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Jordan Water Company (Miyahuna) is 
responsible for supplying potable water 
to 3 of the 12 Governorates in Jordan, 
including Madaba Governorate, home 
to more than 200 000 people. The only 
source of water for Madaba Governorate 
is a series of wells at Wadi Hidan. Water 
resources and water supply is becoming 
increasingly stressed and interruptions 
are growing due to a range of challenges 
including deteriorating water quality in the 
catchment as a result of point and non-
point source pollution, extreme events 
such as floods that compromise water 
quality and supply, ageing infrastructure 
(supply and distribution) resulting 
in high Non Revenue Water (NRW) 
levels, increasing demand for water 
as the population naturally increases 
and increases their required levels of 
service as new development materialize. 
Additionally, the climate is changing, 
and there are signals that this will bring 
additional stresses on the hydrological 
cycle’s ability to provide the water needed 
in the catchment, to the water quality, and 
to demand patterns. Except for periods of 
interruption due to catastrophic flooding 
and normal infrastructure breakages, 
Miyahuna has generally managed to 
maintain supply within agreed parameters 

and requirements at Madaba. However, 
this is becoming increasingly challenging 
and efforts to recover from these 
situations have been mostly reactive to the 
various stresses. 

Historically, Miyahuna has successfully 
applied the World Health Organization’s 
(WHO) Water Safety Plan guidelines 
(WHO, 2009) in some of its other systems. 
Based on these successes, and with 
support from UNICEF, Miyahuna decided 
to apply the WHO guidelines, enhanced 
with the Climate Resilient Water Safety 
Plan (CR-WSP) (WHO, 2017) on the 
Madaba Water Supply System (WSS). 
The aim is to develop a CR-WSP for 
Madaba that provides a framework for 
proactive and adaptive planning to ensure 
sustainable water supply into the future.

 The CR-WSP framework consists of: 
1. Assemble the team
2. Describe the system
3. Identify hazards and assess risks
4. Determine and validate control 

measures, re-assess and prioritize risks 
5. Develop, implement and maintain an 

improvement/upgrade plan
6. Define monitoring of the control 

measures

Chapter 1 : 
Introduction
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7. Verify the effectiveness of WSP
8. Prepare management procedures 
9. Develop supporting programmes
10. Plan and carry out periodic reviews
11. Revise the WSP following an incident 

The framework has been enhanced and 
tailored wherever possible to the specific 
needs of Miyahuna and the Madaba 
WSS. Enhancements are largely based 
on insights gained in an assessment of 
Miyahuna’s historical WSPs which was 
completed prior to the Madaba CR-WSP 
(UNICEF, 2019a), and in consultation with 
the WHO. 

The CR-WSP and the various tools 
that support it have been developed 
in a manner that encourages it’s use 
as a “living” plan that is used by the 
Miyahuna WSP Section to support its 
endeavors over the immediate planning 
horizon. Furthermore, the plan and 
tools are detailed for Madaba but are 
generic enough to be used as a “point 
of departure” template for other future 
WSPs. 

The CR-WSP shows that the water 
supplied by the Madaba WSS since its 
inception has steadily increased to 13.5 
Mm³ in 2019, mostly for drinking water 
purposes (12.05 Mm³) and agriculture.
Results show that this exceeds the ability 
of the aquifer to sustainably supply water 
into the future, since abstractions of more 
than 10.2 Mm³ result in steady drawdown 

of the aquifer. This is exacerbated 
by increasing demand for water and 
persistently high Non-Revenue Water 
levels and need for ongoing maintenance 
of key infrastructure. Various elements 
of the WSS are not aiding for example 
the aquifer recharge functionality is being 
compromised, intermittent flooding 
causing infrastructure damage, unplanned 
increases in demand from competition 
for example irrigators. The main results 
of the CR-WSP is the identification of 
the hazards and risks facing Madaba, and 
the development a 5-year improvement 
plan with specific interventions to ensure 
sustained future water supply. 

Over and above the Madaba CR-WSP, 
the project also developed the terms of 
reference, scope of work and 5-year plan 
for the Miyahuna WSP Section. Aspects of 
these efforts are included in the Madaba 
CR-WSP. 

Although not reported on in detail in this 
Madaba report per se, the improvement 
and supporting programmes components 
of the CR-WSP have been used to develop 
a preliminary proposal for investment 
funding. 
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Chapter 2: 
WSP team (MODULE 1) 

Module 1 of the World Health Organization (WHO) Water Safety 
Plan (WSP) outlines the process and purposes of forming a water 
safety planning Team or Section1. The Section must ensure that 
all relevant actors, functions and capacities (time and technical 
competencies) are present in the specific WSP Team and that 
arrangements are planned/chosen for a specific WSP, including 
external support (including budgets for specialists, etc.) if required.  
Key to this component of a WSP is to: 

• Establish a multidisciplinary Team (Section) with the technical expertise 
needed to develop, implement and maintain an effective WSP

• Appoint a strong team leader and clearly define the roles and 
responsibilities for each Team member

• Engage senior management to secure their support for development of 
the WSP and, where necessary, identify which external stakeholders and 
expertise are required

Miyahuna’s WSP Section was officially formed in 2017.  The Section is 
responsible for the timely development, implementation and maintenance 
of WSPs (CR-WSPs)2 for all water supply systems within the realm of 
Miyahuna.  The Section is a permanent body, responsible for all aspects 
linked to WSP and CR-WSP within Miyahuna, for all systems operated by 
Miyahuna in Jordan. Miyahuna WSP Section is embedded in the Miyahuna 
Quality, Laboratories and Water Safety Directorate (Figure 1) and physically 
located in the Zai Office of Miyahuna.  The Vision of the Section is to deliver a 
high-quality water supply service to customers, supported by a coherent and 
plausible CR-WSP. 

1 For the purposes of this study, WSP “Section” and “Team” are used in reference to the internal Section within Miyahuna Water Company, and the extended 

Team that includes colleagues from the Water Authority of Jordan, respectively. 
2 The terms WSP and CR-WSP are used interchangeable in this report. They were originally referred to as WSPs, and later as CR-WSPs, however it is fair to 

assume that since the addition of the climate resilience component, all WSPs should include climate resilience. 

