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1. Introduction
1.1.

Background and problem outline

Following its establishment in 2012, Za’atari Camp in Jordan has evolved from a small collection of
tents into an urban settlement of some 80,000 persons. Considerable progress has been made in the
refugee coordination structure, the development of infrastructure to support service provision in the
areas of shelter, electricity and water and sanitation, with a transition to prefabricated housing, the
construction of a wastewater treatment plant and the establishment of the largest household
electricity network supporting refugees, and the rollout of solar energy, waste recycling programmes,
with a transition to wider water and sewage systems currently underway.
To ensure that the development of camp’s infrastructure is in line with refugee needs, site planning
and demographic changes, Za’atari’s Master Plan supports land and utility management across the
Camp’s 12 districts and facilitates decision making on the development of infrastructure over the
next three years under a UNHCR three-year Strategic Plan. Further investments will include shelter
assessment, improving storm water Management, developing a paved road inner camp network, a
potential transition strategy for waste management, and observations of potential needs, gaps,
inequitable distribution/access for urban development.
Since 2014, VNG International and The City of Amsterdam have been collaborating with UNHCR and
UNICEF on several issues regarding municipal services, infrastructure and Urban Development. At
the request of UNHCR a Front Officer from the City of Amsterdam was, during the first half of 2017,
assigned in Za’atari camp to coordinate the Amsterdam expertise and technical assistance. One of
the tasks discussed with UNHCR was to provide an analysis of current surface drainage conditions
within the ring road and the design of potential surface water management solutions.
Wareco was called in by the City of Amsterdam and VNG International to draw up a framework for
rainwater drainage in the camp during storm events. The aim of this framework is to improve
rainwater drainage in the camp and as far as possible to alleviate any nuisance as a result. This
technical advice will be submitted to UNHCR, UNICEF, Acted and Oxfam.

Figure 1: Overview of study location (source: Google Maps 2017)
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1.1.1 Backgrounds
The Za’atari refugee camp was established out of necessity and was set up in a very short period of
time. As a result, in the camp layout, no account was taken of existing landscape and topographical
features, and the natural routes followed by water draining from the surface. As a result, various
facilities were established in areas where water naturally accumulates or remains standing after
storm events. In addition the camp’s infrastructure was built at a raised level, often perpendicular
to the water flow direction, whereby little account was taken of draining facilities (such as culverts).
Such culverts were in many cases installed at a later stage at locations where standing water was
observed or caused problems
During storm events (heavy rainfall events during the rainy period), water nuisance occurred at many
locations in the camp. During these storm events, large volumes of water flowed through the camp
and water remained standing in lower lying areas or behind roads. Nuisance generally takes the form
of unpassable roads, flooded cabins/public facilities and very swampy conditions. In these terms,
flooding represents both safety and health risks.
UNHCR has taken several measures to drain the area during storm events. These measures consist
mainly of the installation of culverts and the digging of drainage ditches and channels for local water
drainage during actual floods. In addition, at the location of the hospital and school, a number of
underground storage facilities (8 m3 tanks) were constructed for of temporary storage during storm
events. These tanks are continuously pumped empty during a storm event. This may represent a
constraint in the future, since the trucks used for this purpose may no longer be available in the
camp in the future, after sewage and water networks are completed.
Storm events
Storm events occur mainly in the winter period, as represented in the rainfall distribution from the
nearby weather station at Umm el-Jimal in Figure 2. The rainfall volumes shown are per day. Average
annual rainfall is approximately 150 mm.

Figure 2: Distribution of daily rainfall Umm el-Jimal

The intensity of rainfall determines the extent to which actual nuisance is caused in the camp. On
the basis of rainfall data since 2009, maximum intensity is less than 35 mm per day. Peaks have
occurred in the winters of 2014 and 2015, and it was at these times that flooding caused the greatest
nuisance.
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Constraints
The bottlenecks within the storm water system at the refugee camp are mainly:



The roads are designed on a raised level, thereby preventing sufficient drainage of rainwater out
of the camp (water accumulates on undesirable locations);



The already constructed measures for regulating rainwater drainage such as culverts and
drainage ditches are sometimes partially blocked by dirt and waste;
The urban layout of the camp (infrastructure, locations of cabins, etc.) does not take account
of the natural relief of the area. The surface water runoff that occurs after rainfall events
flows partly towards social facilities and living units;
In large areas of the camp there is little natural relief. As a result, water does not naturally
flow out of the area. Rainwater falling in these areas does not drain away, leaving puddles;
The soil is highly saline and partially raised with limestone-bearing material (base course),
so water is barely able to infiltrate. As a result, the water is either discharged almost
immediately or stagnates in local low-lying areas [8];
The saline soil becomes muddy and barely passable as a result of its poor water permeability.








