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1 INTRODUCTION

The USAID Water Reuse and Environmental Conservation Project (WRECP) works throughout Jordan
in institutional capacity building, pollution prevention for industries, solid waste and wastewater
management, and water reuse. The project is implemented by AECOM and a team of international
and Jordanian partner firms. This project has four primary tasks:

Institutional and Regulatory Strengthening

Pollution Prevention and Industrial Water Management

Disposal Sites Rehabilitation and Feasibility Studies

Water Reuse for Community Livelihood Enhancement, including a Biosolids Management
Initiative

pon=

The task “Water Reuse for Community Livelihood Enhancement” focuses on promoting the beneficial
reuse of treated wastewater around USAID-funded wastewater treatment plants, to enhance
community livelihood. The project is currently working in Wadi Mousa and Al-Lajjoun and has been
asked to prepare a reuse plan for the Al-Za’atari refugee camp. That plan is the subject of this report.

Background. Jordan is challenged by the hosting of Syrian refugees, which adds more pressure on
the environment, including the Kingdom’s water sources and wastewater services. Moreover, the
construction of the Al-Za’atari refugee camp in Mafraq Governorate, northern Jordan, poses a
pollution risk for underlying groundwater resources. The Amman-Zarqa basin over which the camp is
situated is already threatened by overexploitation and pollution.

To mitigate the pollution risks, the Ministry of Water and Irrigation (MW]1) is currently installing two
compact containerized wastewater treatment units at the Al-Za’atari refugee camp, which will treat
3,500 cubic meters of wastewater per day. On March 18, 2014, MWI requested USAID support,
through the WRECP, in designing the reuse plan for these wastewater treatment units. Subsequently,
the WRECP team met with MWI and other involved stakeholders, including the Ministry of
Environment, UNICEF, and FAO.

Reuse Plan. Based on the outcomes of the meetings, and drawing on USAID/WRECP experience in
designing and implementing such water reuse projects, the project team suggested the following
sequence of activities. These activities are intended to minimize potential overlap of effort with other
entities and to maximize the effective use of resources in developing a water reuse plan for the Al-
Za’'atari camp:

e Prepare this Draft Water Reuse Plan Report for the Al-Za’atari Camp.

e Circulate this report to relevant stakeholders for their feedback, including MWI, MoEnv,
camp management, donor agencies, implementing organizations, and local communities.

e Conduct a participatory workshop to discuss the plan and the feedback from stakeholders.

e Complete the report and submit to MWI and USAID.

This report analyzes and identifies options for water reuse and disposal for the Al-Za’atari Refugees
Camp in ways that meet government requirements, comply with applicable laws in Jordan, and
conform to international best practices. The options in this report complement and support Jordan’s
broad, Kingdom-wide strategy to encourage beneficial reuse of wastewater, with the ultimate goal of
protecting the environment and conserving fresh water sources.

This Water Reuse Plan for Al-Za’atari Camp Report is organized as follows:

e Section 2 — Overview of Common Water Reuse Applications World-Wide: This section
summarizes the common water reuse applications practiced all around the world. Moreover, it
describes the most import factors that should be taken into consideration when selecting the
reuse application type.
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e Section 3 — Water Reuse in Jordan: This section provides a brief history of water reuse in
Jordan as well as discussing the current water reuse applications commonly practiced. It also
analyzes the legal framework governing water reuse in the Kingdom.

e Section 4 — Baseline Assessment for the Al-Za’atari Refugee Camp: This section
assesses the baseline conditions of the Al-Za’atari camp treatment plant, and the adjacent
lands in which the reuse site is to be located.

o Section 5 — Water Reuse Plan for the Al-Za’atari Refugee Camp: This section describes
the approach used in designing the water reuse plan for the Al-Za’atari camp. It also identifies
and describes the potential water reuse applications suitable for the camp and its surrounding
conditions.

e Section 6 — Reuse Infrastructure Design: This section provides the detailed design
drawings along with the bill of quantities and specifications for the reuse infrastructure
components including the irrigation pond and pumping station.

e Section 7 — Workshop: This section provides a brief summary of the workshop in terms to its
objectives, proposed agenda, and participants.
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2 Overview of Common Water Reuse Applications World-Wide

The principle categories of water reuse applications for reclaimed water originating from treated
municipal wastewater that are used most commonly world-wide are shown in Table 2-1 below, in
descending order of volume of use.

Table 2-1. Principal, World-Wide Water Reuse Application

Category Typical Application
Agricultural Irrigation Crop irrigation
Commercial Nurseries
Landscape Irrigation Parks
Streetscapes

Utilities yards
Golf courses
Industrial Recycling and Reuse Cooling water
Boiler feed
Process water
Heavy construction
Groundwater Recharge Groundwater replenishment
Salt water intrusion control
Subsidence control
Recreational/Environmental uses Lakes and ponds
Marsh enhancements
Stream flow augmentation
Fisheries
Snowmaking
Nonpotable urban Uses Fire protection
Air conditioning
Toilet flushing
Potable Reuse Blending in water supply reservoirs
Blending in groundwater
Direct pipe to pipe water supply

Source: Metcalf and Eddy/AECOM, 2007

Based on the above table, it can be concluded that the majority of water reuse projects are for non-
potable applications such as agriculture and landscape irrigation, industrial and urban uses, and
groundwater recharge. Below is a brief description of each application, drawn from Water Reuse:
Issues, Technologies, and Applications, Metcalf & Eddy/AECOM, 2007:

Agricultural Irrigation

Agricultural irrigation evolved from the early practices of sewage application in farming, when
untreated municipal wastewater was directly applied in farms. In some parts of the world, that practice
is still used, in spite of adverse health and environmental impacts. Agricultural irrigation is the largest
user of reclaimed water in the world. Depending on the use of crops and irrigation systems applied,
the degree of required treatment will vary. For example, in the United States, the use of secondary
effluent in spray irrigation for food crops is not allowed; higher levels of treatment, including
disinfection, are mandatory. Other considerations in agricultural irrigation include soil characteristics,
topography, impact of water quality on crops and soil, and drainage to the underlying groundwater.
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Figure 2-1: Left: Reclaimed water use in agriculture; Right:
Reclaimed water use in landscaping
http://www.dunedingov.com/index.aspx?page=153

Landscape Irrigation

Landscape irrigation is the second largest user of reclaimed water in the world. Reclaimed water and
is used for various locations including golf courses, parks, streetscapes, residential and commercial
areas, and other public green spaces. Because public contact with the applied water is perceived as a
potential health hazard, reclaimed water has to meet a high level of treatment compared to the level
required for agricultural application. Most of the physical and chemical characteristics of the reclaimed
water used in landscape application are similar to those for reclaimed water used for agricultural
irrigation.

Industrial Uses

The main industrial users of reclaimed water are power plants, oil refiners, and manufacturing
facilities, in which water is required principally for cooling purposes. Water quality, especially total
dissolved solids, chlorides, and dissolved oxygen, is of specific concern because of potential scaling
or corrosion in piping systems and heat exchangers. Additional treatment may be necessary at the
point of use, depending on the water quality requirements for the specific industrial process.

Figure 2-2: Left: Reclaimed water use in industry; Right: Reclaimed water use for recreational purposes
https://uconnoep.wordpress.com/category/water http://nas-sites.org/waterreuse/what-is-water- reuse/types-of-
water-reuse/

Environmental and Recreational Uses
Environmental and recreational uses include such applications as wildlife habitat maintenance and
enhancements in wetlands, low-flow augmentation in rivers, and creation of recreational lakes and


http://www.dunedingov.com/index.aspx?page=153
https://uconnoep.wordpress.com/category/water
http://nas-sites.org/waterreuse/what-is-water-reuse/types-of-water-reuse/
http://nas-sites.org/waterreuse/what-is-water-reuse/types-of-water-reuse/
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ponds. The level of treatment of reclaimed water in most cases depends on the type of water body to
which reclaimed water is released, and the degree of public contact or health hazard associated with
its use.

Groundwater Recharge
Ground water recharge has been used to reduce, stop, or even reverse declines of ground water
levels. It is also used to protect underground freshwater in coastal aquifers against saltwater and
brackish water intrusion.

Urban Non-irrigation Uses

Urban non-irrigation uses cover a wide range of applications, including air conditioning, cooling water,
fire protection, toilet flushing, water features, and road infrastructure care and maintenance.
Commercial uses of reclaimed water such as car washing and commercial laundries are practiced
typically in urban areas. Urban use is limited generally to high-density development areas such as
office buildings and big residential towers, where there is economic justification for installing dual-
distribution networks, one system for potable water and one for reclaimed water.

Figure 4-3: Left: Reclaimed water use in groundwater recharge; Right: Reclaimed water use in urban non-irrigation use
(car wash)
http://www.hydroblaster.com/HydrokleenWastewaterFiltration.htm

Potable Reuse

Indirect potable use is a careful and measured process to augment water resources while maintaining
human health and environmental safeguards. Most indirect potable use is linked to ground water
recharge and involves blending the reclaimed water with surface water such as flood waters, rivers,
and lakes.

21 Important Factors in the Selection of Water Reuse Applications

Factors that affect the selection of water reuse application include but are not limited to: (1) water
quality, (2) technical applicability, (3) Water Balance (matching of supply with demand), (4)
infrastructure, (5) economical affordability, (6) social acceptability, (7) environmental conservation.
Taking into consideration all the above factors will help in selecting the most appropriate application
according to the surrounding conditions. Table 2-2 shows the issues and constraints for municipal
wastewater reuse applications.

Table 2-2: Municipal Wastewater Reuse Issues/Constraints

Category Application Issues/Constraints
Agricultural Irrigation Commercial nurseries Buffer zone requirements
Food, fodder, fiber, and seed Marketing of crops
crops Public health concerns
Frost protection Runoff and aerosol control
Sod farms Water quality impacts on soil



http://www.hydroblaster.com/HydrokleenWastewaterFiltration.htm
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Landscape Irrigation

Industrial Recycling and
Reuse

Groundwater Recharge
Recreational/Environmental
uses

Nonpotable urban Uses

Potable Reuse

Public green spaces
Golf courses

Industrial parks
Streetscape

Boiler feed water
Cooling water

Fire protection
Equipment wash-down
Heavy construction
Process water

Groundwater replenishment
Barrier against seawater and
brackish water intrusion
Artificial lakes and ponds
Fisheries

Wetland enhancements

Air conditioning cooling water
Commercial car wash
Commercial laundries

Water features

Fire protection

Toils and sewer system
flushing

Blending with public water
supplies

Surface water augmentation

and crops and ground water
Public acceptance

Public health issues

Runoff and aerosol control

Blow-down disposal
Cooling towers aerosol
Scaling, corrosion, fouling,
and biological growth

Availability of suitable sites
Groundwater contamination
Salt and metals buildup
Eutrophication

Public health issues
Toxicity of aquatic life
Public acceptance

Public health issues
Scaling, corrosion, fouling,
and biological growth

Public acceptance
Public health issues
Regulatory approval

Source: Metcalf and Eddy/AECOM, 2007
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3 Water Reuse in Jordan

3.1 Background

Development of wastewater collection and treatment systems started mostly during the 1980s. Most
treatment plants in the early years used waste stabilization ponds (natural treatment systems). As the
population increased during the 1990s as a result of high natural population growth and the influx of
refugees, many of the treatment plants became overloaded and their upgrade became an urgent
issue. Since 2000, treatment plants have been upgraded, employing mechanical treatment processes
for more efficient treatment and higher effluent quality.

Currently, over 64% of the Jordanian population is connected to a sewerage system and raw
wastewater is conveyed to 27 wastewater treatment plants; of these, 22 have mechanical treatment
processes, and 5 use natural treatment processes (Bataineh Fayez, 2010). Approximately 117 MCM
per year of reclaimed water is produced from the 27 WWTP’s, comprising around 10% of Jordan’s
water supply (WAJ, 2013).

The general reuse applications which are practiced in Jordan are similar to the ones described in
section 2. Table 3-1 below summarizes the effluent quantities produced and water reuse applications
in Jordan.