©UNICEF/SebastianRich/2018
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Quality, Laboratories and Water 
Safety Department 

Miyahyuna

CEO 

Quality 
Section 

Wastewater chemical 
lab sub-section*

Drinking water chem-
ical lab sub-section* 

Quality of drinking 
water sub-section 

Quality of industrial 
wastewater sub-section 

Labs                        
section

Water               
Safety Section 

Quality             
Assurance Unit

Wastewater              
lab

Microbiological lab 
sub-section

Drinking 
water lab

Figure 1 Organogram of the WSP Section within Miyahuna. 
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2.1 WSP Section 

The WSP Section is responsible for the 
timely development, implementation and 
maintenance of WSPs, or rather now 
CRWSP for all water supply systems 
within the realm of Miyahuna. The Vision 
of the Section is to deliver a high-quality 
water supply service to customers, 
supported by a coherent and plausible 
CRWSP.

Miyahuna’s WSP Section currently 
consists of 2 permanent positions (1 active 
and 1 vacant). The Section is supported by 
other internal staff members as detailed in 
Table 1.  

2.2 Team composition and 
responsibilities (for Madaba WSP)

For each WSP/CR-WSP, Miyahuna WSP 
Section should configure a WSP Team 
specific for that WSP/CR-WSP. This Team 
is temporary for the time of the work on 
the WSP/CR-WSP of a specific system and 
consists of members of different Sections 
of Miyahuna – such as operational

personnel of the specific system, finance 
persons, GIS Section, water quality 
specialists and water planning persons. In 
addition to that, the WSP Team is usually  
complemented by persons from other 
supporting government organizations, 
local political authorities, agricultural sector 
of the relevant geographical area, and 
other relevant actors, such as deemed 
appropriate and required for each specific 
system/location and in order to ensure 
proper establishment of the WSP/CR-WSP 
for the system/location/catchment area.

The CR-WSP Team for the Madaba CR-
WSP was constituted in January 2019. The 
Miyahuna WSP Section was enhanced 
with colleagues from other supporting 
government organizations (Table 2). 
This was done to specifically enhance 
aspects of the Madaba CR-WSP that are 
officially part of the WSP process, but 
the management and authority of which 
lie outside of Miyahuna. An obvious 
example where this is required is from the 
catchment and water source perspective 
which is the realm of the Water Authority 
of Jordan (WAJ). 

Name Organization Title WSP Function Contact details

Eng. Majeda Al-
Zoubi

Miyahuna Manager: Quality, Labora-
tories and Water Safety

Oversight of WSP function malzoubi@miyahuna.com.jo
+962 79 903 4293

Nazik Al-Abdallat* Miyahuna Head: Water Safety 
Section

Overall responsibility of 
WSP function and co-
ordination

nalabdallat@miyahuna.com.jo
+962 79 114 5142

Vacant* Miyahuna N/A WSP vacant position N/A

Eng. Amer Haroun Miyahuna Head: Laboratories 
Section

Support role aharoun@miyahuna.com.jo
+962 79 903 4304

Munther Al-Qudah Miyahuna Head: Quality Section Support role malqudah@miyahuna.com.jo
+962 79 903 5679

Table 1 Composition of Miyahuna’s WSP Section.

* Permanent WSP Section members   
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Name Organization Title WSP Function Contact details

Eng. Majeda 
Al-Zoubi

Miyahuna Manager: Quality, Labora-
tories and Water Safety

• Oversight of WSP 
function 

• Engineer for Quality 
Monitoring (Microbiology 
and Chemistry), Quality 
Control, Water Safety 

malzoubi@miyahuna.com.jo
Mobile: +962 79 903 4293

Nazik Al-Abdallat Miyahuna Head: Water Safety 
Section

• Overall responsibility of 
WSP function and co-
ordination

• Quality assurance, Water 
Safety, Microbiology

nalabdallat@miyahuna.com.jo
Mobile: +962 79 114 5142

Eng. Amer Haroun Miyahuna Head: Laboratories 
Section

• Engineer for Quality 
Monitoring (Microbiology 
and Chemistry), Quality 
Control, Water Safety 

aharoun@miyahuna.com.jo
Mobile: +962 79 903 4304

Munther Al-Qudah Miyahuna Head: Quality Section • Water Quality, 
Microbiology

malqudah@miyahuna.com.jo
Mobile: +962 79 903 5679

Ahmad Al-Hiyare Miyahuna - 
Madaba

Director: Madaba Water 
and Wastewater Direc-
torate

• Oversight aalhiyari@miyahuna.com.jo
Mobile: +962 79 903 4300

Eng. Mousa 
Shanan

Miyahuna - 
Madaba

Operation Manager • Water Plant Operation 
Engineer, NRW

mshannan@miyahuna.com.jo
Mobile: +962 79 022 4305

Hani Hammad Miyahuna Head: Quality of Drink-
ing Water sub-section

• Support hhamad@miyahuna.com.jo
Mobile: +962 79 903 4314

Firas Abu-Hanieah Miyahuna - 
Madaba

Sampling • Water Quality Mobile: +962 79 022 4323

Refaat Bani Khalaf Water 
Authority of 
Jordan

Director: WR Planning & 
assessment (evaluation) 
Directorate

• Water Resources

• Geology, Aquifer 
recharge 

refaat_banikhalaf@mwi.gov.jo
Mobile: +962 79 739 6665 

Lama Saleh Water 
Authority of 
Jordan

Head: Water Safety 
Planning

• Water Safety

• Chemical Analysis
Lama_Saleh@mwi.gov.jo
Mobile: +962 79 851 4496

Feda Almassadeh Water 
Authority of 
Jordan

• Support Feda_Almassadeh@mwi.gov.jo

Samah Alsalhi Water 
Authority of 
Jordan

• Support Samah_Alsalhi@mwi.gov.jo

Table 2 Composition of the Team for the Madaba CR-WSP.
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Eng. Eyad Al-Fa-
wa’eer

Jordan 
Valley 
Authority

Wala Dam Raising           
Project Manager

• Professional support Encivil_Engineer@yahoo.com
Mobile: +962 77 722 2652

Ahmad Afaneh UNICEF Focal Point • UNICEF Focal Point aafaneh@unicef.org

Hala Abdelhadi UNICEF Assistant • Support CRWSP 
Madaba

habdelhadi@unicef.org

Mark Summerton UNICEF Consultant • Deliver CRWSP for 
Madaba

summerton@gmail.com
Mobile: +27 83 309 1073

Hiba Abu Al Rob* UNICEF Focal Point • UNICEF focal Point N/A

Patrick Galli# UNICEF WASH Specialist • Technical support N/A

# To 09/2019

* To 10/2019

Other areas of expertise that may be required for future CR-WSPs are listed in Table 3. 

