to be pumped into the water tower. The stakeholders know the type of activities

associated with water harvesting and due to this experience their awareness on the operation and

maintenance included to the system is good. The sufficient operating of an expanded fresh water storage

system at the orphanage Leliendaal is guarenteed. However the fact that Mr. and Mrs. Diran perceive the

quality of the water to be sufficient (Diran, 2009-2010), without ever testing it, could cause future problems.

Therefore it is of importance that the quality of the harvested water is checked regularly.

7.1.2.4 Costs and benefits

When the required volume is determined the costs of the water harvesting system depends in the first place

on the type of storage tank: durotanks or concrete tanks. Calculations resulted in the notice that economy of

scale accounts for the latter one. To provide some insight in the possible costs of expanding the fresh water

storage capacity two different desired situations are taken (Table 14). Both express the wish to overcome a

certain duration of drought. The first desired
expansion of the fresh water storage capacity
is designed to have no shortage during a dry
period of 4 weeks, the second one to have no
water shortage during a dry period of 7
weeks. It is of importance to highlight that
the surmountable dry periods presented in
the table include the already present fresh
water storage capacity of 164 m3, which is
responsible for the surmount of 18 rainless
days.

Table 14. Costs for expanding the storage capacity.
1 SRD=0.25 EURO

The period of 7 weeks is selected, because
this fits the harvestable volume of water
from the tribune roof. Due to the linear

Costs (SRD) for different expansions of the fresh water

storage capacity (m3)

Expansion of

Expansion of

82 m3 288 m3

Total surmountable dry
period (incl. current 164 4 weeks 7 weeks
m3)

21420 68689
Durotanks, SRD
Value of dug clay, SRD

11676 34245
Concrete tank, SRD

1400 5000

Value of dug clay, SRD

character of the costs related to an expansion with durotanks, it can be stated that for each extra week of

drought that the orphanage needs to overcome, approximately 15750 SRD is required for construction. In

contrast the same expansion by building concrete tanks requires at max approximately 10000 SRD. As the table

shows the costs for constructing a concrete tank are relative low and do decreasingly increase. Or in other
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words the bigger the required volume, the lower in price each extra cubic meter becomes. The amount of clay
that is obtained from the digging work has a market value of 25 SRD/m3 and can be used for landfill of the
HFCW (paragraph 6.5.2). The economical value of the dug clay is excluded from the figures in the table.

’ 7.1.2.5 Human and environment

Since there are no measures taken in favor of the treatment of wastewater the disposal of insufficient treated
black and grey wastewater will continue.
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I 7.2 Long term solutions and opportunities: domestic wastewater reuse purposes

Which are the required characteristics of the end-product? If a system is designed to this it’s a smart system:
Reversed sanitation design. NWP 2006

In this paragraph the solutions that can solve the fresh water shortage and the disposal of insufficient treated
wastewater are presented. By practicing the Waterharmonica concept these solutions have the potential to
bridge the gap between the current state of treated wastewater and the required state for different kinds of
(re)use. One of the implications of these solutions is that the development and implementation requires a
higher investment in time due to the higher complexity, and has a higher level of novelty compared to the
short term solutions and the current present wastewater treatment systems. The long term solutions which
represent the opportunity to gain from treated fresh wastewater are presented in paragraph 7.2.1,7.2.2,7.2.3
and 7.2.4.

B 7.2.1 Toilet flushing

As UNEP states ‘The use of lesser quality water for non-potable uses reduces the use of limited fresh water
resources’ (UNEP, 2004 pp 69). The flushing of the toilet thus can be carried out with water of lower quality
than potable water which is especially suitable in the coastal region of Suriname were fresh water is scarce.
Through flushing the toilet with treated wastewater from the HFCW described in Chapter 6 the orphanage
Leliendaal, the NVB and World Waternet (and other future involved parties) can by one means reach the desire
of having sufficient fresh water AND solve the problem of insufficiently treated domestic wastewater.