A number of these bottlenecks relate closely to the ‘urban layout’ of the camp that was established
at the point in time when the necessity for refugee accommodation was at its greatest. This layout
does not tie in with the natural drainage pattern of the area in which the camp has been established.
In designing new, sustainable measures, as far as possible account has been taken of the existing
layout of the camp. This means that part of the nuisance cannot be solved due to the lack of space
for the creation of water drainage facilities.

1.1.2 Aim and result of the framework
Several plans, some comprehensive, have been made in the past and a detailed storm water plan
was designed by Mostaqball as an assignment of World Vision. Proposed solutions turned out to be
too expensive and sophisticated, and the plans are not executed due to a lack of funds. A less
expensive, more practical and surface-based drainage system was therefore needed. UNHCR asked
the LOGOReP programme and the City of Amsterdam to contribute. The aim of Amsterdam was to
design solutions to diminish flooding inside the camp based on a thorough terrain analysis and find
and propose simple solutions.
The further aim was to analyse the geography of the camp, analyse rainfall models, update
documentation and design solutions. The result is a storm water runoff and drainage plan (design)
accompanied by proposals presented in this booklet. We propose two kinds of solutions, a
combination of both traditional and innovative drainage solutions.
Traditional solutions
The proposed framework consists partly of more traditional drainage solutions like the construction
of culverts, gutters, gullies and ditches on strategically chosen locations all over camp. These
traditional solutions are simple, cheap and relatively easy to construct and to maintain. The main
goal for these traditional solutions is to create a fast exit for the surplus storm water to outside the
ring road and the camp area.
Innovative solutions
The City of Amsterdam also introduced innovative, non-traditional solutions that contribute to a
healthier water drainage system for the camp. These innovative solutions consider slowing down
water runoff on hilly parts of the camp, water harvesting and soil improvement to collect and store
water. Combining the water constraints through greening the camp is the approach proposed in
earlier presented development frameworks of a park, allotments and the health loop through the
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camp. These plans are an important part of this storm water drainage framework. More information
on the development framework can be found in [9].
Innovative solutions can also be found in the participation of inhabitants to a better water regulation
in the camp. Facilitating inhabitants in possibilities to manage local (on household scale) storm water
problems (and store water for use in dry periods) will have a large impact on the total storm-water
regulation in the camp.

1.1.3 Information used
We received valuable information from various parties active within the camp, which information was
used for the layout of the drainage framework. Below is an overview of the information and
individuals who provided key contributions:
Our special thanks go to:






Phoebe Goodwin (UNHCR) for supplying important information about the camp and the water
nuisance problems
Moawiya Shakbouh and Yousif Aqeel (JEN) for detailed and extensive inventory of existing
drainage facilities in the camp
Ahmad Kharabsheh (JEN) for supplying rainwater information from local meteorological
stations
Osama Elasmer (RJGC) for supplying and providing detailed information about the contours
of the camp and the surrounding area
Ronald van Warmerdam, Henk van Veldhuizen and Iris van der Horst of the City of
Amsterdam for supervision and their efforts in collecting information and harmonisation
within and outside the camp