2.3 Coordination mechanisms and linkages

The Madaba CR-WSP in relation to other institutions is shown in Figure 2. 

Competence Available at 
Miyahuna

External support Training required 

Climatology (high level / national) N • Yes, MWI Climate Change 
Directorate 

• JUST Uni

• High level committee crisis 
management center  

IUCN

Hazard, risk assessment, impacts and 
adaptation planning

Y WAJ Labs Awareness, on the job  

Hydrology / water resources assessment N WAJ Labs Y, not experts but able to manage 
contract, questions, expert follow 
ups 

(SWAT+WEAP, link with GIS) Y Ministry of Health (MOH) in 
the future

N

WQ specialist on health impacts Y National emergency commit-
tee 

To be discussed

Emergency planning Y National level planning          
framework, MWI

Y, WEAP 

Table 3 Areas of expertise associated with CR-WSP. 
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• National water strategies, policies, planning

• Donor assisted water master planning 

• Water and sanitation services

• Water resources planning and monitoring 
( with MWI )

• Water abstraction regulation 

• Planning, construction, operation, and 
maintenance od the public water supply 
and sewer services

• Projects with private sector participation 

• Major investment projects

Ministry of Water and Irrigation (MWI)

Water Authority of Jordan (WAJ)

Performance Monitoring Unit (PMU)

Aqaba Water 
Company (AWC) 
2004

Yarmouk Water 
Company (YWC) 
2010

Figure 2 Co-ordination mechanisms for WSP Section. 

Jordan Water 
Company – 
Miyahuna Water 
Company (2006)

• Quality, Laboratories, and 
water safety department 

• Madaba Water and 
Wastewater Directorate

• Amman

• Madaba (2013)

• Zarqa (2014)

• Madaba CRWSP 2020
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Phase Activity May-
19

Jun-
19

Jul-
19

Aug-
19

Sep-
19

Oct-
19

Nov-
19

Dec-
19

Jun-
19

Feb-
20

Mar-
20

Apr-
20

Preparatory Inception report + work plans X

Assessment of 3 WSPs X X

Revised ToR, SOPs and Plan X X

CRWSP Assemble CRWSP team 
(module 1)

X

Describe water system 
(module 2)

X X X

Hazard, risk and vulnerability 
assessment (module 3)

X X X X

Determine and validate 
control measures, re-assess 
and prioritize risks (module 4)

X X X X

Develop, implement and 
maintain an improvement/
upgrade plan (module 5)

X X X X

Define monitoring of the 
control measures (Module 6)

X X X

Verify the effectiveness of 
WSP (module 7)

X X

Prepare management 
procedures (module 8) 

X X

Develop supporting 
programmes (module 9)

X X

Plan and carry out periodic 
reviews (module 10)

X X

Revise the WSP following an 
incident (module 11) 

X X

Reporting Draft Report --> CRWSP + 
supporting docs

X X

Final Report --> Final report, 
annexures, lessons learned

X X X

2.4  Timelines and planning for the Madaba CR-WSP

The Madaba CR-WSP was initiated in early 2019, with the project officially starting in May 2019. Table 4 contains the 
original timelines for the project. The report was first published in May 2020 for comment, and a subsequent review 
published in March 2021.     

Table 4 Timelines for Madaba CR-WSP. 
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Chapter 3: System 
Description (MODULE 2) 

It needs to provide enough detail to 
understand the system adequately, to 
support accurate planning, as well as 
facilitate hazard identification so that the 
development of and timely implementation 
of control measures, maintenance and 
infrastructure improvements is possible. 

Aspects of the system description 
include, but not limited to:
• Consumer/user consumption 

requirements and demand evolution 

• Ability of the source catchment to 
produce water in a manner that 
can sustain water requirements, 
including aspects of a changing climate 
and Integrated Water Resources 
Management (IWRM)

• Water treatment and monitoring to 
ensure that defined health criteria are 
met

• Water production and distribution 
infrastructure, including the 
maintenance thereof

The description of the Madaba WSS 
is separated into two main sections. 
The first section focuses on the source 
water availability and production, and the 
second section on the WSS and water use 
components. 

The water availability and production 
section includes all elements up to the 
abstraction of water from the wells as 
follows:
• Rainfall characteristics 

• Description of the water source 
catchment

• Sedimentation

• Hydrology

• Surface water protection 

• Climate change impacts 

• The Wala Dam

• Artificial and natural recharge and its 
impact on groundwater levels 

A key step in the process of Water Safety Planning is the development of a thorough and accurate system 
description of the complete water supply chain from catchment to consumer. The system description 
includes a narrative, schematics, diagrams, volumes of all aspects of the system, for the current and for the 
planning horizon in the future. 
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• Groundwater flow and the water 
balance 

The water supply and use section 
includes all aspects relating to 
abstraction from the wells, and supply 
via infrastructure as follows:
• Well abstraction

• The water supply network

• Water supply security

• Historical and future water requirements

• Water quality and treatment 

• Non-revenue water 

3.1  Source water availability and 
production 

Jordan experiences extreme water 
scarcity with temperatures of more than 
40°C in August, and below 5°C in January. 

The available water resources are only 
about 135 m³ per person per year 
(Steenburgen and Tuinhof, 2009). 

 

Figure 3

a) Geographical setting of Jordan and location of the Dead Sea groundwater basin, 
the Mujib drainage basin and the surface catchment of Wala Dam.

b) The Wala Dam catchment with groundwater flow direction and the location of 
the Dam and Hidan wellfield.

c) The geology of the Wadi Wala area, recharge, abstraction and observation wells 
(after Al Hunjul, 1993). 

d) Schematic geological profile along Wadi Wala with the location of the recharge 
wells and abstraction wells (after Humphreys 1991) (From Xanke, 2017).
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Mean Annual Precipitation (MAP) is less 
than 200mm over 91% of Jordan’s area 
(Abdulla and Al-Assa’d, 2006) and is highly 
variable with most rain falling in the winter 
months of November to March. 

Rainfall in winter often results in excessive 
flooding, high levels of turbidity and 
sedimentation of dams.  Furthermore, the 
demand for water has steadily increased 
because of high population growth and 
an influx of refugees from neighboring 
countries. 