A similar solution earlier has been searched for by Mr. Diran and farmer Koenraadt. They dug two ponds on the
ground of the orphanage Leliendaal to use the water in it for toilet flushing. Differently than expected they
found that the water became brackish in a short time due to interaction with the surrounding surface and
ground water (Diran, 2009-2010; Koenraadt, 2009-2010). This effort thus failed because of the salinity of the
water, which made it inappropriate for toilet flushing. Even if an investment in corrosion resistant materials
and a duplication of the distribution network can be overcome, the quality of the water in the ponds probably
is similar to the rest of the surface water. This water is contamined with insufficiently treated wastewater from
the septic tanks and is not suitable for toilet flushing water (Metcalf & Eddy, 2004). Secondary treatment thus
is a requisite for wastewater use in the toilets. In comparison with treatment of the black and grey wastewater
the treatment of water with a high salinity is more complex and will require expensive corrosion resistant
materials (UNEP, 2004). For this reason the choice is made to treat the domestic wastewater from the
orphanage Leliendaal.

‘ 7.2.1.1 Technical description

The major technical requirement is a properly functioning wastewater treatment plant. The black wastewater
flow should be primary treated in a septic tank before it is combined with the grey wastewater and led in the
HFCW. The grey wastewater should pass a grid and a grease tank. The reclaimed wastewater can be distributed
to the toilets in a distribution network that is totally separated of the potable water network. Duplication of the
distribution network thus is a necessity. Next to the duplication of the distribution network Metcalf & Eddy
describe safety measures for the use of wastewater for toilet flushing: 1) the installation of a separate storage
system (a second watertower) 2) the use of color-coded pipes, buckets and labels to distinguish reclaimed
water from potable water distribution pipes, 3) backflow prevention devices, and 4) periodic use of tracer dyes
to detect the occurrence of cross contamination in potable supply (Metcalf & Eddy, 2004).

‘ 7.2.1.2 Performance

The HFCW that will feed the toilet system at the orphanage Leliendaal (if the reclaimed wastewater will be
used for toilet flushing) is designed to reach the standards for toilet flushing water as they are provided by the
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Canadian Health organization (table 15). These are not Surinamese standards, because the government of
Suriname has developed no guideline for wastewater (re)use. It is of importance to notice that Suriname

currently has a law that prohibits the use of treated black wastewater (Stuart, 2010). This regulation should be

adapted when the risk of using reclaimed wastewater for toilet flushing has an, by Surinamese regulatory
agencies perceived, acceptable level. The Surinamese government should develop guidelines in favor of
reaching this. The performance of the wastewater treatment plant designed in Chapter 6 thus should be
carefully monitored and the data obtained should be evaluated so that acceptable risk levels can be

determined.

Guideline values for reclaimed water used in toilet and urinal flushing”

Water quality parameters

Parameter Units Median® Maximum

BOD; mg/L <10 <20

TSS" mg/L <10 =20
Turbidity® NTU =2 (alternative to TSS) <=5 (alternative to TSS)
Escherichia coli CFU/100 mL Not detected <200
Thermotolerant coliforms CFU/100 mL Not detected <200

Total Chlorine residual® mg/L =0.5

* Unless otherwise noted, recommended quality limits apply to the reclaimed water at the point of discharge from
the treatment facility or treatment unit. BOD; = five-day biochemical oxygen demand; TSS = total suspended
solids; NTU = nephelometric turbidity unit; CFU = colony-formung unit.

Median of at least five samples collected over a 30-day period.

Measured prior to disinfection point.

% Measured at the point where the treated effluent leaves the reservoir or storage.

Table 15. Canadian Guidelines for reclaimed water used in toilet and urinal flushing (Canada Health, 2007)

7.2.1.3 Operation and maintenance

Next to the operation and maintenance of the wastewater treatment plant described in paragraph 6.4 the
main task is to periodic detect the occurrence of cross contamination in potable supply. This can be done by

using tracer dyes.

7.2.1.4 Costs and benefits

The fresh water that is currently used for toilet flushing represents 24% of the daily water use at the
orphanage. This is 3.17 ™ out of the 13.24 m that is the orphanage daily uses. Therefore the use of treated
wastewater for toilet flushing implies a significant decrease in the depletion of the drinking water storage,
especially during the dry period. Depending on the economic scenario this reuse can monthly save the

orphanage between 39 and 78 Euro (table 16).

Water supply costs and saved costs by reuse for toilet flushing

Reuse for toilet flushing
Monthly Monthly

required Monthly costs saved | Yearly costs

supplied water Yearly water | by reuse saved by

water, supply supply costs, | for toilet, reuse for

m3 costs, SRD SRD SRD toilet, SRD

scenario 1 232 638 7657 154 1851

scenario2 | 232-396 | 638-1287 | 7657 -15449 154 - 311 1851-3734
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scenario 3 396 1287 15449 311 3734
Table 16. Water supply costs and saved costs by reuse for toilet flushing. 1 SRD=0.25 EURO.