Reports and data used for the study:
1. Flood maps 2015 through to 2017 (JEN, ACTED and OXFAM)
2. Topographical maps and camp layout details 2017, sources: Royal Jordanian Geographical
Society, JEN, UNHCR
3. Measurement of culverts and existing measures for water discharge by JEN (September
2017).
4. Daily rainfall details Um el-Jimal 2009 through to 2016
5. Covering contour map of the camp and immediate surrounding area 2016 (resolution 25*25
cm), source: Royal Jordanian Geographical Society
6. Za’atari Refugee Camp – Consultancy Services for the improvement of Storm water Drainage
System, feasibility study, World Vision, final version, March 3th 2016.
7. Za’atari Refugee Camp – Consultancy Services for the improvement of Storm water Drainage
System, detailed design report, World Vision, final version, June 2016.
8. Water management and irrigation near Za’atari Refugee Camp, Jordan, SamSamWater,
reference 7602, May 2017
9. Development Framework Al Za’atari Camp Jordan, July 15th 2017
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1.1.4 Drainage model
A drainage model has been drawn up in HEC-RAS, considering the entire area of the refugee camp
within the ring road. HEC-RAS is a software package that makes it possible to accurately determine
how water flows from ground level during a storm event and where water accumulates. This makes
it possible to calculate where draining water can cause nuisance, taking account of the actual levels
of precipitation occurring. The model then makes it possible to introduce measures to predict whether
and the extent to which the measure contributes to good water discharge.
The drainage model is time dependent, making it possible to understand the effects of individual
storm events at ground level. One example appears in Figure 3. The accuracy of the model (where
does the water flow to and how much water remains stagnating at ground levels) depends heavily
on the level of detail of the underlying contour map. This drainage model is based on the contour
map from 2016 (resolution 25x25 cm) and an inventory of existing measures (such as culverts and
large drainage ditches) [3]. The results of this inventory were integrated in the contour map, to
create an up-to-date map for the situation in 2017. This map is used as the basis for the drainage
model.
We used this model in the process, to come to an initial drainage plan. The following steps were
considered (in chronological order):
1. During and after intense rainfall events: how does the water flow in the current situation?
Where does water accumulate at surface level?
2. Identifying bottlenecks based on model results compared to actual occurrence of water
nuisance
3. Sketch designs of possible measures for bottlenecks
4. Integrate measures in the contour and drainage model and use the model to determine the
effects on camp drainage. Do these measures result in the occurrence of bottlenecks
elsewhere, for example? Are the dimensions of the measures sufficient to improve water
drainage?
5. Reconsider measures and bottlenecks and various scenario calculations to arrive at the
optimum water management within the current structure of the camp.

VNG International
The Hague May 2018

7

Figure 3: Overview of model simulation
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To validate the model, the results of the model calculations were compared with the locations where
nuisance occurred in the past. These areas where water accumulates or to which water flows, broadly
match the described nuisance. In some cases the model fails to explain the nuisance. This mainly
refers to nuisance caused by muddy and poorly accessible areas. These areas remain muddy for long
periods as a result of the surface type (saline and compressed) and the very flat nature of the terrain
(minimum gradient). In practice, this can generally only be tackled by improving the type of surface
(type of surfacing).

1.1.5 Summary of model results
By carrying out the model simulations, a number of bottlenecks at the camp emerged. The following
overview provides a brief summary:






As a result of the topography, draining rainwater builds up in the lower lying (flat) areas.
This causes flooding in these areas.
Water accumulates behind the raised roads in the camp, creating puddles in these areas.
The dimensions of existing culverts installed to improve straight flow are insufficient in a
storm event to sufficiently drain runoff water (see also Figure 4).
Ad hoc measures (such as local drainage ditches) primarily have a local effect and often do
not improve the upstream situation.
At the location of the school and hospital, underground storage tanks have been installed for
interim storage of the water. The capacity of these tanks (in a future situation without
intermediate emptying by tankers) is insufficient for the amounts of water accumulating
during a storm event.

Calculations also reveal that a series of ad hoc measures have been taken that have improved the
situation (see also Figure 4).

Figure 4: Dimensions of culverts (in red) insufficinet for water volume (left) and measures that have massively
improved water discharge from the camp (right)
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2 Drainage framework
We propose a framework as a basis where actuals plans can be based upon. The outcomes of previous
studies, observations in the camp and the initial model simulation have revealed that nuisance occurs
at dozens of locations right across the camp, during and following storm events. Solving these
problems requires tailor-made solutions in many cases. Because this report must be read as an initial
investigation, with possible solutions, we have described the following proposal as a framework. On
the basis of the principles from the framework, solutions can be found to the water problems in the
various districts of the camp, step by step. For each of the selected solutions, detailed engineering
can then be drawn up, and tenders issued for the work.
The numerous scenarios calculated using the model also reveal that it is impossible to come up with
a fully effective solution for preventing flooding, within the existing positioning of cabins, facilities
and infrastructure. It is however entirely possible within the existing infrastructure to mitigate the
level of nuisance and in particular the duration of the nuisance.
The proposed drainage framework consists of four elements to reduce water nuisance:

1. Improve peak discharge: Drain peak water flow from the camp at an accelerated rate
2. Improve drainage: Reduce the duration of the nuisance
3. Retention and use: Relieve the stress on the drainage system by retaining water in the camp.
Use the stored water in the dry period
4. Facilitate: Offer residents an opportunity to tackle nuisance on their own land, and guide
water from the plots into “public” drainage facilities
The entire plan is enclosed in the form of a drawing, in Annex 1.

2.1

Improve peak discharge

The rainwater drainage system for the camp is currently only able to process a limited volume of
water before flooding occurs. A proportion of that flooding can be prevented if the capacity of the
system is increased. The initial step would be to increase peak discharge in the drainage structures.
The vast majority of draining rainwater can be drained from the camp at a faster rate by installing a
system of drainage ditches. As far as possible, this will prevent rainwater accumulating at the location
of important facilities in the camp, therefore causing flooding and nuisance. In increasing peak
discharge, we distinguish between:



Main drainage routes: these are the locations where the majority of the draining rainwater
accumulates therefore requiring large discharge capacity.
Smaller drainage structures: these are smaller structures (like ditches or gullies) installed
to facilitate overall drainage of larger subareas and for additional water storage. These
structures tie in with the main discharge route (see also Figure 4).

2.1.1 Main drainage route (primary structure)
For the location of this main drainage route, as far as possible, a match should be sought with the
existing road structure and the naturally occurring flow patterns based on the landscape. For these
main discharge routes, drainage structures at least 3 metres wide and 0.5 metres deep are
recommended. We have opted for minimum ditch depth as compared to width, to limit safety risks .
Though during peak flow situations residents should be aware of large amounts of water flowing
through these structures.

VNG International
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Figure 5: Overview of main structure for increasing peak discharge

Ideally, the drainage gullies will be dug alongside the existing infrastructure in the plan area, so that
the drainage of rainwater can be optimised within the existing urban layout. In laying out the main
drainage structure, therefore, we have opted for the maximum achievable situation alongside the
existing road structure and possible intervening areas. Where possible, given the layout of the camp,
we recommend larger structures, to further increase the drainage and storage capacity of the system.
Local conditions ask for a customized approach of the drainage system.

2.1.2 Structure of drainage gullies
In areas where there is less space available, we propose an extensive network of smaller gullies. We
recommend these gullies to be at least 1 metre wide and at least 0.30 metre deep. These smaller
drainage structures are used for guiding rainwater into the main drainage route, to accelerate and
improve the capacity of the water system. In particular in the oldest part of the camp, population
density is very high, leaving little or no space for drainage structures between cabins and other
facilities. This also applies to the souk area.

VNG International
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Figure 6: System of drainage ditches

2.1.3 Guaranteeing flow through (secondary structure)
To facilitate drainage along the raised road structure (additional) culverts will be needed. For smaller
gullies in the plan (at road junctions), a culvert with an (internal) diameter of minimal ø500 mm is
recommended.
At the main drainage routes, larger culverts will be needed, to prevent water accumulation behind
the culverts (locations for larger culverts appear in Figure 6). Larger culverts also reduce the risk of
clogging by waste. The model simulations reveal that in many cases, existing culverts are too small
to efficiently tackle the large volumes of water during storm events. As a result, water often remains
behind in the culverts, or floods the road.
To avoid the need for deep excavation, we recommend the use of rectangular culverts. We
recommend minimum (internal) dimensions of 1200x600mm. At bottlenecks (or outflows near the
ring road), we recommend installing multiple culverts next to one another, because of the large
discharge capacity required.
The discharge of water from the exit of the culverts will be high. This means that there is a high risk
of soil material washing away at the exit of the culvert. To prevent this, we recommend installing a
stilling pool at the end of the rectangular culvert, at least twice as wide as the diameter of the culvert.
Locations of the culverts appear in the following figure.
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Figure 7: Locations of culverts for improving drainage

2.2.