The focus of this CR-WSP is the town 
of Madaba and its WSS, supplied from 
a series of wells at Wadi Hidan (other 
spelling: Haidan, Heidan, Heedan) that 
are recharged by the Wala Dam. Figures 3 
and 4 show the main attributes of the site 
location (adapted from Xanke, 2017).

3.1.1  The Catchment 

The Wala Dam is located 43 km south of 
Jordan’s capital, Amman, at an elevation of 
485 m above sea level (masl). 

Its catchment extends east of the Wala Dam 
covering an area of 1,770 km2 and is the 
northern part of the Mujib drainage basin 
and the Dead Sea groundwater basin (Figure 
5). 

Figure 4

a) Location of the Wala surface catchment relative to Jordan’s major aquifer systems

b) Mean annual rainfall distribution in the Wala catchment

c) topography

d) outcropping aquifer systems and geological structures

e–f) Geological map and location of Wala Dam, recharge and production well. (From 
Xanke, 2017).

 



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN16

The Wala catchment is drained by the Wadi 
Wala (or Wala River) and its tributaries and 
flows from an elevation of around 850 to 100 
masl where it merges with the Wadi Mujib 
before flowing into the Dead Sea.

 The main activities (Figure 6) within the 
catchment include fodder for sheep and 
goats, with the land cover being mostly 
scrub vegetation, some tree cover and 
irrigated and non-irrigated agricultural crops. 
Rainfed cultivation of cereals (wheat and 
barley) is practiced in 38% of the total area 
of the catchment, and open rangeland 
constitutes 47% of the total area. About 7% 
of the area is classified as urban (Farhan et 
al, 2018). 

Figure 5

Figure 6

The Wala catchment in perspective (after Tarawneh et al, 2016)

Main activities within the Wala catchment (after Farhan et al, 2018).
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Figure 7

Figure 8

Mean Annual Precipitation at Wala Dam.

Monthly rainfall variability in Jordan (From https://
www.weather-atlas.com/en/jordan/amman-climate)

3.1.2 Rainfall

Figure 7 shows the MAP measured 
at Wala Dam since 2010, averaging 
280mm. MAP ranges from 346mm 
at Madaba, to 282mm at Dieban and 
266mm at the Wadi Al Wala weather 
station. Most of the rain falls in 
January, February and March (Figure 
8), often causing flooding. Rainfall 
in the Wala catchment decreases 
from the north west (500mm/a) to 
the south east (100 mm/a). Most of 
the runoff is therefore generated in 
the northern part of the catchment. 
Mean annual potential evaporation 
ranges from 2,300 mm in the north to 
3,000 mm in the south (Margane et 
al. 2009).

3.1.3 Sedimentation 

Since most of the rainfall falls in 
winter, the Wala catchment has 
a high likelihood of flooding, high 
soil erosion rates, high sediment 
load, and landslide activity during 
this season. Using the Soil Water 
Assessment Tool (SWAT), Tarawneh 
(2012) estimated that the mean 
annual sediment transport is 
316,500m3 mostly from the northern 
areas of the catchment that produce 
most of the water resources yield. 
These high sedimentation rates have 
a marked impact on the capacity of 
the Dam, water quality and recharge 
process, as described later.  

Sedimentation into reservoirs could 
be reduced by installing “sacrificial” 
stilling basins in the upstream area, 
however these would need to be 
emptied regularly. 
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3.1.4  Hydrology

Hydrological calculations indicate that 
the Probable Maximum Flood (PMF) is 
2081m3/s, however these calculations 
were done using historical climate and 
hydrology, and therefore do not account for 
possible future impacts of climate change 
on the hydrology of the catchment. Mean 
annual inflow to the Dam is 17.7Mm3 or 
21.95Mm3 if baseflow is included. The 
highest peak flood on record is 1150m3/s.  

Prior to the Dam being built, runoff was 
measured at the CD00036 runoff station 
from 1962 to 2002. These measurements 
show a long-term average flow of 
26.5Mm3/a with a minimum of 0.22 
Mm3/a (1998) and a maximum of 166 
Mm3/a (1991).

3.1.5 Surface water protection 

Surface water protection zone guidelines 
have been established (Margane and 
Subah, 2007) to protect the water 
resources of several wadis in Jordan 
including Wadi Wala (Margane et al 

2009).  The main hazards in the study area 
are related to agriculture including the 
use of untreated organic and chemical 
fertilizers and pesticides. The hazard was 
exacerbated with the development of the 
Dam with farmers tending to locate closer 
to the new water resource. 

3.1.6 Climate change 

Jordan’s historical temperature can be 
summarized as follows (Figure 9):  
• The annual maximum temperature has 

increased by 0.3-1.8°C since the 1960’s

• The annual minimum temperature has 
increased by 0.4-2.8°C since the 1960’s

• The mean annual temperature has 
increased by 0.89°C since 1900

Jordan’s historical precipitation can be 
summarized as follows (Figure 9): 
• Global Historical Climatology Network 

(GHCN) data for the country indicates a 
2.92 mm/month per century reduction 
in average annual precipitation since 
1900

Figure 9 Historical temperature and rainfall data for Jordan
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• Most local station records indicate 
that precipitation dropped from 94 
mm to 80 mm during the last 10 
years for the period 1937/1938 to 
2004/2005

• Annual precipitation rates show 
decreases at most meteorological 
stations

Jordan’s projected temperature can 
be summarized as follows (Figure 
10): 
• Mean annual temperature is 

expected to increase by 2°C by 
2050

• By mid-century, the coarser-
resolution Global Circulation 
Models (GCMs) project that 
Jordan will become warmer, with 
more frequent heat waves and 
fewer frost days

Jordan’s projected precipitation 
can be summarized as follows 
(Figure 11): 
• GCMs project that the country will 

become drier. Rainfall intensity is 
expected to increase

• The maximum period between 
rainy days is expected to decrease

Jordan faces a warmer and drier 
future, with less rainfall – runoff that 
will become increasing variable and  
extreme and difficult to predict. What 
is not clear, is how these changes 
will manifest as impacts on the 
water resources that Jordan relies for 
wellbeing and health. There are very 
few studies on climate change and 
their potential impacts for Jordan. 

Figure 11 Projected change in monthly precipitation for Jordan.   