The costs for this system are around 65000 SRD, exclusive operation and maintenance (paragraph 6.5.2). The
period in which the initial investment for this system can be earned back is between 17 and 35 years. However
the value of the remaining part of the treated wastewater is not yet exploited. The growth of biomass on the
HFCW (paragraph 7.2.2), the use in agriculture or aquaculture (Paragraph 7.2.3), but also the recharge of
ground water and the replenishment of natural water all has its value. Unfortunately the latter often is not
regarded as so.

‘ 7.2.1.5 Human and environment

When after monitoring of the treatment plant the quality for which the plant is designed is proved to be
reached the wastewater is sufficiently treated for reuse purposes as irrigation, toilet flushing, fertilization,
aquaculture, surface water replenishment and groundwater recharge. The risk for public health and the
environment will then decrease significantly.
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I 7.2.2 Flower production

The nutrient rich water that flows through the HFCW gives the opportunity to produce biomass. This biomass
can be utilized to generate income as some wetland plants are used as animal fodder (elephant grass) and
some as ornamental flowers, e.g. Canna and Heliconia species (Figure 19) (WSP-LAC, 2008; Paulo et al., 2009).
The warmer climate and the richness of biodiversity in Suriname allow the use of non-conventional species,
such as commercial-valuable ornamental plants, as emergent plants in HFCW (Zurita et al., 2009). Personal
communication with multiple people in Suriname made clear that the aesthetic value in all probability will play
a determining role in the acceptance process of the people at the orphanage Leliendaal (Joyette-Jubitana,
2010). The Javanese staff-couple Mr. and Mrs. Diran value a clean and decent environment which preferably
has a nice appearance (Diran, 2009-2010). Flowers are perceived as healthy, beautiful, sunny and clean and
therefore can be a trigger for the (public) acceptance of HFCW systems in Suriname. The orphanage and the
NVB can combine the production of flowers to capacity building activities for women by giving workshop on
florist and women entrepreneurship. This section will shortly describe the possibility of flower production in
the HFCW at the orphanage Leliendaal.

Figure 19. Heliconia specie.

Wetland plants or also called aquatic plants can be used to function and enhance the treatment processes
occurring in constructed wetlands. The selection of plants for the HFCW needs to consider certain plants
characteristics: the temperature range for seed germination, the maximum salinity tolerance, the optimum pH,
the growth rate, the growth spacing, the typical root penetration (in coarse gravel), the annual yield, and the
habitat value. These selection criteria will influence the desired functions of the wetland plants, namely to
stabilize the structure of the wetland system, to provide surface for microbial activity, and to stimulate
filtration (WSP-LAC, 2008; UN-HABITAT, 2008). A wide range of wetland plants are claimed to have the ability
to treat wastewaters. Cooper et al. describes the application of Phragmites australis (the Common Reed),
Schoenoplectus lacustris (the true Bulrush) and many more wetland plants in Europe (Cooper et al., 1996).
However it is more preferable to select plants that are adapted to local conditions and therefore have a higher
chance of performing well and being accepted. Konnerup et al., Zurita et al., and Paulo et al. describe the
selection of ornamental plants in respectively Thailand, Mexico and Brazil, because these plants are well
adapted to local circumstances and because of their aesthetic value (Konnerup et al., 2009; Paulo et al., 2009;
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Zurita et al., 2009). Konnerup et al. compared the species Canna and Helicona, which both are well represented
in Surinamese natural wetlands. Canna as well as Helicona grew well in gravel-based HFCW and prove to have
efficient removals of COD and TSS, but have limited use if nutrient removal is required. Judged from a
treatment performance perspective the Canna is preferable, because it grows faster and removes more
nutrients than Heliconia (Konnerup et al., 2009). However since Heliconia is commercial-valuable as cut-flower
this specie may be preferred in Suriname. The different Canna and Heliconia species are multiple and for that
reason further studies are needed to assess the differences in favor of selecting the suitable specie at the
location of the orphanage Leliendaal.