Table 3-1: Inferential values specially for using reclaimed water for irrigation purpose

Governorate Treatment Plant Effluent Application
M°/day
Ajloun Kufranja 1882.7 Agriculture
Landscape
Amman Wadi Eseeir 2015.4 Agriculture
Amman Al-Jiza and Al Talbiah 290.2 Agriculture
Landscape
Aqgaba Agaba WSP 6669.5 Agriculture
Landscape
Aqgaba Aqgaba Mechanical 10310.3 Landscape
Industrial
As Salt As Salt 4773.3 Agriculture
As Salt Fuheis and Mahis 2003.3 Agriculture
As Salt Al Baga'a 10111.5 Landscape
Nurseries
Polo Field
As Salt Abu Nusair 2506.8 Landscape
As Salt Tall Almantah 306.1 Agriculture
Irbid Ramtha 3580.6 Agriculture
Irbid Wadi Hassan 1101.2 Agriculture
Irbid Wadi Al Arab 9390.7 Agriculture in JVA
Irbid Alekeder 2790.4 Agriculture
Irbid Irbid 8173.9 Agriculture in JVA
Jerash Jerash, Not working 3716.3 Agriculture in JVA
Jerash Al-Merad 755.9 Agriculture in JVA
Karak Al Karak 2426.8 Agriculture
Landscape
Karak Al Lijoon 688.4 Agriculture
Ma'an Ma'an 2414 .2 Agriculture
Ma'an Al Shoubak 50.7 None
Ma'an Wadi Mousa 2456.7 Agriculture
Landscape
Madaba Madaba 4778.8 Agriculture
Nurseries
Mafraq Mafraq 1660.2 Agriculture
Tafilah Al Tafilah 1431 Agriculture in JVA
Zarqa As Samra 219874.4 Agriculture
Nurseries
Total 303176.6

Source: WAJ, 2013
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Based on the table above, it can be concluded that the main water reuse applications in Jordan are
agricultural irrigation, followed by landscape irrigation (WAJ, 2013).

However, in recent years there has been increasing interest in industrial use of reclaimed water. Even
though Agaba is the only WWTP currently providing reclaimed water for industrial purposes, plans to
introduce reclaimed water for industrial cooling and other process water have been considered, and
WAUJ recently entered into a contract in Ma'an for reclaimed water use at the Ma'an Industrial Park.
WAJ is expecting similar developments in other industrial domains (Bataineh Fayez, 2010)

3.2 Legal Framework

The main legislation relevant to wastewater reuse is the Water Authority Law No. 18 adopted in 1988,
which states that WAJ assumes all responsibilities and authorities related to water and wastewater in
Jordan. WAJ’s mandate also includes the management of WWTPs, and thus any product of the
WWTP.

Water reuse in Jordan is governed by the Reclaimed Domestic Wastewater JS893:2006, issued by
the Jordan Institution for Standards and Metrology. This standard regulates the entire cycle of treated
wastewater production, distribution, and eventually its reuse. The current standard was updated in
2006, replacing the previous standards from 1995 and 2002. This standard also refers to the WHO
guidelines as well as the FAO guidelines for reuse of wastewater for irrigation purposes.

The Reclaimed Domestic Wastewater JS893:2006 has two primary components:
A - Reclaimed water for discharge purposes.
B - Reclaimed water for reuse purposes.

3.21 Reclaimed Water for Discharge Purposes

Reclaimed water is allowed (permitted) to be discharged — into water streams (Wadis), valleys, or
areas over which water spreads in winter — only when its quality complies with specifications and
standards stated in Table 3-2. Moreover, the standard requires that when reclaimed water flows in
lands which rise over or lead to a groundwater reservoir, appropriate technical studies should be
carried out and adequate arrangements including the disinfection of reclaimed water should be taken
to prevent pollution of groundwater and public health risks.

Table 3-2: Allowable limits for treated wastewater discharged into streams, valleys

or lakes
Standards Allowable concentration
GROUP A
BOD; (mg/1) 60
COD (mg/1) 150~
DO (mg/1) <1
TSS (mg/1) 60
pH (unit) 6-9
NO; (mg/1) 80
T-N (mg/1) 70
E. coli MPN or CFU / 100ml 1000
Intestinal Helminth Eggs (egg/1) >or =1
FOG (mg/1) 8.0
GROUP B
Phenol (mg/1) >0.002
MBAS (mg/1) 25
TDS (mg/1) 1500
Total PO, (mg/1) 15
Cl (mg/1) 350
S04 (mg/1) 300
1ICO® (mg/1) 400
Na (mg/1) 200
Mg (mg/1) 60
Ca (mg/1) 200
SAR 6.0
Al (mg/1) 2.0
As (mg/1) 0.05
Be (mg/1) 0.1
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Table 3-2: Allowable limits for treated wastewater discharged into streams, valleys

or lakes

Cu (mg/1) 0.2
F (mg/1) 1.5
Fe (mg/1) 5.0
Li (mg/1) 2.5
Mn (mg/1) 0.2
Mo (mg/1) 0.01
Ni (mg/1) 0.2
Pb (mg/1) 0.2
Se (mg/1) 0.05
Cd (mg/1) 0.01
Zn (mg/1) 5.0
Cr (mg/1) 0.02
Hg (mg/1) 0.002
V (mg/1) 0.1
Co (mg/1) 0.05
B (mg/1) 1.0
CN (mg/l) 0.1

3.2.2 Reclaimed Water for Reuse Purposes
Reclaimed water can be reused in the following applications:

Groundwater recharge

Artificial ground water recharge with treated wastewater must not be used for recharging groundwater
which is utilized for drinking water purposes. However, treated wastewater may be reused for the
purpose of artificial groundwater recharging specified for irrigation purposes only.

Moreover, the treated wastewater quality must comply with the standards shown in Table 3-3, and
appropriate technical studies should be carried out before reusing the treated wastewater for
recharging groundwater specified for irrigation so as to show that this water will not affect ground
water basins specified for drinking purposes.

Table 3-3: Allowable limits of water quality which may be used for artificial
groundwater recharging purposes

Standards Allowable Amount
GROUP A
BODs (mg/1) 15
COD (mg/1) 50
DO (mg/1) <2
TSS (mg/1) 50
pH (unit) 6-9
Turbidity (NTU) 2
NO; (mg/1) 30
NH, (mg/1) 5
T-N (mg/1) 45
E. Coli MPN or CFU/ 100ml >2.2
Intestinal Helminthes Eggs (egg/1) >or 1
GROUP B
FOG(mg/l) 8.0
Phenol (mg/1) >0.002
MBAS (mg/1) 25
TDS (mg/1) 1500
Total PO, (mg/1) 15
Cl (mg/1) 350
S04 (mg/1) 300
HCO® (mg/1) 400
Na (mg/1) 200
Mg (mg/1) 60
Ca (mg/1) 200
SAR 6.0
Al (mg/1) 2.0
As (mg/1) 0.05
Be (mg/1) 0.1
Cu (mg/1) 1.5
F (mg/1) 2.0
Fe (mg/1) 5.0
Li (mg/1) 25
Mn (mg/1) 0.2
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Mo (mg/1)
Standards

Ni (mg/1)

Pb (mg/1)
Se (mg/1)
Cd (mg/1)
Zn (mg/1)
Cr (mg/1)
Hg (mg/1)
V (mg/1)

Co (mg/1)
B (mg/1)

CN (mg/l)

0.01

Allowable Amount

0.2
0.2
0.05
0.01
5.0
0.05
0.001
0.1
0.05
1.0
0.1

Irrigation purposes

Reuse of reclaimed water for irrigation purposes involves all land application activities such as
agriculture, landscape, and nurseries. The requirements for reuse of reclaimed water for irrigation

purposes consist of two main groups: standards and guidelines.

e Standards are those mentioned in Table 3-4 that oblige the operating agency to be
committed to producing water conforming to those standards according to the uses

mentioned in the specification.

Table 3-4: Stipulating characteristics and standards which should be maintained for

treated effluents reused for irrigation

Permitted limits according to aspects of uses

Cooked vegetables,

: Fruit trees, Field crops,
Standards and p;rll(jaglsazrdg highway trees industrial Roses
characteristics sidewalks in and green crops and
populated areas areas forest trees
A B C
BOD; (mg/1) 30 200 300 15
COD (mg/1) 100 500 500 50
DO (mg/1) <2 - - >2
TSS (mg/1) 50 200 300 15
pH (unit) 6-9 6-9 6-9 6.9
Turbidity (NTU) 10 - - 5
NO; (mg/1) 30 45 70 45
T-N (mg/1) 45 70 100 70
E. Coli MPN or 100 1000 - 1.1
CFU/100mlI
Intestinal >or = >or =1 >or =1 1<
Helminth Eggs
(egg/1)
FOG (mgl/l) 8.0 8.0 8.0 2.0

For agricultural purposes, the standards specifically state that treated wastewater must not be used to

irrigate vegetables eaten uncooked (raw). Irrigation with treated wastewater should be stopped two
weeks before reaping (harvesting) the fruits. Also, falling fruits and those touching the soil should be

disposed of.

As indicated in the above table, the reuse applications are directly linked to the quality of the treated
wastewater effluent. The irrigation application is divided into 4 main classes (A, B, C, and Roses)
according to the treated wastewater effluent quality. The effluent quality is most stringent when used
for cut flowers, cooked vegetables, and urban landscaping because of the direct impacts on public

health.

e Guidelines are those values listed in Table 3-5 and considered as inferential values. In cases

when values are exceeded, the operating agency should carry out scientific studies, which
aim at clarifying the effect of such water on public health and environment and suggest

practical procedures to avoid any kind of harm on them.

Table 3-5: Inferential values specially for using reclaimed water for irrigation

purposes
Characteristic and standards Inferential values (maximum) Roses
Phenol (mg/1) >0.002 <0.0002

10
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MBAS (mg/1) | 100 | 15
Table 3-5: Inferential values specially for using reclaimed water for irrigation
purposes

TDS (mg/1) 1500 1500
Total PO, 30 30
Cl (mg/1) 400 400
S04 (mg/1) 500 500
HCO; (mg/1) 400 400
Na (mg/1) 230 230
Mg (mg/1) 100 100
Ca (mg/1) 230 230
SAR 9 9
Al (mg/1) 5 5
As (mg/1) 0.1 0.1
Be (mg/1) 0.1 0.1
Cu (mg/1) 0.2 0.2
F (mg/1) 2.0 2
Fe (mg/1) 5.0 5.0
Li (mg/1) 2.5(0.075 for citrus crops) 0.075
Mn (mg/1) 0.2 0.2
Mo (mg/1) 0.01 0.01
Ni (mg/1) 0.2 0.2
Pb (mg/1) 0.2 6.2
Se (mg/1) 0.05 0.05
Cd (mg/1) 0.01 0.01
Zn (mg/1) 5 5.0
Cr (mg/1) 0.1 0.1
Hg (mg/1) 0.002 0.002
V (mg/1) 0.1 0.1
Co (mg/1) 0.05 0.05
Be (mg/1) 1.0 1.0
CN (mg/l) 0.1 0.1

Industrial purposes

The reuse of reclaimed water for industrial purposes such as cooling, fire protection, and industrial
processes is permitted on a case by case basis; special standards or guidelines are to be applied in
each case after conducting the necessary studies, taking into consideration the health and
environmental dimensions.
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4 Baseline Assessment for Al-Za’atari Refugee Camp

This section aims to assess the baseline conditions of the Al-Za’atari camp, treatment plant, and the
land adjacent to where the reuse pilot site is to be located. The main objectives for this baseline
analysis are:

e To identify main components that might affect the proposed reuse project
e To provide a basis for the project’s technical and economic feasibility study

e To investigate the socioeconomic and environmental conditions of the project area and
provide the basis for a more comprehensive Environmental and Social Impact Assessment
Study

4.1 Background

The Za’atari Refugees Camp, located around 10 km east to Mafraq city, has hosted Syrian refugees
since July 2012. The initial capacity of the camp was estimated to be around 60,000 refugees, but this
number has increased dramatically and reached

109,591 by the end of November, 2013.