Figure 10 Projected change in monthly temperature for Jordan
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Arguably, one of the more recent and 
relevant studies is the study of groundwater 
resilience to climate change in the Mujib 
Basin (including Wadi Wala) by Alraggad 
et al (2017). Alraggad et al (2017) applied 
the J2000 distributed hydrological model 
with statistically downscaled GCMs that to 
projected a 2 to 3 °C increase in maximum 
and minimum temperatures respectively. 
This temperature difference translated into 
a 21% decline in precipitation by 2080 and 
a reduction in recharge of 30% by 2050 
(Figure 12). Furthermore, this recharge 
reduction with continuous over abstraction 
could potentially lead to a 30-70% reduction 
in saturated thickness by 2050.

The town of Madaba is highly reliant on 
its sole source of water from the Wala 
catchment system. The system is currently 
over allocated, resulting in aquifer levels 
dropping and potentially being unsustainable 
in the future. Water resources are already 
under pressure with increasing population 
growth and high levels of NRW. With 
the high levels of dependency on the 
aquifer, any further deterioration in water 
resources through climate change could 
potentially lead to uncontrollable negative 
environmental, socio economic and health 
impacts. The groundwater resource needs to 
therefore be managed wisely. 

Enhancing groundwater resilience is key 
to achieving groundwater and hence water 
supply sustainability. The most important 
aspect to achieving resilience suggested 
by Alraggad et al (2017) was preserving the 
aquifer’s saturated thickness, as it plays 
a vital role in the transmissivity of water, 
contributing to groundwater depth.

3.1.7  The Wala Dam

The 520 masl Wala Dam (Figure 13) was 
constructed in 1999 – 2002 and completed 
in 2003 with a full supply capacity of 9.3 
Mm3 and a safe yield of 6 Mm3 per annum.  
The dam was constructed at a location 
where the stored water can infiltrate into 
the A7/B2 aquifer, the main aquifer in 
Jordan. Groundwater can also be artificially 
recharged from the Dam via injection 
wells downstream of the Dam. The Dam 
only spills during the winter floods with 
a maximum recorded spill of 308m3/s 
during the Great Flood in 2018. Water is 
abstracted from the Dam via 3 intakes (at 
505, 510, 515 masl), however the bottom 
offtake is currently compromised due to 
sedimentation.The Dam level is currently 
being raised to 535 masl (Figure 14) and 
will have a full supply capacity of 26 Mm3, 
with 3 additional intakes at an elevation 
that is not susceptible to blockage due to 
sedimentation. 

Figure 12

Figure 14

Observed groundwater recharge (2014) and 
projections of future recharge in 2020, 2050 and 
2080 (after Alraggad et al, 2017).

Wala Dam during raising 
construction (18 June 2019). 
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Abstraction via wells to Madaba supply 10.5 
Mm3/annum (2018)
Minimal evidence of water reaching wells  ~ 13km 
away
Some evidence of recharge at springs 6km away 
 

Recharge from Dam
Increasingly compromised due to sedimatation 
5.5MCM/a????

Natural Recharge 
of aquifer by 
groundwater (surface 
water?) 
Volume = ???

Wala Dam
Initial level = 520 masl (9.3 MCM)
New level: 535 masl (26 MCM)

Siltation ca. 200 000m3 /a
Yield (old level) = 6 MCM/a

Dam abstraction 
via 3 intakes (505, 510, 515 
masl). 505 compromised due 
to sedimentation 
Recharge = 9.49 MCM/annum

Spillage
Only during winter floods, 

maximum of 308m3 /s during 
Great Flood in 2018

Wala Catchment
Area = 1 770km2

Peak flood = 1150m3/s (2015)
PMF = 2081m3/s (2015)
Mean Annual Inflow = 17.7 
Mm3/annum
Mean Annual Inflow (2015) = 
21.95 Mm3/annum (Base + 
flood flow)
MAP = 238mm (2015)

45m deep curtain (impacts on 
Natural Recharge)

Pool (200m3) filled with washout 
water (1 - 2 times per month), from 
which farmers have unlimited supply 
(irrigiation of olive trees, tomoatoes, 
aubergine, aloe vera and others 

Washout
to River (11 outlets) 41 000m3/a

Artificial Well 
Recharge 
> via 8 wells, 800mm 
dia. each, 80m3/s each, 
on rotational basis
> Recharge currently = 
15 000m3/d (5.5 MCM if 
continuous) or is 
pumping over a shorter 
period ~ 6 months

Filter Station

Aquifer

However, according to Xanke (2020), by raising the Dam, 
another geological formation (Amman Formation, B2) will 
be reached, which will lead to increased infiltration, not 
necessarily only vertically, but also laterally with unknown 
flow patterns. Although there is some mention of the 
additional water in the Dam  being allocated for irrigation 
and domestic potable use, the allocation is not finalized.

Figure 13 Overview of the water production elements of the Madaba WSS
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3.1.8  Managed Aquifer Recharge 

Managed Aquifer Recharge (MAR) is 
a term used to describe a technical 
solution that enhances the recharge 
of groundwater. MAR includes natural 
recharge (from the Wala Dam) and 
targeted injection via the wells. 

3.1.8.1 Natural recharge  

Natural recharge (also sometimes called 
infiltration) of the aquifer by gravity from 
the bottom and sides of the Dam is 
possible and occurred during the early 
lifespan of the Dam. 

However, over time, with high 
sedimentation rates from the catchment, 
this recharge process has become 
increasingly compromised. Over a period 
of about 10 years, Xanke (2017) estimated 
the artificial recharge of Wala Dam to be 
6.7Mm3/a, which resulted in significant 
increases in groundwater levels at the 
downstream wellfield.

3.1.8.1 Targeted injection via wells 

Over time, as natural recharge has 
decreased due to sedimentation, and 
demands for water have increased, the 
offtakes that were built into the wall at 
construction have been used more and 
more to enhance MAR to the aquifer. 
From the offtakes, water is abstracted 
and directed via the filter station to 8 
recharge wells (800mm dia each). The 
wells are each capable of recharging 
the aquifer at 80m3/s and are used on a 
rotational basis. At the time of the site 
visit in 2019, recharge was 15 000m3/d. 
On average recharge is 9.5Mm3/a. The 
filter station water is also occasionally 
used as a washout directly to the Wadi 
and small intermittent pools of water 
(Figure 15) for extraction (Figure 16) 
by farmers for irrigation purposes. The 
washout occurs once or twice a month, 
averaging 41000m3/a. The high rates of 
sedimentation into the Dam have also 
started blocking the lower intake, leading 
to intermittent blockages.