The application of a HFCW for flower production, besides wastewater treatment and income generation, can
have an important function in the diffusion of the HFCW in Suriname. As a practical example of the application
of the Waterharmonica concept a pilot at Leliendaal can contribute to the development of wastewater
management in comparable cases in Suriname.
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I 7.2.3 Agriculture and/or aquaculture

Agricultural and aquacultural reuse of treated wastewater are two options to utilize the productive potential
offered by treated fresh wastewater (Martijn & Huibers, 2001; Metcalf & Eddy, 2004; Huibers & Van Lier,
2005). Together with the production of flowers in the HFCW, agricultural and aquacultural production can form
beneficial elements in the nutrient cycle at the orphanage Leliendaal. In paragraph 7.2.1 the use of reclaimed
wastewater for toilet flushing was discussed and also it was shown that by that means 3.2 m?out of the 13.2
m?® treated wastewater can be given an important purpose. Approximately 10 m?® remains and this water is well
suitable for other reuse purposes, like small scale agriculture and aquaculture in favor of obtaining self-
sufficiency at the orphanage Leliendaal. The period in which the financial investment in the designed
wastewater treatment plant can be earned would decrease by this beneficial use of the treated wastewater.
The table given below presents the water quality standards for wastewater use in agriculture and aquaculture
as they are developed by the WHO. Before utilizing the reclaimed wastewater the water should be tested to
the parameters provided in this table.

Activity/Exposure Parameter
Aericulture E. coli per 100 Helmint_h eggs
= ml per litre
Unrestricted irmigation
Root crops =10 =1
Leaf crops =10
Drip imigation. high growing crops =10
Restricted irrigation
i}f_abnur—intensive_ high contact =10 =1
Highly mechanized =10
Septic tank = 10
E. coliper 100  Visible nematode
Aguaculture .
ml eggs per litre
Produce consumers
Pond =10 0
Wastewater =10 0
Excreta =10 0
Workers, local communities
Pond =10 0
Wastewater =10 0
Excreta =10 0

Table 17. Agriculture and aquaculture standards for wastewater reuse (WHO, 2006a; WHO, 2006b).

To introduce the possibilities of reclaimed wastewater use in aquaculture in Suriname, Kampf presented the
case of the Borstal Institute in Kenya (Paragraph 4.2.1) during the workshop on wastewater management
(Kampf, 2009b; PART II, 2009). When the treated wastewater from the HFCW is diverted to fish ponds, fish as
well as algae, can be grown and excess water can be used for irrigation (Kampf, 2009b). The uncle of farmer
Koenraadt is Van Alen, a cattle and fish farmer settled in Commewijne. It is advised to consult him for the
establishment of fishponds and the selection of species at the orphanage Leliendaal. With respect to
agricultural reuse the approximately 10 m?® can for example be utilized to irrigate a surface area of 1000 m’
with 10 liter irrigation water per m’ (10 mm). The HFCW is designed to reach the required quality of the
irrigation water, but this does not mean that the water cannot be harmful to human healt anymore. Safety
measures with regard to the handling and distribution of the reclaimed wastewater is a necessity. The material
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used for handling and distribution should be color-coded and/or labeled, contact with the water should be
avoided by the use of gloves and boots, the type of irrigation and the crop should be carefully selected with the
eye on minimizing risks. When the decision is made to start agricultural activities, it is an advantage that Mr.
Diran has been involved in agricultural activities previously. But the fact that in Aruba he previously used septic
tank effluent for irrigation (Diran, 2009-2010) requires him to be better informed about the risks involved to
the use of HFCW-treated effluent. Other wise he (and others) might perceive safety measures unnecessary.
After a proper training it is expected that he is capable of good farming, also because the orphanage nowadays
is in excellent condition and he is the one responsible for this. However the utilization of reclaimed wastewater
can only take place when suitable agricultural land is available. A change of the water infrastructure and
management to prevent the brackish water from rising too high in the area of the orphanage is a prerequisite
for agriculture activities. A measure, proposed by farmer Koenraadt and Mr. Diran, that can result in proper
water conditions for agriculture will be described in Paragraph 7.2.4. If water conditions improve in such an
extent that agricultural reuse becomes a viable option, the forest behind the orphanage might be partially
logged to increase the agricultural area (Koenraadt, 2009-2010). It is advised that some of the trees are
maintained to create an agroforestry system (Neus & Crab, 2010) in favor of the buffering capacity and soil
conditions of the land.
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I 7.2.4 Water infrastructure