The increase in the camp’s population resulted in an increased pressure on services provision and
infrastructure, including water and wastewater treatment services. On the other hand, the generated
wastewater poses a risk of ground water contamination. Therefore MWI1 started to install two portable
wastewater treatment plants in the area adjacent to the camp. It is anticipated that Za’atari WWTP will
start to operate in October 2014.

4.2 Data Collection for Existing Environment
The Water Reuse and Environmental Conservation Project’s team collected all the needed data
through:

e Field investigations

e Literature review

e Meetings with relevant stakeholders

Collected literature included, but was not limited to:

e Za'atari Detailed Indicator Report, UNHCR, Nov. 2013

e Preliminary Findings of the Camp Sweep in Za’atari Camp, UNHCR, Jun. 2013

e Water Network studies for Za’atari Camp, Za’atari Water Network Technical Working Group,

May 2014
e Greening” Za’atari Refugee Camp, UNHCR, May 2014
e WASH Sector Knowledge, Attitude and Practices Survey in Za’atari Refugee Camp, (ACTED,
Oxfam, JEN, and UNICEF), Jan. 2014

o Al Za’atari Camp Wastewater Assessment, REACH, Feb. 2014
Findings of the Key Informant Assessments of Syrian Households in Host Communities,
Mafraq Governorate, REACH, Mar. 2013
Key Findings of REACH’s Survey of WASH Facilities in Za’atari, Fact Sheet, Jul. 2013
Factsheet, Weekly Wash Centre Monitoring, Al Za’atari Refugee Camp, REACH, Jun. 2014
Integrated Assessment of Syrian Refugees in Host Communities, OXFAM GB, Mar. 2013
Data from the Department of Statistics publications
Jordan Country Study on Biological Diversity, Mammals of Jordan and Plant Biodiversity and
Taxonomy (the wastewater reuse report will aid in the identification of flora and fauna in the
project area)
e Jordan Climatological Handbook, 2002
¢ UNHCR Maps, 2014

4.3 Description of the Project Area

The Za’'atari WWTP will serve the Za’atari Camp, in Za’atari village, which is located in the north-east
of the Kingdom in the Mafraq Governorate (See Figure 4-1). Mafraq Governorate consists of four
districts, and thirteen sub-districts. Za’atari village is located in the North Western Badia District.
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Figure 4-1: Mafraq Location Map
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As show in Figure 4-2, the Za’atari camp is around 11.7km away from the center of Mafraq
Governorate, and around 55.4km from Amman at 32°18'14.40"N, 36°19'20.60"E.

— | Za atari

Mafraq Governorate

Figure 4-2: Za’atari Location Map

The current population of Mafraq Governorate is 306900 (DOS, 2013). Population of Mafraq
Governorate by administrative divisions is presented in Table 4-1.

Table 4-1: Number of Residents of Mafraq Governorate according to Districts, 2013

Administrative Divisions Population
Mafrag Qasabah District 127830
Mafraq Sub-District 71600
Bal'ama Sub-District 26130
Irhab Sub-District 20810
Manshiyah Sub-District 9290
Badiah Shamaliyah District 72530
(North Western Badia)
Salhiya Sub-District 21400
Sabha Sub-District 12440
Um Al-demal Sub-District 18320
Dair Al Kahf Sub-District 9350

Om-Elqgotain Sub-District 11020
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Table 4-2: Number of Residents of Mafraq Governorate according to Districts, 2013

Badiah Gharbiyah District 94220
Badiyah Gharbiyah Sub-District 29510
Serhan Sub-District 20550
Hosha Sub-District 17820
Khaldiyah Sub-District 26340

Rwaishe District 12320

Source: Department of Statistics (DOS), 2013

As of the end of 2010, only 21.4% of houses in Mafraq Governorate were connected to the public
sewage network, while 78.6% use cesspools. The percentage of unsewered population in Mafraq is
considered one of the highest in the Kingdom.

4.4 Project Location
The Za’atari Camp lies around 11.3 km south of the Syrian borders, and is about 7 km east of Al-
Mafraq city. The camp is located on an area of approximately 5.3 km? (See Figure 4-3)

Figure 4-3: Za’atari Camp Location

As shown in Figure 4-4, the Za’atari WWTP will be placed around half a kilometer south west of
Za'atari Camp borders, at 32.287680°”N, 36.313824°”E, and the water reuse site is proposed to be
located in the land surrounding the Za’atari WWTP.
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Figure 4-4: Za’atari WWTP and Reuse Area Location Map

4.5 Need for the Project

The Za’atari Camp is located on the Amman-Zaraqa ground water basin. Around 3,500 m? of potable
water is provided every day to the Za’atari camp, with an average of 2,640 m? being abstracted daily
from internal groundwater wells, while the rest is provided by external trucking.

Around 1,200 m® of wastewater is transported daily to the Al Akaidar WWTP. This indicates that the
majority of provided wastewater infiltrates into the ground within the camp area.

According to one recent REACH assessment, wastewater is disposed of either in small or large pits,
petrol barrels, plastic tanks, WASH facility tanks, or to the surface. The storm water drainage network
is also used by many households as a means of wastewater disposal, which caused a blockage of the
outlet pipeline. Although sewage is regularly collected and removed by suction trucks, the increase of
individual sanitation facilities and seepage pits poses a high risk on groundwater contamination and
accordingly a significant health risk for camp population.

Despite the scarce resources in Za’atari village, the local community shared them generously with the
Syrian refugees. However the dramatic increase in refugee population in Za’atari created many
economic problems including housing shortage, unemployment, and shortage of health and education
services, and also impacted land transport, business and trade through Syria. Supporting the local
community of Za’'atari’s to sustain their living conditions is therefore very important.
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Based on the above, the project has a vital role in protecting the environment of the camp and its
surroundings. It also maximizes the benefit from the treated wastewater instead of discharging it to the
wadi, especially since this water is in compliance with the Jordanian Standards JS 893/2006 for
treated effluents reused for irrigation of forage and landscape crops.

4.6 The Za’atari Wastewater Treatment Plant

Two containerized Wastewater Treatment Plants (WWTP’s) will be supplied, installed, commissioned
and operated for one-year in Za’atari area to serve the increased population of Za’atari Refugees
Camp. The main purpose is to protect the groundwater in the surrounding areas from overflow of
wastewater. In addition, the reclaimed water will be used in many sectors such as the agricultural and
industrial sectors.

Two units will be installed at Za’atari Camp: one using Membrane Bio-Reactor (MBR) treatment
technology, and one Trickling Filter technology. Each WWTP will include all required components to
work efficiently and individually including all pre-treatment facilities, post-treatment disinfection, and
wastewater sludge holding and management.

Each of the two containerized WWTP’s is designed to treat the projected domestic wastewater flows
and loads. Design load parameters are shown in Table 4-2.

Table 4-3: Design loads parameters for each plant (2 plants)

Parameter Unit Value
Number of users (inhabitants) heads 55,000
Estimated fresh water daily supplied l/capita 40
Organic load g/capita 45
Suspended solids (SS) g/capita 65

The effluent quality of these units must meet the requirements of JS893/20061 for the reclaimed
Water that is reused for restricted irrigation, as shown in Table 4-3.

Table 4-4: Effluent requirements

Parameter Unit Value
BOD5 mg/l 30
COD mg/l 100
DO mg/l >2
Suspended Solids mg/l 50
Ammonia-Nitrogen mg/l 15
Escherichia Coli CFU/100mL <100
Nematodes eggs/L <1
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The wastewater will pass through many stages as shown in Figure 4-5 below

Figure 4-5: Wastewater treatment plant design

The main stages of treatment are as follows:

1. Equalization Basin
The main purpose of the equalization tank is to reduce the amount of flow to the treatment plant during
high influent flow.

2. Screening Facilities
Screening Facility will include the following systems:
e Screens, coarse and/or fine screen(s) as appropriate to protect the plant's components and
treatment processes as well as the environment, public and operators.
e High flow bypass of screened wastewater for emergencies.
e Equipment required for managing the screened solids

3. Oil and Grease Trap
Oil and Grease contained in the domestic sewage must be separated and safely disposed of before
entering the plant’s facilities.

4. Grit-Removal Facilities

A grit removal system will be provided to remove grit from the screened wastewater. Settled grit will be
concentrated, cleaned of organic material and discharged into grit dumpster; while de-gritted
wastewater will be redirected to the equalization tank.

5. Equalization Facilities
An Equalization Tank will be equipped as necessary with mixers, pumps, control... etc. to maintain
wastewater properly conditioned and to feed the treatment system as designed.

6. Secondary Treatment System
The wastewater treatment system will achieve the effluent requirements as described in the regulatory
framework section.

7. Disinfection Facilities

Effluent disinfection is required to meet the effluent Escherichia Coli limit of 100 MPN/100 mL for this
Project.

The disinfection tanks will have sufficient number of tanks and volume to provide a minimum detention
time of 12 min at the peak hourly flow. A liquid-based system will be used to guarantee maximum level
of redundancy, safety and ease of use as well as reducing the required space for equipment and
storage of chemicals.
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8. Sludge Holding Tank and Disposal Facilities

A sludge holding tank and facilities will be provided to ensure that sludge produced at the treatment
plant can be stored temporarily as part of the periodic hauling and transfer by tankers.

The facilities will be designed to prevent septic and odorous conditions occurring in the sludge
management facilities, and will be sized to accommodate the produced sludge for at least Forty Eight
(48) hours.

9. Power generator set.

A diesel power generator will be installed and commissioned for continuous operation, and will be
sufficient for all plant’s activities (process and non-process). In addition to that, the system will include
power transformer(s) and Auto Transfer Switch (ATS) to enable connection of the unit to the public
power supply if possible. Table 4-4 shows the influent flows and loads that will be treated in the
wastewater treatment plant.

Table 4-4: Influent flows and loads for each plant (2 plants)

Parameter Unit Value
Number of users (inhabitants) Heads 55,000
Estimated fresh water daily supplied l/capita 40
Suspended solids g/capital 65
Flow rate m*3/day 1760
BOD5 Load kg/day 1980
BODS5 concentration mg/I 1125
TSS load kg/day 2860
TSS concentration mg/l 1625

4.7 Site Description
The following section describes the existing environmental conditions in the areas that may be
affected by the project.

4.7.1 Biophysical Environment

Climate

Mafraq is situated in the subtropical desert scrub biome. Based on the climate data collected,
precipitation in the Mafraq area occurs between October and May, with an average total annual rainfall
of 150 mm. The average annual temperature is 16°C with a monthly average temperature of 17.5°C
as shown in Table 4-5.

Table 4-5: Monthly climate information about Al-Mafraq area

Month Mean Maximum  Mean Minimum Total Monthly Mean Mean Wind

Temperature Temperature Rainfall (mm) Relative Speed

(°C) (°C) Humidity (%) (Knots)
January 12 2 36 77 3
February 14 3 33 73 3
March 18 5 21 60 4
April 23 8 9 53 4
May 29 12 3 43 3
June 32 14 0 40 4
July 33 15 0 45 3
August 33 16 0 57 4
September 31 14 0 55 3
October 27 11 2 51 3
November 21 7 5 60 3
December 15 4 7 65 3

Source: Jordan Climatological Handbook / Jordan Meteorological Department, 2007

19



USAID Water Reuse and Environmental Conservation Project
Water Reuse Plan for the Al-Za’atari Refugees Camp

Land Use

The project area is treeless, with a few scattered, small shrubs. The project area is also uninhibited,
except for the northern-eastern part where the Za’atari Camp is located. The camp is less than half
kilometer from the reuse area.

As shown in Figure 4-6, the Za’atari WWTP and the northern part of the reuse project area are located
on a privately owned property adjacent to the Za’atari Camp. The southern part of the reuse area lies
on governmental land.

Figure 4-6: Land Use of the Reuse Project Area

Soil and Geology

The project area is covered by soil which occurs as local exposures scattered in many parts of the
area. Soil includes small boulders of basalt and chert. Two types of soil are present: a reddish-brown
and pale brown soil and yellow desert soil.

Sedimentary rocks of the Balga group cover local parts of the adjacent area. The Amman Silicified
Limestone and Al Hisa Phosphorite Formation (Campanian) are the oldest exposed rock units. The
overlaying Muwaqqar Chalk Marl Formation is not exposed in the area.