Figure 15 Figure 16Typical small intermittent pool downstream of the Dam.  Typical abstraction pipelines used by farmers for 
irrigation purposes. 
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3.1.9  Impact of MAR on the 
aquifer  

Data from 3 downstream monitoring 
wells (monitored since 2001) showed 
that artificial recharge from the Dam had 
a positive impact during the first 6 years 
with groundwater levels immediately 
downstream of the Dam rising by 25 to 
40m, and in the well field by between 16 
m (at the fringes) and 35 m (in the central 
area). Evidence of aquifer replenishment 
during the early years after Dam 
construction

is given in Figure 17. However, during 
these early years, infiltration was already 
decreasing due to sedimentation (Figure 
18). More recently (in 2019), Miyahuna 
operators have indicated that there was 
little evidence of water from the artificial 
recharge reaching the abstraction wells, 
with only some evidence of recharge 
being visible at some downstream springs. 
In the first half of 2020 there continues to 
be evidence of the occurrence of recharge, 
which is expected to improve after the 
raising of the Dam is complete.

Figure 18 Evidence of reduced infiltration rate caused by sedimentation (after Xanke, 2017).

Figure 17 Evidence of aquifer replenishment after Wala Dam construction (after Xanke, 2017).

 

 

 

 



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN24

3.1.10 Groundwater flow and 
water balance 

Xanke (2017) provides arguably the most 
extensive study of the dynamics of 
groundwater flow and MAR at Wala Dam. 
The aim of his research was to facilitate 
the investigation of the hydraulic behavior 
of the aquifer to expose the impact of 
reservoir infiltration on the groundwater 
level. The conceptual water balance is 
depicted in Figure 19, where the different 
inputs and outputs that are measured or 
calculated are as defined in Table 5. Using 
observed data from 2002 to 2012, Xanke 
(2017) used a numerical groundwater 

model to develop the water balance in 
Figure 20. This approach enabled insight 
into components of the balance that are 
not measured, notably the recharge from 
the Dam to the aquifer (Figure 21). 

Figure 19

Conceptual water balance of the Wala Dam and 
aquifer (after Xanke 2017). 

Competence Definition Calculation 

PR Precipitation on the dam Surface water area x measured precipitation

ETR Evapotranspiration from the 
dam

Surface water area x measured evapo-
transpiration 

QR OUT Flow out of the dam Measured by MWI

QR IN Flow into the dam Calculated (dam volume - PR)

AA Abstraction to wells Measured by Miyahuna 

PA Precipitation onto the aquifer Neglected

ETA Evapotranspiration from the 
aquifer

Neglected 

RR Recharge from the dam to the 
aquifer  

Calculate (dam volume increase -  ETR)

QA OUT Flow out of the aquifer Unknown 

QA IN Flow into the aquifer Unknown 

Table 5 Components of water balance.
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The results of Xanke’s study provide invaluable insight for the Madaba CR-WSP, especially 
in confirming the water balance. Over the period 2002 to 2012, hydrological surveys 
showed that about 57% of the abstracted water was provided by recharge from the Dam, 
however the proportion of abstracted water decreased from 71% (2002 to 2007) to 42% 
(2008 to 2012). 

As mentioned previously, sedimentation has reduced the infiltration capacity and reduced 
the storage volume of the Dam. Infiltration (natural recharge) ranged from 13Mm3/a in 
2003 to 1Mm3/a in 2008, with an average of 7.3Mm3/a.  Over the period, Xanke observed 
a clear decrease in infiltration (natural recharge) due to increasing sedimentation of the 
reservoir. By 2012 the initial volume of 9.3 Mm3 had reduced to 7.7 Mm3. Abstraction 
rates ranged from 10 Mm3/a in 2002 to more than 13.7 Mm3/a in 2008, averaging 11.7 
Mm3/a. In 2012 about 96% was used for drinking water, the balance used for irrigation. 
During the study period over abstraction and decreasing infiltration rates resulted the 
water levels of the wellfield dropping in 2008/2009 and 2011/2012 (Figure 21). 

Figure 21 Infiltration from the aquifer (Recharge) and water level fluctuations in observation wells 
CD 1097 and CD 3133 of the Hidan wellfield (after Xanke, 2017).

Figure 20 Water balance (in average Mm3/a) for Wala Dam and aquifer (after Xanke, 2017) 
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Groundwater flows into the aquifer are 
difficult to determine due to variations 
in natural recharge and abstractions 
in the catchment, however assuming 
mean abstraction rate of 11.7Mm3/a and 
artificial recharge of around 7.3Mm3/a 
would keep the water level constant, the 
natural groundwater flow would provide a 
minimum of 4.4Mm3/a on average to the 
Hidan wellfield.

Xanke concluded that the Wala reservoir 
is an example of successfully managed 
aquifer recharge into a karst aquifer in a 
semi-arid region and demonstrates the 
promising potential that comes along 
with this technique regarding water 
management in Jordan. However, the 
removal of sediments and technical 
measures to reduce the sedimentation 
rate (for example a check dam upstream 
of the main Dam ) are strongly 
recommended. The drilling of additional 
abstraction wells at the wellfield, along 
the wadi or upstream of the Dam is not 
recommended, since this would directly 
affect the groundwater level negatively.

3.2 Madaba Water Supply System 

3.2.1 Abstraction/production of 
water from wells 

The main source of supply to the Madaba 
WSS is the abstraction of water from 
the aquifer via the Wala (about 3%) and 
Hidan (about 94%) wellfields, about 7km 
downstream from the Dam. The balance 
(3%) is imported from Amman in times 
of need. The Wala abstraction wells (3 
wells of which one is for irrigation) have 
depths between 100 and 400 m, and 
further downstream the Hidan wellfield at 
elevation of 350 masl includes 17 (13 for 
drinking, 4 for irrigation) active abstraction 
wells with depths between 100 and 250 
m (actual well depths are show in Table 
6). Production rates (pumping capacities) 
range from 40 to 370 m3/h. In total 
there are about 40 wells which have all 
been used at one stage or another for 
abstraction and monitoring since the early 
1980s.

ID Name Depth 
(m)

Production 
rate (m3/h)

Length (m) Static 
water level 
(m)

Mobile 
water level 
(m)

3243 Hidan 15 130 170 54

3675 Hidan 16A 185 130 69

3363 Hidan 12A 110 135 73 11.60

3474 Hidan 12B 158 130 66

1318 Hidan 7 92 250 54

3475 Hidan 6A 142 225 94

1019 Hidan 9 106 200 60

3136 Hidan 5 100 200 54

3475 Hidan 16B 185 200 66

Table 6 Depths of wells. 
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3666 Hidan 17 191 
(142?)