Rainwater harvesting: retaining and using water

The drainage system described in the previous paragraphs is aimed at collecting water from the
camp and guiding it to a location where it causes no nuisance. Given the existing layout of the camp
this is only possible to a limited extent. The main drainage route has been designed to maximize
drainage possibilities within the available ‘public space’. A well-functioning drainage system is only
possible if also as much water as possible is retained within the camp, at locations where this water
currently causes no nuisance. In this way, the drainage system will be relieved (with less water
flowing to the drainage ditch structures). For this task, in addition to responsibilities from UNHCR
for the layout and safety of the camp, the camp residents themselves can make an important
contribution. The possibilities to store rainwater (Rain Water Harvesting RWH) can therefore be
divided into two groups with separated responsibilities:



Residents: RWH at plot level
UNHCR: RWH in public space

These are described in more detail below.
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2.2.1 Rainwater harvesting at plot level
Rainwater harvesting offers the possibility of using stored water during the dry period. By retaining
as much of the rainwater as possible at locations where it causes no nuisance, the amount of
rainwater flowing towards flood areas is restricted, thereby reducing nuisance levels. A number of
examples of techniques that can be used for retaining rainwater at plot level appear in the figure
below. Because these techniques can be implemented on a small scale, they are suitable for
implementation by the residents themselves.

EXAMPLE CALCULATION

Collection and storage of 1.5 m3 of
rainwater at each cabin, can lead to a
reduction up to 30%

of rainwater that contributes to surface
run-off and potential flood risk

Figure 8: Examples of rainwater harvesting by residents at plot level

2.2.2 Rainwater harvesting in public areas
In public areas of the camp it is possible to carry out more large-scale interventions. In 2017, a
framework was drawn up for improving water management and quality of life in the camp [9]. Based
on this framework, a combination has been produced for developing/laying out an attractive public
area and retaining water by means of rainwater harvesting. The examples from this framework tie
in directly with the main discharge routes from the drainage plan.
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Figure 9: Examples of rainwater harvesting in public areas (health walk and park)

The storage possibilities offered by the various RWH techniques can be increased by improving the
soil conditions. This means opening up the soil at facility sites and replacing it more with more porous
material (sand) supplemented with compost. This enables rainwater to infiltrate and be stored
underground. We recommend using the rainwater harvesting structures in the camp for the planting
of vegetation. Vegetation works as an additional means of slowing down rainwater discharge during
storm events. In other words, it contributes to preventing nuisance. Vegetation also helps prevent
erosion and helps reduce muddy and swampy areas.
The figure below shows favourable locations for rainwater harvesting structures (in yellow).
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Figure 10: Drainage framework with rainwater harvesting structures (in yellow)

In this study, this means approximately 10,000 m3 of storage are included in the RWH structures in
the public areas. The storage volume equates to 2 mm of rainwater over the entire area of camp,
captured by rainwater harvesting. That represents approximately 10% of the total volume of
rainwater falling during a storm event.

2.3

Facilitating residents

Within the existing layout of the camp, it is not possible to identify a suitable solution for water
nuisance for every individual resident. In many cases, solutions will be tailored to meet individual
needs. It is also not possible for the UNHCR to tackle all individual problems of all residents, and
offer a suitable solution. Within the proposed drainage framework, we therefore recommend actively
involving the camp residents in the draining or retention of water, on their own plots. Residents will
then become responsible for water management on their own land, requiring the UNHCR to merely
facilitate, by offering rainwater drainage capacity. This can be achieved by opening up the drainage
structures for main discharge and drainage gullies to the local residents, so they can connect for
draining their own land, whenever necessary. Connections to the drainage system can be easily
produced by the residents, for example by digging a gulley or ditch to the nearest drainage ditch or
rainwater harvesting structure. In addition to contributing to reducing water nuisance at plot level,
this will increase the involvement of the residents in good water management in the camp.
This innovative approach will call for a change to the way in which the UNHCR approaches the
residents within the camp. In this case, the UNHCR will have to act more like a municipal authority,
that creates the basic facilities for water drainage, so that individual people become more selfsufficient in tackling the problems on their own plot.
VNG International
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3 Effects of improvements to the drainage system
The effects of the drainage plan as outlined in Figure 10 were input and calculated using the drainage
model (HEC-RAS). The figure below shows the differences between the existing situation and the
optimised discharge and storage system. The areas in which nuisance during a storm event is
prevented by the installation of the improved drainage system appear in red.