Stratigraphy
The sedimentary rocks noted above cover parts of the project location and adjacent areas. The
formations are stratified from the oldest in age to the youngest as follows:

Amman Silicified Limestone and Al Hisa Phosphorite Formations

1. Amman Silicified Limestone and Al Hisa Phosphorite Formations (ASL/AHP) have a local
distribution in the southwestern part of the area.

2. The exposed part of the ASL/AHP unit consists mainly of blue, black and white, medium to
thick bedded chert alternating with white grey hard and fossiliferous micritic limestone. The
upper part of this formation in the area is comprised of chert, limestone and phosphatic
limestone.

3. The exposed part of the ASL/AHP unit is up to 40m thick, whereas in Mafraq the sheet area it
is 94m thick.

20



USAID Water Reuse and Environmental Conservation Project
Water Reuse Plan for the Al-Za’atari Refugees Camp

4. The unit is of Campanian age (Wetzel and Morton, 1959).
5. Amman Silicified Limestone Formation was deposited in a shallow marine environment.
Shallowing is indicated by the presence of Oyster coquina.

Umm Rijam Chert Limestone Formation
Umm Rijam chert limestone formation is not exposed in the project area.

Quaternary Sediments
Quaternary sediments (Pleistocene - Holocene) can be differentiated into Pleistocene gravels and soil:
1. Pleistocene to recent gravels have a restricted distribution in the area. Gravels generally
consist of pebbles, cobbles and boulders of chert, chalk, limestone and basalt.
2. Soil covers most of the project area and occurs as local exposures scattered in many parts of
the area. Soil includes small boulders of basalt and chert.

Volcanic Rocks

Volcanic rocks cover broad swaths of the area. Basaltic rocks in the study area are part of the Harrat
Ash Shaam Basaltic Super Group (HAS). Rocks are defined on the basis of the field characteristics.
Descriptions of the exposed rocks in the project and adjacent area follow:

- Wadi Manasif and Fahda Vesicular Basalt formations of the Bishriyya Group, Wadi Al Manasif
Basalt Formation are similar to the Fahda Basalt Formation (Tarawneh et al., 2000).
Therefore, in the area the two formations were mapped undifferentiated (Bishriyya Group).

- Bishriyya Group is the youngest volcanic recorded in the study area. The group is
characterized by slight weathering and dark tone color, fresh, blocky "aa" and some pahoehoe
lava basalt.

- Distribution - Bishriyya Group has a restricted distribution in the area and covers mainly the
central and southern parts, with local exposure in the western part of the area. These flows
are present in other parts including randomly distributed boulders.

- Lithology - The basalt of the Fahda Formation is characterized by melanocratic, dark grey to
grey, fine-grained, uniform, lustrous dense and hard basalt. The olivine phenocrysts are
typically clustered and make up 15-20%. It is fresh, dark green to green in color. The
iddingstie is rare and cannot be seen in hand specimens.

- Major and minor basaltic dykes are well exposed in the area, where the major dykes are
trending toward NW-SE. The dykes have positive features, linear ridges and/or isolated hills.
The main basaltic dyke in the area is Umm EIl Jimal dyke that trends WNW-ESE. The minor
dykes are observed in many parts of the area and trending NW-SE, NEOSW and E-W.

Structural Geology

Faults

The Project area is covered by soil, so no district structures. According to the geological map of Um Al
Jimal mapped by Geological Mapping Division - Ahmad A. Gharaibeh, 2003, Umm Al Jimal Fault (NW-
SE) is the most distractive structural feature away from the project area. The fault is 0.5 km wide and 6
km away from the WWTP. However, other sub parallel faults are present in the south western part of
the project area. The NW-SE fault is evidenced by the presence of basaltic dykes along the fault .
Figure 4-7, a Geological Map of Um Al Jemal, shows that one of the inferred sub parallel faults passes
through the WWTP area. However, since these faults are covered with soil, thorough geotechnical
investigations should be conducted to assure that these faults will not interfere with the construction of
the WWTP and the reuse activities.
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Figure 4-7: The Geological Map of Um Al Jemal
Dykes

Dykes are present as positive hills aligned along fissure zones. They have a strong influence on the
mud flats and drainage pattern. Most of these dykes are a source of basaltic flows and represent the
last stage of magnetic activity with respect to the different volcanic successions. The magma is
injected along fissures to form dykes, vents, central volcanoes and large basaltic fields.

Hydrology and Hydrogeology

Many water wells were drilled in the project area. The surface water is draining to the south east of the
project area. Basalt and Wadi As Sir formation are the main aquifers in the area.

Aquifers
The principal aquifers are divided into three main formations:

1) The deep sandstone aquifer
2) Amman-Wadi As Sir aquifer
3) Upper aquifers

Upper aquifers consist mainly of two systems. The first is the basalt aquifer, which extends from the
Syrian Jebel Dyuz area southward towards the Azraq Qadi Dhuliel region; the second aquifer is
located in the eastern part of the project area and consists of sedimentary rocks and alluvial deposits
of tertiary and quaternary ages. These rocks are overlain by basalt aquifers.

Amman - Wadi As Sir aquifer consists of two formations. These are the Wadi As Sir limestone and
Amman silicified limestone formations which form one of the most important and extensive aquifers.
According to WAJ the groundwater recharge of these aquifers within Yarmouk basin is through three
sources: Ajlun Mountains, under flow from the north eastern desert basin towards the area of Umm Es
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Sirab area, and underflow moving towards the river Yarmouk from Syrian territories.

Water Resources

The Za’atari camp is located within Amman-Zarga Basin (AZB) (See Figure 4-8) which is one of the
important fresh groundwater sources in Jordan. The basin area is approximately 3950km?and covers
mainly Amman Zarga and Mafraq cities. Abstraction from the basin was around 158.6 MCM in 2010,

even though the basin’s annual safe yield is 87.5 MCM. Annual average rainfall in Mafrag Governorate
is 150 mm.

Figure 4-8: Reuse Area within Amman Zarqa Basin
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The number of registered wells was 867 in 2010. There are also some illegal wells in the basin, but
the number is unknown.

Water abstracted from the AZB is used for municipal, agricultural, and industrial uses. Figures 4-9 and
4-10 below show the number of groundwater wells utilized for each sector, as well as the quantities of
water extracted for each sector.
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Figure 4-9: Number of Groundwater Wells in AZB Used for the Various Sectors
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Figure 4-10: Extraction Quantities from AZB for the Various Sectors

Six groundwater wells in the AZB are located near to the reuse area. As shown in Figure 4.11, the
closest well (no.7) is located around 200 m from the reuse area, and 700m from the WWTP.
Approximately 25 m® of groundwater is abstracted from well no.7 each hour. Well no.9 is around 600
m south of the reuse area, and 1.3 km from the WWTP. The total amount abstracted from these wells
and pumped through Za’atari Pump station is around 80 m? per hour. However, groundwater
abstraction from well no. 4 was recently stopped due to the water’s bad odor. A thorough investigation
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should be conducted to ensure that the effluent generated from the WWTP will not pollute the near-by
drinking water wells. Also, frequent sampling should be conducted for these water wells.

Figure 4-11: Za’atari Groundwater Wells

Animal Species

The Za’atari area includes several species of mammals, reptiles and rodents. Mammals in Za’atari
include wolves, red foxes, striped hyenas, Eurasian badger, and marbled polecat. Rodent species
found in the area included the five-toed jerboa and the Wagner’s gerbil.

Table 4-6 lists types of snakes that live in the Za’atari area, noting length and venomous level.

Table 4-6: Snake Types, Length and Venomous level in Za'atari Area

Snakes in Za'atari area Length Venomous Level
Western Sand Boa 60cm Non-Venomous Snake
Schmidt's Whip Snake 150cm Non-Venomous Snake
Large Whip Snake 250cm Non-Venomous Snake
Crowned Dwarf Snake 35cm Non-Venomous Snake
Eirenis Coronelloides 30cm Non-Venomous Snake
Striped Dwarf Snake 30cm Non-Venomous Snake
Montpellier Snake 200cm Non-Venomous Snake
Moila Snake 150cm Non-Venomous Snake
Diadem Snake 130cm Non-Venomous Snake
Black Desert Cobra 110cm Highly Venomous Snake
False Horn Viper 90cm Venomous Snake

Sources: RSCN, 2014

Flora and Fauna
Vegetation in the Za’atari area is poor and mostly composed of fleshy plants that can resist hot
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conditions. There is a poor tree layer and the majority of plants are either small shrubs or herbs (See
Figure 4.12). The vegetation is usually found around scattered watershed in small Wadis.

Figure 4-12: Flora in the Project Area

Table 4-6 shows the most common plant species in the project area. Many factors have caused
biodiversity losses, including overgrazing, soil erosion, desertification, and climate change that led to
water shortage (low annual rainfall). All these factors led to poor vegetation cover and thus habitat
destruction.

Table 4-5: Flora in Za'atari area

Scientific Name Common Name
1 Achillea fragrantissima Sweet-smelling Lavender Cotton
2 Phlomis spp. Phlomis
3 Artemisia herba-alba Wormwood
4 Anabasis articulata Jointed Anabasis
5 Herniaria hirsute Hairy Rupture-wort
6 Zilla spinosa Zilla
7 Anthemis deserti Negev Chamomile
8 Atriplex halimus Tall Orache
9 Astragalus spp. Milk Vetch
10 Peganum harmala Peganum
11 Salsola vermiculata Narrow-leaved Saltwort

Sources: RSCN, 2014
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Archaeological Resources

Mafraq Governorate is rich in archaeological sites dating back to different eras. Its location made
Mafraq Governorate one of the region’s leading cities in earlier times. More than 25,000 writings
belong to different eras were found in Mafraq. However, there are no archaeological remains or

resources within the project area.

4.8 Socio-economic Conditions
As noted in Section 4.4, Za'atari is located in the north-east of the Kingdom in Mafraq Governorate.
Za’'atari is about 11.7km away from the center of Mafraq and 55.4km from Amman.

4.81 Population

As noted in Section 4.1, the current population of Mafraq Governorate is 306,900 (DOS, 2013), with
the camp population reaching 109,591 by the end of November 2013. However, it was estimated that
the population of Zaatari village itself was19,490 at the end of 2010.

4.8.2 Water and Electricity Services

Mafraq is facing many problems due to the limited water resources, and the dramatic increase in
refugee population. The refugees in the Za’atari camp raised the consumption of water that is being
pumped for the Badia region in July, 2014 from 500m>/hr to 600 m*/hr, which caused water supply
shortages.

On the other hand, there are two internal groundwater wells within the Za’atari camp that cover
around 75% of the camp’s water requirements. The remaining 25% of the camp’s water requirements
is provided through external trucking. The quality and quantity of provided water are suitable for
drinking, cooking, and personal and domestic hygiene. At least 35I/p of fresh water is supplied daily to
the entire population of the camp. Figure 4-13 shows the daily water supply in the Za’atari camp from
February 2013 to April 2014. In June the camp’s population reached 120,000 causing an incremental
surge in water consumption. In December, the population decreased to 100,000 and water
consumption decreased accordingly.

Electricity services in Mafraq Governorate are improving day by day. Five generators were recently
added in the Mafraq area by Irbid District Electricity Company (IDECO) to improve the electricity
current and to lower the load on the other generators. Mafraq electricity consumption is 736,036kw/hr
which forms 31.91 of the total generated energy that is provided by IDECO.
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Figure 4-13: Daily Water Supply in Za’atari Camp from Feb 2013 to Apr 2014
Source: Za’atari Water Network Technical Working Group, May 2014

4.8.3 Employment and Development

Unemployment is considered moderate. The rate of unemployment in Mafraq Governorate is 10.7%.
However, unemployment in Mafraq is higher among females and it reached 15.02% in 2012. In
comparison, the unemployment rate in the whole Kingdom is 12.2%.

The poverty rate in Mafraq Governorate is 19.2%, whereas the average percentage of poor people in
the Jordanian Governorates is 6.2%.