325 75 14.5

3667 Hidan 18 161 
(142?)

370 75 9.20

3437 Hidan 2 deep 250 180 54

3144 Hidan 13 127 135 52 14.2

1094 Wala 5 237 80 102

1093 Wala 4 204 40 102

Abstraction started in 1991 with 1.4 
Mm3/a from two wells and increased to 
10-12 Mm3/a from 17 wells. Increasing 
abstraction is shown in the hydrographs 
of the monitoring wells CD 1093 and CD 
3133 (Figure 22). The trend halted after 

the completion of the Wala Dam in 2003 
(Gassen et al, 2013). Also, the capacity 
of some wells has clearly reduced over 
time e.g. CD3139 decreased from 432 (in 
1989) to just 9.5m3/h in 2003 (Gassen et 
al, 2013). 

ID Name Depth 
(m)

Production 
rate (m3/h)

Length (m) Static 
water level 
(m)

Mobile 
water level 
(m)

Figure 22 Water level observation wells in the Hidan well field (after Gassen et al, 2013). 
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Figure 23 shows the production rates of 
all wells for the period 2016 – 2019, and 
static depths for 2017 -2019. The charts 
provide overwhelming evidence that 
well productivity is often well below their 
original potential, and that productivity is 
decreasing over time. In 2016 the wells 
were generally producing water at or near 
their maximum capacity, however rates 
have generally declined ever since. This is

due to the decreasing availability of water 
from the aquifer and is of major concern. 
Surprisingly, there does not appear to 
be any meaningful relationship between 
production rate and groundwater level. 
However, this may be due to a paucity of 
depth data, as these measurements are 
only taken instantaneously once a month. 
There are also numerous months where 
measurements were not done.

0 0

10

20

30

40

50

60

50

100

150

250

200

300

350

400

Ja
n

-1
6

A
p

r-
16

P
ro

d
u

ti
v

it
y

 R
at

e 
(m

3/
h

)

St
at

ic
 D

ep
th

 (m
)

Ju
l-

16

O
ct

-1
6

Ju
l-

17

A
p

r-
17

Ju
l-

17

O
ct

-1
7

Ja
n

-1
8

A
p

r-
18

Ju
l-

18

O
ct

-1
8

Ja
n

-1
9

A
p

r-
19

Ju
l-

19

O
ct

-1
9

0 0

5

10

15

20

25

30

40

35

50

100

150

250

200

300

350

400

Ja
n

-1
6

A
p

r-
16

P
ro

d
u

ti
v

it
y

 R
at

e 
(m

3/
h

)

St
at

ic
 D

ep
th

 (m
)

Ju
l-

16

O
ct

-1
6

Ju
l-

17

A
p

r-
17

Ju
l-

17

O
ct

-1
7

Ja
n

-1
8

A
p

r-
18

Ju
l-

18

O
ct

-1
8

Ja
n

-1
9

A
p

r-
19

Ju
l-

19

O
ct

-1
9

1500

1700

1900

2100

2500

2300

2700

2900

Ja
n

-1
6

A
p

r-
16

Ju
l-

16

O
ct

-1
6

Ju
l-

17

A
p

r-
17

Ju
l-

17

O
ct

-1
7

Ja
n

-1
8

A
p

r-
18

Ju
l-

18

O
ct

-1
8

Ja
n

-1
9

A
p

r-
19

Ju
l-

19

O
ct

-1
9

0 0

5

10

15

20

25

30

40

35

50

100

150

250

200

300

350

400

Ja
n

-1
6

A
p

r-
16

P
ro

d
u

ti
v

it
y

 R
at

e 
(m

3/
h

)

St
at

ic
 D

ep
th

 (m
)

Ju
l-

16

O
ct

-1
6

Ju
l-

17

A
p

r-
17

Ju
l-

17

O
ct

-1
7

Ja
n

-1
8

A
p

r-
18

Ju
l-

18

O
ct

-1
8

Ja
n

-1
9

A
p

r-
19

Ju
l-

19

O
ct

-1
9

Figure 23

Hidan 2 Deep

Hidan 15

All wells

Hidan 13

 Well production rates (2016 – 2019), and static depths (2017 – 2019). Black dashed line is actual production, solid 
black line is the trend, dashed red is maximum productivity rate, blue is static depth.  
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3.2.2 Competition for scarce 
resources 

Although there is no formal water 
user priority classification agreement 
in Jordan, it is clear from this project 
that irrigation for agriculture and 
water for potable drinking supply 
have the highest priority and are 
often competing for a limited 
water resource. Miyahuna is under 
constant pressure to re-allocate 
water from potable use to irrigation. 
Well number 5, one of the most 
productive wells was recently 
allocated to irrigation. The practice of 
unplanned re-allocations that are not 
based on scientific assessments of 
resource adequacy will surely lead 
to inadequacies in the sustainability 
of the aquifer and Dam to supply 
water at the required levels. This is 
particularly concerning since reducing 
aquifer levels, increasing abstraction 
rates and other stressors such 
as climate change have not been 
considered.

Furthermore, not all  irrigation 
abstractions are registered and/or 
measured. It is estimated that the 
registered quantities of the three 
wells allocated for agriculture (2,8,6) 
is about 1Mm3. The estimated 
quantities of water pumped from 
well number 5 to farmers is 500 000 
m3. Irrigation is mainly for olives, 
guava, grapes, eggplant, cantaloupe, 
zucchini and tomatoes.

3.2.3 Water supply network 

Water is abstracted from the wells for 
two purposes namely potable water 
supply and irrigation. Potable water 

supply is via the Wala and Lib pump 
stations/reservoirs to the following 3 
sub-systems, each having their own 
pump station and reservoir:
1. Madaba sub-water system; serves 

Madaba Qasabah district

2. Dieban sub-water system; serves 
Dieban sub-district

3. Areedh & Mlaih sub-water 
system; serves Areedh and Mlaih 
sub districts 

There are no water treatment plants, 
however automatic chlorination is 
done at Lib, and again at Dieban (if 
required). The system is also able 
to supply or receive water from 
the city of Amman, depending on 
requirements. Figure 24, 25 and 
26 shows the system, with a more 
detailed flow chart in Annexure 1. 

Figure 24

Overview of Madaba WSS.



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN32

Figure 25 Water Supply System from Wadi Hidan wells (updated from USAID 2015).