Figure 11: Contour showing maximum water depth of more than 5 cm for the plan situation (green) and
current situation (red)

In total, areas suffering water nuisance are reduced by 25% thanks to the installation of the drainage
system in combination with the retention of water in higher lying areas.
The greatest improvement can be achieved in terms of the volume of accumulating water and the
period of time that the water remains standing at surface level. The graphs below show the water
depth over time for the current situation and the plan situation.
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1
UPSTREAM

2

3

DOWNSTREAM

Figure 12: Simulated water levels in the current (light blue) and planned (dark blue) situation with 20 mm
precipitation at locations 1, 2 and 3 from Figure 9.

The model simulations show that the water depth in upstream risk areas are reduced by 50%. Rapid
discharge to lower lying areas means that the fall in water depth at downstream ground level is less
significant, or can locally even result in an increase in the volume of draining water (graph 3 in Figure
12). Table 1 and 2 shows the water balance after 1 hour for upstream areas in points 1 and 3.
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Table 1: Water balance after 1 hour for the upstream area in point 1 from Figure 11
Current Plan situation
Reduction
(m3)
(m3)
(%)
Contributing surface area

ha

48

48

Volume of stormwater

m3

11562

11562

Volume stored in drainage ditches

m3

0

4123

Volume contributing to nuisance

m3

4866

2865

Volume discharged to external area

m3

6696

4574

-41%

Table 2: Water balance after 1 hour for the upstream area in point 3 from figure 11
Current Plan situation
Reduction
(m3)
(m3)
(%)
Contributing surface area

ha

112.4

112.4

Volume of stormwater

m3

26979

26979

Volume stored in drainage ditches

m3

0

10613

Volume contributing to nuisance

m3

18565

10469

Volume discharged to external area

m3

8414

5897

-44%

As a result of the proposed measures, the volume of water left behind in the area (and possibly
leading to nuisance) is reduced, often by more than 40%. Discharge can be further improved by
increasing the capacity of the main drainage routes and culverts.
The figures below show in 3D how rainwater harvesting and the drainage structures together limit
water accumulation and nuisance. In the model simulations, measures have only been taken in the
public areas (drainage ditches and RWH structures). If residents also retain water on a smaller scale
for reuse and greening, water nuisance will be reduced even further.

VNG International
The Hague May 2018

19

Figure 13: 3D impression with accentuated contour profile for discharge. The area from which water flows to
point 1 is marked with a dotted line

Figure 14: 3D impression with accentuated contour profile of discharge. The area to which water flows to point
3 is marked with a dotted line.
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4 Conclusions and recommendations
A drainage framework has been designed for the Za’atari refugee camp. This framework can serve
as a basis for further planning to reduce the risk of flooding as a result of heavy rainfall. In laying
out the drainage design, the operating principle was that the existing layout of the camp cannot be
heavily influenced (if at all).
Within the existing layout of the camp, and the budget available, it is impossible to fully eradicate
water nuisance following a storm event. However, an important contribution can be made to water
security, by restricting the level of nuisance and in particular the duration of nuisance. The
framework we have presented is therefore aimed at first restricting the greatest levels of nuisance
as far as possible, and subsequently expanding the system as far as possible to create a selfmaintaining system. Retaining rainwater within the camp (rainwater harvesting) is a crucial element.
We therefore recommend prioritising the work on stormwater protection in 3 steps, as given in the
figure below.
We recommend in the first step to focus on locations with the highest priority. This means that for
construction of the main drainage structure it is recommended to start with problem areas and
expand the structure from there.

MAIN DRAINAGE STRUCTURE
Increase capacity peak flow
Guide first flush out of the camp
Increase capacity culverts downstream
Priority for high risk locations

1

2

SECONDARY DRAINAGE STRUCTURES

RAINWATER HARVESTING (RWH)

Storage and guiding to main structure
Improve total drainage capacity
Stimulate and facilitate water ownership on plots

Storage and guiding to main structure
Stored water for vegetation and runoff control
Stimulate RWH on plots

EXPAND OPPORTUNITIES RWH

3
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Increase storage capacity in drainage structures
Create awareness for necessity green space
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