A change of the water infrastructure and management is necessary to prevent the brackish water from rising
too high in the area of the orphanage and the northern part of Koenraadt’s farmland. From the cooperation
between farmer Koenraadt and Mr. Diran the idea emerged to construct an embankment in combination with
a valve-lock system (Figure 20). In this plan, which was still in its infancy at the time of this research, the North-
Eastern area of the former plantation Leliendaal will be surrounded by an embankment. Central North in this
system a lock system will be placed which consists of in sequence a conventional vertically sliding lock, and a
valve-lock. The valve-lock is a relatively new lock system to Suriname designed and used by Armand van Alen
on his own farmland in Commewijne (Van Alen, 2009-2010). The valve-lock is placed towards the outside of the
embanked area and consists of a valve pieced to a horizontal axis, which enables automatically discharge of
water. This ‘automatic discharge’ depends on the water pressure in- and outside the embanked area. During
rainy seasons (when firstly the conventional lock is opened) the valve-lock has the ability to automatically
discharge excess water to prevent too wet conditions and overflowing, and to wash out the salt in the system.
The actual functioning has to be researched, especially because applications of the valve-lock system at the
farmland of Van Alen are in direct contact with the Commewijne River, while a future system at Leliendaal will
be still dependent on the existing lock.

As a consequence of this measure the expected decrease in (brackish) surface water level could results in
proper water conditions for agriculture, but also will take away the need for elevating the HFCW above ground
level. As the surface water level may decrease so might the required elevation of the HFCW. When the HFCW
can be constructed on ground level the lower surface water level enables gravitational water transport and
prevents backflowing. As a consequence the construction costs for the HFCW will decrease significantly, as the
landfill costs are approximately 4400 SRD, which is 7 to 8% for the HFCW construction.

I Valve-lock
2 ok

Figure 20. The embanked system with a valve-lock at the orphanage Leliendaal and part of Koenraadt’s farmland.

73



8 Discussion, conclusion and recommendations

This report aimed on investigating from a technological, environmental, social and economical perspective if
the Waterharmonica concept can be applied on a community level for domestic wastewater treatment to
reach water security in Commewijne, Suriname. The application of the Waterharmonica concept has been
investigated by looking at the potential of implementing a HFCW for the reclamation of domestic wastewater
at the orphanage Leliendaal. In Suriname this technology is new and can be perceived as innovative. The
conclusion of this report is:

The Waterharmonica concept is appropriately applicable if financial investment is taken care of by external
funders, and if intensive social investment to educate and convince local stakeholders is an effort that the
project members are willing to make.

In the case of the orphanage Leliendaal the potential of the HFCW relies in the first place on the costs related
to implementation and O&M of a HFCW. Even though the costs are compared to conventional systems low, in
absolute figures these are too high to be viable for the orphanage, because the orphanage Leliendaal is not
expected to have financial capital available for the implementation. The applicability of a HFCW at the
orphanage Leliendaal viewed from a cost and benefits perspective therefore is highly depending on the
financial investment to be made by external funders of a future wastewater management project. The sub-
conclusions formulated in the next paragraph are based on the assumption that external financial help will be
provided to the orphanage Leliendaal.