Most Mafraq residents work in the public sector, including the armed forces and education. However,
there has been a significant increase in labour forces that work in the agricultural sector. Producing
olive oil is becoming dominant in Mafraq, especially in Al-Mazra’a area. Table 4-7 shows the average
annual income for household in Mafraq Governorate.

Table 4-6: Average Annual Income for Households In Mafrag 2010

Average Annual Current Income in Mafraq 2010 JOD

Income from Employment 3606.3
Own Account Income 805.1
Income from Rent 841.5
Property Income 16.7
Transfers Income 2005.5
Total 7276.3

Source: DOS, 2010
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5 Water Reuse Plan for Al-Za’atari Refugee Camp

This section describes the design approach used in developing the water reuse plan for the Al-Za’atari
camp. It also identifies and describes the potential water reuse applications suitable for the camp and
its surrounding conditions.

5.1 Design Approach

The design of the water reuse plan for the Al-Za’atari camp is based on the benefit sharing approach.
This approach will give the opportunity for both the refugees inside the camp as well as the hosting
community outside the camp to benefit from the proper reuse of the treated wastewater. From a
technical point of view, however, the water reuse plan is designed in a way to optimize the beneficial
reuse, thus minimizing the environmental pollution risks.

5.2 Screening of the Water Reuse Applications for Al-Za’atari Camp

An average of 3,500 m? of wastewater will be treated daily. The final effluent from the WWTP should
meet the requirements stated in the WWTP TOR (Contract) listed in Table 5-1 below. In addition, the
effluent should comply with the requirements of The Jordanian Standard for Reclaimed Domestic
Wastewater JS893:2006. The JS893/2006 specifies effluent criteria that should be met for discharge
purposes, as well as for reuse purposes. Table 5-1 compares the effluent criteria stipulated in the
TOR to the allowable limits of water quality stipulated in the JS893/2006 for different reuse purposes.

Table 5-1: Effluent Criteria As Per The WWTP TOR And JS893/2006 For Different Reuse Purposes

Parameter TOR Discharged Artificial Reused for Irrigation
Criteria Into Streams, Groundwater
Valleys or Recharging A* B** C*** D****
Lakes
BOD5 mg/l 30 60 15 30 200 300 15
COD Mg/l 100 150 50 100 500 500 50
DO mgl/l >2 <1 <2 <2 - - >2
Suspended 50 60 50 50 200 300 15
Solids mgl/I
Ammonia- 15 - 5 - - - -
Nitrogen mg/l
Escherichia Coli <100 1000 >2.2 100 1000 - 1.1
CFU/100MI
Nematodes <1 > or =1 >or 1 >=1 >=1 >=1 1<
eggs/L

*Cooked vegetables, parks, playing ground and sidewalks in populated areas
** Fruit trees, highway trees and green areas

*** Field crops, industrial crops and forest trees

**** Roses

According to this table, once the waste water generated from the camp is treated as per the
requirements of the WWTP’s TOR and the Jordanian standards, reclaimed water from Za’atari WWTP
can be discharged and/or resued in the following applications:

e Discharge to streams, valleys or lakes

e Reuse in irrigation of agricultural crops that will not be eaten raw

e Reuse in landscaping, irrigation of fruit trees, highway trees, field crops, industrial crops, and
forest trees

However, reclaimed water from Za’atari WWTP will not be suitable for the artficial recharging of
groundwater, since it does not meet the specified standards for this purpose. Moreover, it will not be
suitable for the irrigation of roses. Therefore, special attention should be given to reduce over irrigation
and ground spreading of effluent to prevent indirect ground water recharge.
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5.3 Potential Water Reuse and Disposal Outlets for Al-Za’atari Camp
After screening Al-Zaatari camp water reuse applications according to JS893/2006, water reuse at Al-
Za'atari camp can be divided into three main outlets:

¢ Reuse inside the camp
¢ Reuse outside the camp
e Disposal to the near-by Wadi

Each outlet consists of one and/or more water reuse application. These outlets are discussed in detail
below.

5.3.1 Outlet 1: Potential Water Reuse inside the Camp

Treated wastewater will be used within the camp borders. The main goal of reusing the reclaimed
water inside the camp is to improve the overall living conditions in the camp. On the other hand, the
reuse of reclaimed water within the camp will help in conserving the fresh groundwater that is currently
used for non-potable uses inside the camp.

An agreement between UNICEF and WAJ was signed recently to allocate 20% (700 m?/ day) of the
reclaimed water for landscaping within the Za’atari Camp. This will provide the water needed for the
landscaping activities both around the camp districts (streetscape) and around the whole camp (Green
Belt). Some small scattered gardens can also be established. The main purposes for the landscape
activities within Za’atari camp are:

¢ Urban Landscape Planning: as a mean of urban planning and growth management,
landscape planning will designate the camp borders as well as the borders of the camp’s
districts. This will prevent development outside these borders and restore some wildlife within
and around the camp.

e Camp’s Security: the green belt will improve the fencing around the camp and will help in
securing the camp and controlling people movement from and to the camp.

e Privacy: districts and individual caravan’s privacy will be enhanced with the green screens
within the camp. Landscaping in and around the camp will also help in reducing the noise.

¢ Environmental Conditions: increasing the green cover within the camp will help in returning
the wildlife, and reducing the dust and winds effects. In addition, the green cover will reduce
the frost effect during winter, and will provide cooling and shading effects during summer.

e Health: improving the environmental conditions of the camp will ultimately improve the health
of refugees through dust reduction and cooling and shading effects.

e Flood Control: the green belt as well as the trees around the camp districts can be used as a
tool for flood control

e Social Activities: the green cover will provide the space for social activities within the camp
as well as creating some job opportunities.

e Source of firewood and alternative source of feed: after the closure of the camp, the
hosting community of Al-Zaatari can utilize part of the trees as a source of energy (firewood),
and to feed their livestock.

Figure 5-1 below shows the potential landscape areas. It is estimated that around 27,000 trees
and shrubs can be planted inside and around the camp as follows:

e Around the Camp (green belt): planting 2 rows of trees at 2 meters planting distance will result

in around 10,000 trees. A third row of shrubs can be added to improve wind breaking, adding
extra 5,000 shrubs.
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e Around the Camp Districts: planting one row of trees around each district will result in 6,000
trees. A second row of shrubs can be planted, adding extra 6,000 shrubs.

It is recommended to plant the trees (windbreakers) densely in both the southwest and northeast sides
of the camp to effectively reduce the wind effects in winter time. Also, it is recommended not to plant
around the drinking water wells, so as to avoid contamination risks.

Figure 5-1: Potential landscape areas within and around the Al-Za’atari Camp

The camp management and operating organizations can involve the community inside the camp in the
landscape activities by participating in the planting, irrigation, and maintenance works. The project will
therefore provide new community-based activities, and will fill the refugees’ leisure time in a productive
way. However, proper training and awareness sessions on the safe use and handling of reclaimed
water should be provided to avoid any health risk issues. In addition, as per the requirements of
JS893/2006 warning signs should be installed. The signs should indicate the source of the water
(“treated wastewater”) and the purpose of use (e.g. “landscape irrigation”).

5.3.1.1 Proposed Landscape Plants

The proposed landscape plants were selected to be drought tolerant, with low irrigation requirements,
and minimum care and maintenance needs. They are commonly used in landscaping in Jordan and
are available at the Ministry of Agriculture nurseries. Moreover, the proposed plants can be used as
alternative plants for fodder crops and firewood and thus can be used by the hosting community.
Below are brief descriptions of some of the proposed plants.
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Source: USAID, Forage Production Model for
Subsistence Farming using Reclaimed Water
in Semi-arid Regions of Jordan , 2013

Source: USAID, Forage Production Model for
Subsistence Farming using Reclaimed Water in Semi-
arid Regions of Jordan , 2013

Acacia saligna or Acacia cyanophylla — Tree or shrub

This can be used for multiple purposes, as it grows under a
wide range of soil conditions into a woody shrub or tree. It has
been used for tanning, re-vegetation, animal fodder, mine site
rehabilitation, firewood, mulch, agroforestry and as a
decorative plant. Acacia saligna has been planted extensively
in semi-arid areas of Africa, South America and the Middle
East as a windbreak and for stabilization of sand dunes or
erosion.

Moringa Peregrina - Tree

Moringa is the sole genus in the flowering plant family
Moringaceae. It contains 13 species from tropical and
subtropical climates that range in size from tiny herbs to
massive trees. Moringa grows quickly in many types of
environments. Much of the plant is edible by farm animals.
The leaves are rich in protein, vitamin A, vitamin B, vitamin C
and minerals.

The Moringaperegrina tree, also known as Moringaaptera, Al
Yassar and Al Ban, can be found in arid areas like Wadi Araba
and near the Dead Sea. After flowering, it develops long pods
that contain a number of seeds arranged in a row. The
Bedouins boil the seeds and extract a sort of oil they use in
their diets. This tree is very much endangered because the
Bedouins have let their goats graze on it and eat the greenery
parts and have used it as a source of wood for cooking and
warmth in winter.

Ziziphusspina-christi, Christ's Thorn Jujube - Tree

This is an evergreen tree native to northern and tropical Africa
and southern and Western Asia. Because it develops a very
deep taproot and spreading lateral roots, it is used for
stabilizing sand dunes and other unstable soils. Its fruits are
eaten by sheep and goats and the foliage by camels. Other
advantages include shade and shelter, soil improvement, and
boundary support. It is planted around towns and villages for
shade and makes useful windbreaks and shelterbelts. It
improves soil quality by increasing available Phosphorus. Its
thorny branches can also be grown to form a stock-proof living
fence
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Source: USAID, Forage Production Model for
Subsistence Farming using Reclaimed Water in Semi-
arid Regions of Jordan , 2013

Ziziphus jujube - Tree

This tree tolerates a wide range of temperatures and rainfall,
though it requires hot summers and sufficient water for
acceptable fruiting. Unlike most of the other species in the
genus, it tolerates fairly cold winters, surviving temperatures
down to about —15 °C. This enables the jujube to grow in
mountain or desert habitats, provided there is access to
underground water through the summer.

The species Z. zizyphus grows in cooler regions of Asia. Five
or more other species of Ziziphus are widely distributed
among both milder climates and hot deserts of Asia and
Africa.

Sesbaniasesban — Tree or shrub

Commonly found in Java, Indonesia, this is planted in the
yard, a side fields or on the plantation as shade plants,
windbreaks or green manure. It can grow in poor soil and can
be found from the lowlands to about 800 m. It grows quickly
into a multi-branched shrub or small tree, 2-6 meters high. The
leaves pinnately compound, with 7-25 pairs of leaflets.

Parkinsonia aculeata- Tree or shrub

Parkinsonia aculeate (commonly known as palo verde) can be
either a spiny shrub or a small tree. It typically grows 2 to 8 m,
with a maximum height of 10 metres. It may have single or
multiple stems and grows many branches. The leaves are
pendulous.

Parkinsonia aculeata has a high tolerance to drought, simply
attaining shorter stature when water is scarce. In moist and
humus-rich environments it becomes a taller, spreading,
shade tree. This plant prefers a full sun exposure, but can
grow on a wide range of dry soils (sand dunes, clay, alkaline
and chalky soils, etc.).
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Casuarina — Tree

These evergreen shrubs and trees grow to 35 m tall. They are
often planted as a windbreak and their wood is used for
shingles and fencing and makes excellent, hot-burning
firewood. The foliage consists of slender, much-branched
green to grey-green twigs bearing minute scale-leaves in
whorls of 5-20.

Source: USAID, Forage Production Model for
Subsistence Farming using Reclaimed Water in Semi-
arid Regions of Jordan , 2013

Bougainvillea-Shrub

A genus of thorny ornamental vines, bushes, and trees with
flower-like spring leaves near its flowers

The vine species grow anywhere from 1 to 12 meters tall,
scrambling over other plants with their spiky thorns. They are
evergreen where rainfall occurs all year, or deciduous if there
is a dry season.