One of the water related problems that is directly experienced by the stakeholders at the orphanage is a water
shortage during the dry seasons. Another problem, that by the local stakeholders is perceived to be less severe,
is the disposal of insufficiently treated wastewater from septic tanks and grey wastewater sources. On the
short term minimization of the water use and expansion of the water storage capacity is proposed as a
effective step towards solving the quantitative problem. The idea that emerged from the staff-couple of the
orphanage Leliendaal was to use reclaimed water for toilet flushing to further decrease the water shortage. To
not only solve the water shortage but to also bridge the quality gap between the effluent from the existing
treatment systems (septic tanks) and the water quality required for toilet flushing (and other purposes) on the
longer term the development of a HFCW for the orphanage Leliendaal is found to be an appropriate solution,
but requiring intensive social investment. The application of the Waterharmonica concept can solve the
guantitative as well as the qualitative problem. Technologically the HFCW in combination with proper
pretreatment and primary treatment can be designed to reach the required water quality that fits the end
purpose. The warm climate and the high biodiversity enhance the physical, chemical and biological treatment
processes and thus the performance of the system (EPA, 1993; Zurita et al., 2009). The performance of the
HFCW can be optimally adapted to the local circumstances by research and monitoring, performed by the
Anton de Kom University of Paramaribo. Environmentally the HFCW has the strength of being a system that
simulates nature and also appears naturally. The purification of the domestic wastewater decreases the
environmental pollution, because insufficiently treated wastewater is not disposed anymore. The disposal of
sufficiently treated wastewater to replenish surface water and recharge groundwater is a valuable purpose, but
further research is needed to address the economical value with the aim to increase the understanding of the
beneficiallity of these reuse purposes. The money saving or income generating reuse purposes, namely toilet
flushing water (as desired by the stakeholders), flower production, agriculture and aquaculture are found to be
most beneficial if they are combined, while then the nutritional and aquatic value of the water is best
exploited. The purposes however require social investment as the local stakeholders at the orphanage
Leliendaal have never been acquainted with the Waterharmonica concept and it’s potential. A new
development, such as the ecological management of wastewater, requires information and education on the
topic of water use, wastewater management and wastewater reuse. This is the first step that needs to be
taken. The content of this report can for that purpose be used to introduce the people at the orphanage, adults
and children, to their own environment, looked at from a ‘Waterharmonica-perspective’. The stakeholder-
perception of the solutions presented in this report and the actual changes that are implicit to the possible
implementation of the solutions will determine the acceptance of the HFCW by the people of the orphanage.
As stated above the HFCW is deemed to be appropriately applicable. The main argument for this is that the
system can be designed to ensure aesthetic value and to function in absence of odor while performing as
desired. The possibility to gain from the domestic wastewater by ornamental plant production by a wastewater
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treatment system that not ‘stinks’ is expected to be a key factor in the technology acceptance process, as these
features of the HFCW are highly valued by the local stakeholders (Diran, 2009-2010). Even though the O&M in
comparison to conventional systems is low the labor investment that is required can be a threshold for the
implementation at the orphanage. The major reason for this is that the orphanage Leliendaal does not want to
loose her ‘good name’ by radically changing their common daily activities. The O&M of a HFCW and the reuse
of the treated wastewater might involve such a radical change by utilizing domestic wastewater for plant
production and letting some elder children participate in the production activities.

However the application of a HFCW with ornamental plants can, besides wastewater treatment and combating
water shortage, have an important function in the spread and implementation of the HFCW in Suriname. As a
practical example of the application of the Waterharmonica concept a HFCW system at Leliendaal with
intensive local involvement can contribute to the development of wastewater management in comparable
cases in Suriname. When the local stakeholders can be made aware of these opportunities the application of
the HFCW has a higher chance of success. Figure present the possible outline of the wastewater process
scheme at the orphanage Leliendaal, in which all beneficial uses presented in this report are shown.

The orphanage Leliendaal: (w
rain water harvesting + storage @

: Toilets
Kitchen i
Kitohen > Torel Bathing

sieve

Septic tanks

Organic wastes Grease trap

HFCW cultivation

¢
)

Fish
ponds | ™.

Figure :schematic outline of the designed (waste)water management process-scheme at the orphanage
Leliendaal. Based on Kampf 2009b.

However the conclusion of this report states that the Waterharmonica concept is applicable at the orphanage
Leliendaal, this does not necessarily mean that the first HFCW of a future wastewater management project in
Suriname should be implemented at the orphanage Leliendaal. For the project developers it is advised to
consider the implementation of a pilot plant in a controlled and research-oriented area, because of the
innovative character of the new HFCW technology for Suriname. Monitoring and research are required to
optimally understand the systems functioning in the Surinamese climate and to adapt the system to this
climate. As the ADEK University of Paramaribo has skilled people with knowledge of wastewater management,
this University should consider to primary install one or more HFCW at its campus. With the eye on a well
controlled spread and implementation of the HFCW, initiated, continued and supported by Surinamese people,
the training of Surinamese students (and others) can then take place at the ADEK University. A base for this
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development should be laid by the Surinamese government. Currently the Surinamese government has no
guidelines or national standards for the use and/or disposal of treated wastewater (Stuart, 2010). The chance
of a new development being accepted can be enhanced by involvement and support of the government. The
potential users, as well as the government play a significant role in the development and diffusion of a new
technology (Davison, 2006). An example is given by the diffusion of composting toilet systems in Australia.