Bougainvillea are relatively pest-free plants. In the landscape,
it makes an excellent hot season plant, and its drought
tolerance makes it ideal for warm climates year-round. Its high
salt tolerance makes it a natural choice for color in coastal
regions

Source: http://www.panoramio.com/photo/68574524

Nerium oleander - Shrub

An evergreen shrub or small tree. Oleander grows to 2—6 m
tall, with erect stems that splay outward as they mature.
Nerium oleander is planted in many subtropical and tropical
areas of the world

Oleander grows well in warm subtropical regions where it is
extensively used as an ornamental plant in landscapes, in
parks, and along roadsides. It is drought-tolerant and will
tolerate occasional light frost down to =10 °C. Oleander is
toxic to livestock if eaten; therefore its use should be strictly for
landscape purposes.

Source: http://en.wikipedia.org/wiki/Nerium
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Lantana Camara —shrub

Lantana camara is a small perennial shrub which can grow to
around 2 m in height and forms dense thickets in a variety of
environments. Lantana Camara flowers come in many

different colors including red, yellow, white, pink and orange.

Lantana is very easy to grow and will adapt to most soil types
and grows in tropical and sub-tropical regions and has low
water requirements

Source:https://ag.arizona.edu/pima/gardening/aridplan
ts/Lantana_camara.html

Plumbago-shrub

Plumbago is an evergreen shrub and fast grower that blooms
on and off all year and it needs full to part sun to flower to
perfection. Plumbago grow to around 3 m in height. Blue
Plumbago is moderately drought-tolerant and is grown all
around the world.

Source:http://www.projectnoah.org/spottings/65
44939/fullscreen

5.3.1.2 Multi-purpose non-potable use distribution network

The proposed “Multi-purpose non-potable use distribution network,” shown in Figure 5-2 can be used
not only for landscape irrigation but for other applications that need non-potable water, such as
construction or washing out of heavy equipment, or for fire protection or dust control.

e Fire protection. Several fire hydrants can be installed as shown in figure 5-2, to cover the
camp area. This will improve the emergency response time and will reduce the costs of
transferring reclaimed water from the storage pond into the camp.

e Dust Control. It is believed that 12% of diseases in the camp are caused by dust (WASH,
2013). Therefore, reclaimed water conveyed through the distribution network can be utilized
for dust suppression, especially in windy weather.

¢ Non-Potable use: reclaimed water can be used in light construction works and vehicle
washing.

The proposed multi-purpose non-potable use distribution network consists of a pumping station
located next to the irrigation pond at the WWTP, buried high density polyethylene pipes to convey the
reclaimed water to and within the camp, and fire hydrants as distribution points. A fence around each
distribution point is recommended so as to avoid vandalism and illegal use by the community inside
the camp.

The treated wastewater will be pumped through the buried pipes to the distribution points. Tankers will
supply from the distribution points to water the plants within the closest district and around the camp.

35


http://en.wikipedia.org/wiki/Perennial

USAID Water Reuse and Environmental Conservation Project
Water Reuse Plan for the Al-Za’atari Refugees Camp

Figure 5-2: Layout of the multi-purpose, non-potable use distribution network

Operating bodies such as UNHCR and UNICEF can benefit from this proposed distribution network
since it will improve the distribution efficiency and will ease water distribution in the camp, and it will
reduce the costs of conveying reclaimed water through the tankers into the camp.

5.3.2 Outlet 2: Potential Water Reuse outside the Camp

The main goal of utilizing the reclaimed water outside the camp is to optimize the beneficial reuse
share and minimize the disposal. This will reduce the pollution risks, and will enable the operating
bodies to cover part of the operational costs of the WWTP. On the other hand, utilizing the reclaimed
water outside the camp will help the hosting communities to generate income. The project team
identified several water reuse opportunities outside the camp. These opportunities are discussed
below.

Reuse in Fodder Agriculture

As discussed in section 3 of this report, one of the most common practices in water reuse in Jordan is
to utilize reclaimed water in the production of forage crops. This practice, if applied in Al-Za’atari, will
help supporting the overall efforts to promote beneficial water reuse in the Kingdom. It will also help to
reduce the use of fresh groundwater in agriculture as well as reduce environmental pollution risks.

Around 37 ha were allocated to construct the wastewater treatment plant and to establish a treated
wastewater reuse site. The site location is shown in Figure 5-3. It was estimated that 2 ha will be
allocated for construction of the WWTP, and the remaining area of 35 ha can be utilized to establish a
fodder farm.
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Figure 5-3: Site location of wastewater treatment plant

WAJ can lease the remaining land to the private sector including agricultural cooperative associations
from the Za’atari area to establish a fodder farm; this is a common practice by WAJ around other
WWTP’s across the kingdom. The private sector will purchase the reclaimed water at a price that will
be determined by WAJ. Here it is important to recommend pricing the reclaimed water on a cost
recovery basis, or to take into consideration the operational costs of the wastewater treatment when
pricing the reclaimed water. This will ensure the sustainability of producing high effluent quality.

Moreover, it is proposed to establish a buffer area in the western side of the reuse area as shown in
Figure 5-3. This buffer area will separate the reuse area from the near-by wadi and most important
from the near-by drinking water well which is located 200 m from the reuse site. It is estimated that the
buffer area will cover around 5 ha of land extending from the northwest to southwest side of the reuse
area. The buffer area will help in reducing the infiltration and runoff effects of the reclaimed water
towards the wadi and well, thus reducing any contamination risks.

Best water reuse scenario

Proposed crops for the reuse scenarios are forage crops selected following consideration of the
common crops produced and local market needs. Alfalfa is proposed as a perennial forage crop,
barley as a winter crop and sorghum as a summer crop. Perennials are proposed as they provide feed
stuff for livestock almost all over the year. Annual (summer and winter crops) can be introduced to
provide flexibility to cover for the extra or emergent nutrition requirements for livestock, especially in
winter. Different cropping patterns scenarios are discussed later in this chapter.

Water balance

Water balance in irrigation refers to the amount of water that enters and leaves a cropped area over a
period of time (the “water budget”). Developing a water balance study for an irrigated farm is a
significant step in increasing water productivity through conservation. As part of the water budget,
water inflow in a cropped field enters the soil either as irrigation water or rainfall. Rainfall varies in
amount, frequency and intensity around the year. The portion of rainfall that can be stored at the root
zone for a cropped field is usually called “effective rainfall.” Calculations of rainfall and effective
rainfall values used for the water balance were based on data collected from the closest weather
station to the project site, in Mafraq, as shown in Table 5-2.

37



USAID Water Reuse and Environmental Conservation Project
Water Reuse Plan for the Al-Za’atari Refugees Camp

Table 5-2: Rainfall and effective rainfall recorded at Mafraq
weather station.

Month Rain Effective rain
mm mm
January 34 32.2
February 30 28.6
March 28 26.7
April 9 8.9
May 2 2
June 0 0
July 0 0
August 0 0
September 0 0
October 8 7.9
November 16 15.6
December 29 27.7
Total 156 149.5

Source: FAO, CROPWAT version 8.0

On the other hand, the water outflow from a cropped surface can be estimated considering Reference
evapotranspiration (ET,). Reference evapotranspiration refers to water loss from a cropped field with a
reference crop (alfalfa) as plant transpiration and evaporation from the soil surface. The calculation of
ET, is frequently performed by means of the so-called Penman-Monteith method recommended within
the FAO Irrigation and Drainage Paper Number 56. However, the estimated ET, considers climatic
data recorded at Mafraq weather station (Table 5-3). In order to calculate the ET values for other
crops (ET.), the ET, values were multiplied by a crop coefficient (K.) for each.

Table 5-3: Climatic data recorded at Mafraq Weather station

Month Min Temp Max Temp Humidity Wind Sun Rad ET,

°C °C % km/day hours MJ/mZ/day mm/month
January 1.9 12.8 72 268 5.3 10.1 51.94
February 2.9 14.8 69 302 6.3 13.2 63.45
March 4.9 18.1 62 337 6.6 16.2 102.92
April 8.1 22.9 53 354 7.9 20.3 147.07
May 11.3 28.2 44 320 9.6 24 1 201.72
June 14.1 31.7 43 354 10.8 26.2 232.64
July 15.4 32.7 50 363 11.1 26.3 238.76
August 15.6 32.8 53 354 10.7 24.6 223.75
September 13.1 30.8 56 302 9 20.1 172.24
October 10.6 26.2 55 225 8.1 16.1 125.51
November 6.3 20.5 63 225 7 12.3 80.8
December 2.1 14.3 74 259 5.3 9.6 53.18
Average 8.9 23.8 58 305 8.1 18.3 1693.98

Source: FAO CROPWAT version 8.0

Irrigation requirements

One of the main factors that needs special attention when planning for the reuse of effluent in
agriculture irrigation is to match the amount of water needed for irrigation with the amount of the
effluent water available. The latter is steady all the year round, while the Gross Irrigation
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Requirements (GIR) is variable depending on the time of the year, the crops grown and the amount
and intensity of rainfall.

Estimating GIR for each crop considers the available effluent rate, irrigation technique, irrigation
system efficiency, leaching fraction (LF), effective rainfall, ET. and planted areas. The available
effluent that can be used for irrigation at the reuse site is 2,800 m /day, after subtracting the landscape
needs agreed on between WAJ and UNICEF (700 m3/day). When reclaimed water is used for
agricultural purposes, it is important to understand the potential impact of salinity on the plant growth.
To avoid detrimental effects of salinity, part of irrigated water must be leached out from the root zone.
The fraction of water to be leached out was estimated for each crop based on the expected Total
Dissolved Solids (TDS) in the irrigation water and the salinity impact on the growth of each proposed
crop.

Assuming the design TDS for the available effluent of 1,000 mg/l, the Electrical Conductivity of the
irrigation water (EC,,) can be estimated as 1.6 dS/m. Accordingly, LF of 42%, 0.04% and 5% were
applied for alfalfa, barley and sorghum respectively.

A surface irrigation system is recommended in this case for the following reasons: (i) Al-Zaatari camp
is a temporary “emergency” site to host Syrian refugees, and as soon as the Syrian crisis is over the
camp will be closed (ii) low infrastructure costs, which will encourage the private sector to invest (iii)
low operation and maintenance costs, especially electrical requirements, (iv) the gentle slope in the
land (around 1-2%) encourages the use of surface irrigation.

Based on literature review, the irrigation efficiency for such system is around 60%-65%. However,
adopting non-conventional irrigation methods with a higher efficiency can minimize irrigation
requirements. Irrigation systems with higher efficiency can save water to be used for future expansion
of the planted areas.

Considering the above mentioned assumptions, GIR values were estimated for one ha of alfalfa,

barley and sorghum on monthly basis (Table 5- 4) One ha of alfalfa requires 5,664 m?in July (the
peak month) with total annual GIR of 36,604 m?®. For one ha of barley, the GIR was estimated as 1,587
m?in March (peak month) with total annual |rr|gat|on requirements of 4,043 m?®. For one ha of
sorghum, the GIR was estimated as 4,600 m®in July (peak month) with total annual GIR of 15,053 m?
The areas that can be planted with each crop will be estimated according to the available areas and
effluent rate.

Table 5-4: Estimated monthly Gross Irrigation Requirements (GIR) in
m? for one ha of alfalfa, barley and sorghum for Al-Za’atari reuse site

Crop
Alfalfa Barley Sorghum
Month/Area (ha) 1 1 1
January 468 477 0
February 826 768 0
March 1,806 1,587 0
April 3,275 482 0
May 4,735 0 0
June 5,514 0 4,483
July 5,659 0 4,600
August 5,303 0 4,311
September 4,082 0 1,659
October 2,787 0 0
November 1,545 150 0
December 604 579 0
Total 36,605 4,043 15,055
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Water Reuse Opportunities

The ideal scenario for effluent reuse is to utilize all effluent quantities in the fodder farm around the
WWTP with zero or minimum Wadi discharge. However, it is very difficult to achieve this scenario in
reality. Optimization of the effluent storage facilities is the best strategy. Stored water can be used for
expanding the planted areas, and increasing the water reuse percentage. The following pages of this
report discuss different reuse opportunities adopting different cropping patterns to help in identifying
the pattern that can use the highest percentage of the available effluent.