‘An important factor in gaining regulatory acceptance for these toilets was a study on the effect of
seven composting toilets (six of them custom-built) on helminth survival during passage through the
composting chamber. The study concluded that: “the systems are in fact working with respect to the
destruction of parasites and commensals” and that the humus/end product was also most likely free of
bacterial and protozoan pathogens. Partly as a result of this study, the NSW Health Department
(1997) issued guidelines for the approval of composting toilets (including custombuilt units) in the
state. These guidelines formed the basis for the current national standard AS/NZS, 1546.2:2001.
(Davison, 2006)

When the innovators and early adopters amongst the potential users, or in other words the Surinamese
people, take the risk to accept and use a new technology, and subsequently the institutes or governmental
parties chose to monitor and evaluate the performance of the ecological technology, this can lead to
guidelines, governmental approval and national standards that enhance the success of new technologies. A
guideline for the use of wastewater for the purposes described in this report would be a step towards reaching
the MDG as this would set standards for development and monitoring.
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Annexes

Annex1: Adjustable outlet structures by Cooper et al. (Cooper, 1996).
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Annex 2: Cistern-flush toilet (UNEP, 2004)

Collection and Transfer Systems:
Cistern-Flush Toilet

Siphom -'-_-r ..

BTSN

Source: T Lostscher (1 998)

Technology Description:

The toilet bowd consists of a siphon, which provides
a water seal against bad odours from the effluent
pipe. Excreta are flushed away with water stored in
the cistern {depending on the type betweaen five wo
rwenty litres per flush).

Cistern-flush toilets provide the highest level of
convenience and have a very clean and hygienic
appearance. The cistern-flush woilet itself has no
treatment effects.

Cistern-flush toilets use large amounts of water. Installing them results in a warer use of around 15 litres
per flush. Dual flush toilets are available to reduce water used to flush urine. Increasingly, low flush toilets
are being used with reduced water consumption to approee. [Q litres per flush. Cistern-flush toilets are
more prene to mafunctioning and leakage than pourflush toilets.

Extent of Use:
Exrensively throughout the Caribbean

Operation and Maintenance:
+  Subject to malfunction of flushing system.

Advantages: Disadvantages /constraints:
+ Easy to use and clean +  High water use
+  Hygienic

Relative Cost:
+ Higher than pit latrines and pour flush

Cultural Acceptability:
+ Mo culwral problems

Energy use:
+ MA

Pollution reduction:
« MA

Suitability:

*  Very suitable if reliable warer supply exists and if the user can afford it
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Annex 3: dual distribution system (UNEP, 2004)

Collection and Transfer Systems:

Dual Distribution (Reticulation) Systems

Source: Azian Dewalopment Bank

Technology Description:

Dl distribution systems involve the use of water
from two different sources and reticulated in two
separated distribution networks. Potable water iz
distributed in one system for most domestic and
commercial uses while a sacond system reticulates
non-potable water (i.e. salt, brackish, rain water or
treated wastewater) for flushing toilets and other
non-potable uses. Lsing this technology conserves
limited freshwater resources. This type of technology
would generally be used near the coast where
seawater or brackish water is abundant. Saltwater
systems require special consideration for the

selection of materials due to corrosive nature of seawater. Pipes need to be colour-coded or have other
identification to distinguish from potable supply reticulation pipes and to avoid possible cross connections.

Extent of Use:

In the Caribbean, U5 Virgin Islands, Turks and Caicos, Cayman Islands and the Bahamas use these systems.

Operation and Maintenance:
*+ High degree of operation and maintenance

+ Potential corrosion problems exdst that may compound maintenance reguirements.

Advantages:

*  Use of lesser quality waters for
non-potable purposes reduces the use of
limited freshwater resources.

Disadvantages /constraints:

+  High capital costs

+  Technology requiring skilled expertise
such as engineers, technicians, contractors
and operators.

+  Risk of polluting groundwater
through leaks

+  Risk of cross connections

Relative Cost:

+ High due to the duplication of distributions
networks and the need to use corrosion
resistant materials if seawater is used.

Cultural Acceptability:

- Growing acceptance in water-scarce

Energy use:
+  Moderate to high

Pollution reduction:
+  Water conservation will result in pollution
reduction over the life-cycle of the system

Suitability:

*  In water-stressed areas
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