Four water reuse scenarios, involving different cropping patterns, were assessed. The proposed
cropping patterns and water use percentages for the proposed scenarios are presented in Table 5-5.
The patterns were developed assuming the crops to be alfalfa, barley and sorghum and the available
area for reuse to be 35 ha.

Table 5-5: Cropping patterns and water use percentages for different reuse
scenarios for Al-Za'atari reuse site

Scenario Crop Area (ha)  Water use %

Sc. | Alfalfa 7.5 44%
Barley 15.0
Sorghum 7.5

Sc. ll.a Alfalfa 9.0 47%
Barley 15.0
Sorghum 6.0

Sc. ll.b Alfalfa 6.0 41%
Barley 15.0
Sorghum 9.0

Sc.lll.a Alfalfa 10.0 44%
Barley 20.0
Sorghum 0.0

Sc. lll.b Alfalfa 15.0 60%
Barley 15.0
Sorghum 0.0

Sc. IV Alfalfa 15.2 61%
Barley 14.8
Sorghum 0.0

The First Scenario (Sc.l) involves planting half of the available area with barley (15 ha), and planting
the other half with alfalfa and sorghum as 7.5 ha each. For this scenario, the total annual GIR was
estimated as 448,067 m® with an annual excess of 573,933 m>. Adopting this scenario can use up to
44% of the annual available effluent at the Al-Za’atari reuse site.

The Second Scenario (Sc.ll) involves the effect of decreasing the area planted to either sorghum or
alfalfa on the water use percentage. Two cropping patterns are discussed under this scenario:

Scenario Il.a proposed decreasing sorghum down to 6 ha and increasing alfalfa up to 9 ha, along with
15 ha barley. The total annual GIR for this cropping pattern was estimated as 480,392 m? with an
annual excess of 541,608 m*. The required irrigation amount for this cropping pattern accounts for up
to 47% of the available effluent.

Scenario Il.b, on the other hand, assessed the effect on the water use percentage of increasing the
planted area for sorghum and decreasing the planted area to alfalfa. The cropping pattern discussed
under this scenario is 9 ha sorghum, 6 ha alfalfa and 15 ha barley. The total annual GIR for this
cropping pattern was estimated as 415,741 m? with an annual excess of 606,259 m>. The required
irrigation amount for this cropping pattern is equivalent to 41% of the available effluent.

40



USAID Water Reuse and Environmental Conservation Project
Water Reuse Plan for the Al-Za’atari Refugees Camp

As one ha of alfalfa requires an annual GIR higher than sorghum, it was found that increasing the area
planted to alfalfa requires more water for irrigation. However, increasing the planted area with alfalfa
can increase the percentage of water reuse. Thus, the third scenario (Sc.lll) discusses a cropping
pattern of only two crops: a perennial crop (alfalfa) and a winter crop (barley).

The Third Scenario (Sc.lll) Two cropping patterns are discussed under this scenario. Scenario lll.a
assumes one third of the available area (10 ha) to be planted with alfalfa, along with 20 ha to be
planted with barley. The annual GIR for this cropping pattern was estimated as 446,885 m ® with an
annual excess of 575,114 m>. The water use percentage for this cropping pattern is 44% of the
available effluent. However, expanding the planted area of alfalfa up to one half of the available area
can increase the water use percentage. Thus, Scenario Ill.b involves a cropping pattern of 15 ha
alfalfa and 15 ha barley. The total annual GIR for this cropping pattern was estimated as 609,695 m?
with an annual excess of 412,305 m>. The water use percentage is 60% of the available effluent.

Scenario IV (Sc.IV) estimates the maximum area that can be planted to alfalfa using the available
effluent at the peak month (July). It was found that the available effluent can be sufficient to irrigate up
to 15.2 ha of alfalfa, and 14 8 ha barley. The annual GIR for alfalfa and barley was estimated as
557,655 m° and 59,684 m respectlvely The total annual GIR for this cropping pattern was estimated
as 617,340 m® with an excess of 404,660 m®. In other words, the water use percentage is equivalent
to 61% of the available effluent.

In comparison to Sc.lll, the cropping pattern proposed under Sc.lV can use an additional 8,176 m? per
year. Although this is not a significant difference, a cropping pattern that considers the maximum area
that can be planted of alfalfa uses the highest percentage of the available effluent.

The water balance for the different scenarios is presented in Figure 5-3.

Monthly GIR estimated for different cropping
pattern scenarios
100,000
80,000 — S = —
60,000
E
40,000
20,000 . =
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
= Available Effluent Sc.l Sc.ll.a Sc.ll.b Sc.lll.a Sc.lil.b Sc.lv

Figure 5-3: Water balance for various cropping pattern scenarios

Storage Facility

As discussed earlier, constructing a storage facility can mcrease irrigated areas that can be planted.
For the Al-Za’atari reuse site, a storage pond of 7,000 m?is proposed, on the basis of the water
balance for planning the cropping pattern that would maximize the water use percentage. Also
considered for the balance calculations were water loss due to evaporation from the storage pond
surface, and a safety factor of 15%. The safety factor can guarantee that 15% of the stored water
volume (1050 m )WI|| be there to be used for emergency. The water loss from the storage pond
surface was estimated using the so called Class-A Pan Evaporation (E,an) calculation. Pan
evaporation reflects the integrated effect of solar radiation, wind and relative humidity on evaporation
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from an open water surface. Assuming an average storage pond depth of 2.5 m, the surface area
would be 2,800 m?.The values for Epan Used for the calculations were collected from Mafraq weather
station and are presented in Table 5-6.

Table 5-6: Pan evaporation in mm for Mafraq weather station

Jan Feb March April May June  July Aug. Sept Oct. Nov. Dec.
63.7 82.0 1341 2139 299.8 3416 3759 3294 2644 1905 1148 56.9

* Jordan climatological data handbook, Metrological department of Jordan, 2002

Based on the above, it can be concluded that the available effluent along with the stored water volume
can therefore be sufficient to irrigate the 30 ha when the area is divided between 15.64 ha alfalfa and
14.36 ha barley. The total annual GIR for this cropping pattern was estimated as 630,418 m ® with an
annual excess of 391,582 m®. The annual irrigation requirements are equivalent to 62% of the
available effluent around the year. Water balance, monthly GIR, and the stored water volume for this
cropping pattern are presented in Table 5-7.

The stored water volume presented in table 5-7 considers the 15% safety factor, as the presented
values are for the 85% of the storage volume only. The adjusted balance is for the total balance
considering the evaporation loss from the storage pond surface. The excess\shortage represents the
final water budget considering the available effluent, GIR, stored water, and evaporation loss from the
storage pond surface.

Table 5- 7 Water balance and GIR in m® for 15.64 ha alfalfa and 14.36 ha barley considering a storage pond of
7,000 m®

Month Available oo Balance  Stored :E"apf"'atm" Adjusted  £XCeSS\
Effluent volume 'O0Ssirom balance  shortage
storage
Jan 86,800 14,159 72,641 5,950 33 72,608 72,608
Feb 78,400 23,944 54,456 5,950 52 54,404 54,404
Mar 86,800 51,031 35,769 5,950 87 35,682 35,682
Apr 84,000 58,133 25,867 5,950 187 25,680 25,680
May 86,800 74,039 12,761 5,950 274 12,487 12,487
Jun 84,000 86,217 -2,217 3,428 305 -2522 0
July 86,800 88,485 -1,685 1,360 384 -2069 0
Aug 86,800 82,922 3,878 4,942 296 3582 0
Sep 84,000 63,832 20,168 5,950 258 19,910 18,901
Oct 86,800 43,586 43,214 5,950 182 43,032 37,082
Nov 84,000 26,311 57,689 5,950 95 57,594 57,594
Dec 86,800 17,759 69,041 5,950 10 69,030 69,030
Sum 1,022,000 630,418 391,582 2,164 389,418 383,468

Winter Season Application in Agricultural Production

One of the proposed reuse opportunities that can be implemented in Al-Za’atari is winter forage
production. The irrigation requirements for crops are lower in winter season than in summer. This will
increase the water surplus that will be discharged to the Wadi in winter. To increase the percentage of
reused water, excess water can be used to irrigate winter crops. Barley was proposed to be planted in
winter for its high energy nutrition values, as well as its high market demand.

The maximum area that can be planted with barley considering the excess water of 383, 468m° and
the stored water volume was estlmated as of 26.25 ha. The total annual GIR for 26.24 ha of barley
was estimated as 106,105 m® which is equivalent to 28% of the excess water, and 10% of the total
available effluent over the year. Figure 5-7 shows the winter reuse area and location.
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Reuse Site
Buffer Area

e ]

Figure 5-7: Proposed winter season reuse site

The monthly GIR values and water balance for barley are presented in Table 5-8. The balance study
assumes the excess effluent as the available water for expanding the planted area in winter.

Table 5-8: Water balance and monthly GIR in m® for an additional area of 26.24 ha barley to be planted in

winter.
Previously Storage
Month GIR Balance stored water Excess/Discharge
volume budget
January 12,509 +60,103 5,950 5,950 +60,103
February 20,159 +34,252 5,950 5,950 +34,252
March 41,647 -5,950 5,950 0 0
April 12,662 +13,022 5,950 5,950 +13,022
May 0 +12,487 5,950 5,950 +12,487
June 0 0 3,428 3,428 0
July 0 0 1,360 1,360 0
August 0 0 4,942 4,942 0
September 0 +18,901 5,950 5,950 +18,901
October 0 +37,082 5,950 5,950 +37,082
November 3,926 +53,670 5,950 5,950 +53,670
December 15,202 +53,834 5,950 5,950 +53,834
Sum 106,105 +277,400 +283,350

This balance represents the final water budget of a cropping pattern of 15.64 ha alfalfa, and 40.61 ha
barley with a total area of 56.25 ha. The excess of 283,350 mis equivalent to 22% of the available

effluent over the year at Al-Za’atari reuse site. In other words, expanding the planted area with winter
crops can maximize water use percentage up to 72% of the produced effluent (1,022,000 m3) over the

year.

Reuse in Industries

King Hussein Bin Talal Development Area (KHBTDA) is about 10 km north-west of the Za’atari camp,
which makes it a good candidate site for wastewater reuse in industry. The location is shown in Figure
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5-5. KHBTDA includes light and medium industries such as food and beverage, pharmaceutical and
medical supplies, light chemicals, and logistics enterprises. Based on meetings with KHBTDA
management, industries within the development area consume approximately 50-100 m?® of
groundwater daily. The cost of water supply for industry is 1.25 JD per cubic meter. The fresh water is
also used to irrigate some landscape activities around the factories and within KHBTDA.

Al-Zaatari Camp

Figure 5-5: Location of King Hussein Bin Talal Development Area

Reclaimed water produced from Al-Za'atari WWTP can be used for industrial purposes within
KHBTDA. It can be transferred through tankers to the development area, and it can be used as
cooling water, processing water, in heavy constructions, and to irrigate the green areas.

A more detailed feasibility study and further discussions with KHBTDA management should be
conducted prior to the implementation of this option, in order to ensure its feasibility.

5.3.3 Outlet 3: Discharge to nearby Wadi

Excess reclaimed water remaining from the above mentioned reuse outlets can be discharged to the
nearby wadi. The effluent quantity that will be discharged to the wadi is estimated to 283,350 m®
equivalent to 22% of the available effluent over the year at Al-Za’atari reuse site. The discharge will
mainly occur in the winter season; from September until February

As shown in figure 5.6, a drinking water well is located 200 m to the west of the reuse area and the
near-by wadi. Therefore, the project team decided to locate the effluent over flow discharge point to
the wadi at the most distant and lowest elevation point in the wadi stream, thus ensuring no pollution
risks to the water well.
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W Discharge pipe
Discharge point

Figure 5-6: Over flow discharge point to the Wadi

The project team identified several fruit tree farms (mainly olive trees) located on the sides of the wadi
(see Figure 5-7). These farms can utilize the excess discharged water in the wadi, which minimizes
the ponding effects and the accumulation of the effluent at the end of the wadi.

Discharge Point

Figure 5-7: Location of fruit trees farms along the Wadi
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5.3.4 Summary of Water Reuse Outlets and Budget

As described above, the main purpose for developing this reuse plan is to optimize the beneficial
reuse share, thus minimizing the environmental pollution risks inside and around the camp. Based on
the water reuse outlets identified by the project team, it is estimated that around 80% of the produced
effluent from the WWTPs can potentially be reused. This includes the reuse activities inside and
outside the camp.

Water Reuse Budget

Industry
2%

Figure 5-8 Water Reuse Budget

As shown in Figure 5-8, inside the camp: around 20% of the produced effluent can be used in
irrigating the landscape activities inside the camp to improve the overall living conditions. Moreover,
reusing the treated wastewater in other non-potable applications inside the camp has high potential to
replace the fresh water use. Reclaimed water can be used in light construction, washing vehicles, fire
protection, and dust control.

Outside the camp: forage agriculture is the main water reuse application, consuming approximately
58% of the total produced effluent. Around 50% of the effluent can be used in producing fodder crops
all year around. In winter season, it is estimated that around 8% of the effluent can be used to plant
winter fodder crops such as barley. On the other hand, the reuse of treated wastewater in forage
agriculture is the most income generating option for the operating bodies. This will support the
sustainability of producing high quality effluent.

In addition to the reuse of treated wastewater in forage agriculture, it is estimated that reuse in
industry can utilize around 2% of the produced effluent. This share can be increased if KHBTDA
management decided to use the effluent generated from Al-Zaatari WWTP’s in irrigating the
landscape activities inside KHBTDA.

The remaining treated wastewater effluent of around 20% can be discharged to the nearby wadi after
taking into consideration the environmental recommendations made in this report to avoid polluting the
nearby drinking water well. However, the discharged effluent will fluctuate because the demands are
mostly for irrigation.The discharge will mainly occur in the winter season; from September until
February. The project team also located several fruit trees farms situated along the wadi which can
utilize the discharged water to irrigate their fruit trees during the winter season.
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6 Preliminary Stakeholder Assessment

The Za’atari Camp was first opened on July 28, 2012 and has grown exponentially ever since. The
camp is under the joint administration of the Jordanian Government and UNHCR. For the purposes of
this report, Al-Za’atari water reuse stakeholders can be grouped based on their mandate and interest
into the following categories:

e  WWTP Operator

e Water reuse regulator and supervisory bodies
e Endusers

e Beneficiaries

e  WWTP Operator

Effluent production falls under WAJ’s Mandate. The operation of a number of WWTPs has been
delegated to private water companies through PPPs. Nonetheless, the ultimate decision maker with
regards to management of treated wastewater effluent produced from WWTPs remains the mandate
of WAJ. Furthermore, WAJ also controls the quality of treated wastewater effluent produced by every
WWTP, and thus influences the end use.

Based on the above, it can be concluded the WAJ is the responsible body for operating and managing
the Za’atari WWTP directly and/or indirectly: directly if WAJ manages the WWTP its self, and indirectly
if WAJ outsources the management activities of the WWTP to the private sector.

e Water Reuse Regulator and Supervisory bodies

As explained in the legal review sub-section, the stated legal mandate for regulating the reuse of
treated wastewater is given to WAJ as an operating and supervising body. However, in the case of
reusing treated wastewater in land application (agriculture and landscape) the Agriculture Law No. 44
for 2002 explicitly states MoA as the official entity in charge of regulating the agricultural sector in
Jordan.

The primary entity in charge of environmental inspection and compliance is the MoEnv. However,
given the scarcity and high importance of the water sector in Jordan, the MWI, WAJ and JVA (within
the Jordan Valley) have been assigned the specific responsibility of protecting water resources.
Protecting public health and safety is primarily the responsibility of MoH.

e End Users

Specifically for Za’'atari water reuse, end users are divided into two main categories; inside the camp
and outside the camp. Based on the project team meetings with UNICEF and WAJ, UNICEF
expressed interest in financing the water reuse infrastructure as well as implementing the landscape
activities inside the camp.

Outside the camp, several end users interested in utilizing the treated wastewater were identified by

the project team and are summarized below:

e Private investors including CBO’s from Al-Za’atari area who are interested in establishing fodder
farms irrigated using the treated wastewater.

e Based on meetings with MoEnv., the ministry expressed its interest to start a water reuse project
for hosting communities through the Badiah Restoration Program utilizing the reclaimed water in
fodder production. The reclaimed water could be used in barley production during the wet season
in the land adjacent to the Za’atari WWTP.

e Farmers around the camp, in the event that they are willing to change their cropping pattern and
grow fodder or industrial crops instead of their current winter vegetables.

e Farmers along the wadi stream. Several fruit trees farms are located on the sides of the wadi,
downstream of the camp. One farmer has already expressed his interest in utilizing the treated
effluent to irrigate the farm.

e Beneficiaries

The treated wastewater reuse will benefit the God, operating bodies of the camp and WWTP, as well
as the communities inside and outside the camp. The GoJ will benefit through reducing the pollution
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risks to the groundwater that lies beneath the Al-Za’atari camp. On the other hand, the reuse of
reclaimed water within the camp will help in conserving the fresh groundwater that is currently used for
non-potable uses inside the camp.

Al-Za’atari hosting communities will also benefit from the reuse activities. The reuse project will help
local communities outside of the camp through generating new job opportunities, increasing their
income, and reducing the pressure on groundwater consumption. Za’atari hosting communities will
also be able to purchase forage for their livestock at lower prices.

On the other hand, Za’atari hosting communities might be able to produce their own forage crops in
the event of the proposed reuse project that the MoEnv might implement in cooperation with the
Badiah Restoration Program.

Also, Za’atari Syrian refugees will benefit from the landscaping activities inside the camp, since the
environmental and health conditions will be improved. Landscape activities will provide new
community-based activities, filling the refugees’ leisure time in a productive way. Refugees will be able
to start small nurseries using reclaimed water for irrigation. In addition, the refugees will benefit from
the new spaces provided for social activities.
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7 Reuse Infrastructure Design

Wastewater reuse infrastructure is similar to sewer and drinking water systems; it needs distribution
systems, storage, and pump stations. Distribution systems are sized to provide peak hourly flows at
adequate pressures, depending on the type of reuse application. Distribution system piping, valves,
and hydrants should be color coded according to the international color code (purple) to ensure that
they are not confused with potable water systems.

The storage and pumping units are typically located at or adjacent to the WWTP. Sufficient storage
capacity should be required to accommodate the variations in production and usage rates depending
on the developed reuse plan.

For the Za’atari reuse infrastructure, the design and associated approach took into consideration that
the infrastructure is intended to be temporary, as is the WWTP. The infrastructure can be
subsequently relocated to another area where it is needed with minimum investment, time and efforts.
Other important design factors that were taken into consideration were protection of public health,
reliability, operability, and proper use of reclaimed water.

Al-Za’atari water reuse infrastructure design drawings, bill of quantities, technical specifications, and
contract conditions are found in the attached tender documents volume 1, 2, 3, and 4.
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8 Workshop

As discussed in section 1 of this report, a workshop will be conducted as part of the development
process for this water reuse plan. The workshop presents a good opportunity to obtain stakeholders
input within a transparent environment before finalizing the design of the water reuse plan.

The main goal of this participatory based workshop is to create an environment for all related
stakeholders to align their efforts and resources to support the government of Jordan represented by
the Ministry of Water and Irrigation in its water reuse efforts at Al-Zaatari camp.

Moreover, this workshop will provide a concrete basis to develop an integrated solution for the water
reuse at Al-Zaatari camp, as well as other refugee camps in ways which protect Jordan’s water
sources and environment while adding value to the hosting communities.

The following agenda is planned for the workshop:
e Opening remarks
Workshop approach, goals, and expected outcomes
Current water and sanitation scheme at Al-Zaatari camp
Proposed wastewater treatment system at Al-Zaatari camp
Proposed water reuse plan for Al-Zaatari camp
Water reuse implementation strategy and financing possibilities
Al-Zaatari camp water reuse opportunity within Badia Restoration Program (BRP) context
Stakeholders input and remarks (open discussion)
Wrap-up discussion and next steps

The expected outcomes of the workshop are to define the roles and responsibilities of the
stakeholders (“Who will do what?") in terms to financing, implementing, supervising, and providing
technical support to the water reuse plan.

Participants in this workshop will include the public sector mainly represented by MWI, MoEnv, JCC,
NGO'’s, camp management agencies and organizations, and local community’s representatives,
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1.1

1.2

GENERAL

Civil Works might carry out in accordance with valid Jordanian Specifications. For
any contradiction raised regarding general specifications the special
specifications shall prevail.

Any Works whether or not shown on the Drawings and/or described in the
Specifications but which can reasonably be inferred as necessary for the
completion and proper operation of the works will also form part of the extent of
the Contract.

Materials and works not covered by these specifications will be specified either in
the Particular Requirements, Drawings or in the Bill of Quantities (BoQ).

The General and Special Specifications shall be read together in conjunction with
the Bills of Quantities, Drawings and other Tender Documents, which shall be
considered as mutually explanatory.

Prior to the commencement of the work for all items the contractor shall submit
method statement to the engineer for approval. This should include but not limited
to: Details of the arrangements and methods which the contractor proposes to
adopt for the execution of the works. No significant alteration to these
arrangements and methods shall be made without this having previously been
notified to the engineer.

The Engineer and/or the Client have the right to reject any submittal or proposed
samples and request the Contractor for more samples.

SCOPE OF WORK OF THIS CONTRACT

The scope of work comprises of:

1.3

Construction of lined earth reuse pond with storage capacity of 5,000 m3 including
ancillary work.

Construction of irrigation pumping station

All necessary civil, mechanical and electrical works.

STANDARD SPECIFICATIONS

The Standard Specifications forming an integral part of the tender documents shall be
the -General Technical Specifications for Buildings, the First Volume of Civil
Works and Architectural” issued by the Ministry of Public Works and Housing, Edition
2, 1996 and the -Standard Specifications for Highway and Bridge Construction”



issued by the Ministry of Public Works and Housing, Highway Department and shall
hereinafter be referred to as the Standard Specifications, 1991.

The Standard Specifications shall be read together in conjunction with the Bills of
Quantities, Drawings and other Tender Documents, which shall be considered as
mutually explanatory.

1.4 CONTROL OF WORK

1.

Private or public lands outside of limits of Working Site shall not be entered or
occupied by the Contractor, except by permission of the landowners.

Confine the operations, plant, equipment and stores necessary for Execution of the
Works to the Working Site indicated on the drawings and any additional working
areas secured solely by the Contractor. Provide reasonable facilities for access to
the Site and any additional Working Site for any person or vehicle authorized by the
Engineer.

Acquire all additional working areas in the vicinity of the Works or Elsewhere for the
Contractor's site compound, offices, for offices for the Engineer's Representative,
and for any additional lands required for construction purposes and access, apart
from access along public streets.

Restrict access to the Working Site to public rights of way. Access to the Site shall
be obtained only by such routes as are acceptable to the Engineer. Ensure that
persons employed by Contractor or any subcontractor on the Site do not trespass
beyond the Site and the routes so utilized.

Take sufficient precautions to minimize the run-off of polluting substances such as
fuels, oils, or other polluting materials harmful to humans, fish, or other life, into the
supplies and surface waters and any agricultural land.

Before commencing setting out, check all survey stations and bench marks to be
used to determine that each survey station and bench mark is in its original position
and condition.

Check the accuracy of bench marks in the vicinity of the Site to ensure that they
conform with at least two other listed bench marks. The leveling loop closing error
shall be within 3mm/km before adjustment.

Inform the Engineer in writing of the result of these survey checks and whether
such bench marks and survey stations are in agreement or not. Should the bench
marks or survey station coordinates not be in agreement, the Engineer may direct
the Contractor to undertake further survey checks and, thereafter which bench
mark values and survey station coordinates to adopt. Reset or replace any stations



10.

11.

12.

13.

14.

15.

16.

17.

or bench marks found missing and survey the coordinates and elevations to the
standards stated above and adjusted.

Provide all survey and measuring instruments and equipment of every kind
necessary for the execution of the Works including the requirements specified in
the special conditions of contract.

Furnish and properly install Safety barriers, caution tapes, construction signs and
ot