Figure 26 Madaba Water Supply System showing the 3 sub-systems.
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Table 7 summarizes the network length 
and the existing facilities of the system. 
Unfortunately, the Madaba WSS network 
is old, with more than 45% of the network 
being older than 25 years and potentially 
nearing the end of its useful life.  

3.2.4 Water supply security 

Most areas within the Madaba supply 
area are supplied with water once a 
week (sometimes twice) according to a 
schedule (Annexure 2). Water is stored 
in either rooftop or underground water 
tanks to ensure continuous supply 
throughout the week. However, there are 
frequent interruptions to supply due to the 
following:

• Common problems with the supply 
infrastructure including the pipes

• Inherent poor maintenance of the 
infrastructure on consumer premises 
(e.g. periodic cleaning of tanks). This is 
particularly a problem in schools

• Weak pressure in taller buildings

3.2.5  Water balance  

Table 8 summarizes the Madaba WSS 
water balance for the period 2018 – 2019. 
The water balance indicates two areas 
of concern. Firstly, the amount of water 
abstracted from the wells has continued 
to rise, and now exceeds the 10.5Mm³ 
threshold that is required to maintain the 
aquifer level in equilibrium. This is not 
a sustainable position for the Madaba 
WSS, and indications are that if there 
are no meaningful existing or planned 
interventions to negate the situation. 
Consequently, abstractions continue to 
increase beyond sustainable levels and the 
well levels continue dropping. 
Secondly, Miyahuna is not winning their 
battle against NRW, with NRW maintaining 
its high levels of around 40%.

Length (km) Reservoirs Reservoir 
capacity (m3)

Pump stations 

Madaba 540 2 6,500 1

Dieban 126 1 1,000 1

Areedh and 
Mlaih

181 3 13,000 4

Total 847 6 20,500 6

Table 7 Summary of water networks. 
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Table 8

Code Component
2018  (Q1)
3/31 – 1/1

2018  (Q2)
6/30 – 4/1 

2018  (Q3)
9/30 – 7/1 

2018  (Q4)
12/31 – 10/1 2018 2019 (Q1)

3/31 – 1/1
2019 (Q2)
6/30 – 4/1

2019  (Q3)
9/30 – 7/1 

2019  (Q4)
12/31 – 10/1 2019

A7 Amount of water produced from 
wells (m3)

1,416,685 2,666,653 3,202,431 3,180,704 10,466,473 2,214,067 3,641,742 3,721,552 2,464,080 12,041,441

Amount of water from the wells to 
the washout (measured by gauge)

7,797 8,646 15,764 8,803 41,010 15,802 1,866 0 4,536 22,204

Produced water 1,408,888 2,658,007 3,186,667 3,171,901 10,425,463 2,198,265 3,639,876 3,721,552 2,459,544 12,019,237

A8 Imported water (m3) 531,153 43,368 48,700 50,729 673,950 300,373 38,950 47,380 134,570 521,273

Water supply to 1+2 1,940,041 2,701,375 3,235,367 3,222,630 11,099,413 2,498,638 3,678,826 3,768,932 2,594,114 12,540,510

A9 Exported water (m3) 84,613 117,592 147,400 1,000,018 1,349,623 713,461 905,524 576,932 193,508 2,388,507

Sold water by bills (m3) 1,149,783 1,260,893 1,510,285 1,399,211 5,320,172 1,146,314 1,177,422 1,508,482 1,396,192 5,228,410

Sold water to water trucks (m3) 6.045 8,781 7,278 5,606 27,710 5,572 7,644 10,567 8,369 32,152

A15 Illegal water use quantities (m3) 27,461 45,908 43,069 28,356 144,794 27,265 34,054 49,157 34,018 144,494

Estimated water quantities from 
contractors’ fines and washout 
(m3)

403 2,902 922 678 4,905 180 1,348 2,394 3,622 7,544

Billed authorized consumption 1,268,305 1,436,076 1,708,954 2,433,869 6,847,204 1,892,792 2,125,992 2,146,614 1,635,709 7,801,107

Total water minus exported water 1,183,692 1,318,484 1,561,554 1,433,851 5,497,581 1,179,331 1,220,468 1,570,600 1,442,201 5,412,600

Billed authorized consumption 1,268,305 1,436,076 1,708,954 2,433,869 6,847,204 1,892,792 2,125,992 2,146,614 1,635,709 7,801,107

NRW 671,736 1,265,299 1,526,413 788,761 4,252,209 605,846 1,552,834 1,622,318 958,405 4,739,403

NRW % 34.6% 46.8% 47.5% 24.5% 38.3% 24.2% 42.2% 43.0% 36.9% 37,8%

NRW loss ratio 36.2% 49.0% 49.4% 35.5% 43.6% 33.9% 56.0% 50.8% 39.9% 46,7%
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Detailed water balance for Madaba

Code Component
2018  (Q1)
3/31 – 1/1

2018  (Q2)
6/30 – 4/1 

2018  (Q3)
9/30 – 7/1 

2018  (Q4)
12/31 – 10/1 2018 2019 (Q1)

3/31 – 1/1
2019 (Q2)
6/30 – 4/1

2019  (Q3)
9/30 – 7/1 

2019  (Q4)
12/31 – 10/1 2019

A7 Amount of water produced from 
wells (m3)

1,416,685 2,666,653 3,202,431 3,180,704 10,466,473 2,214,067 3,641,742 3,721,552 2,464,080 12,041,441

Amount of water from the wells to 
the washout (measured by gauge)

7,797 8,646 15,764 8,803 41,010 15,802 1,866 0 4,536 22,204

Produced water 1,408,888 2,658,007 3,186,667 3,171,901 10,425,463 2,198,265 3,639,876 3,721,552 2,459,544 12,019,237

A8 Imported water (m3) 531,153 43,368 48,700 50,729 673,950 300,373 38,950 47,380 134,570 521,273

Water supply to 1+2 1,940,041 2,701,375 3,235,367 3,222,630 11,099,413 2,498,638 3,678,826 3,768,932 2,594,114 12,540,510

A9 Exported water (m3) 84,613 117,592 147,400 1,000,018 1,349,623 713,461 905,524 576,932 193,508 2,388,507

Sold water by bills (m3) 1,149,783 1,260,893 1,510,285 1,399,211 5,320,172 1,146,314 1,177,422 1,508,482 1,396,192 5,228,410

Sold water to water trucks (m3) 6.045 8,781 7,278 5,606 27,710 5,572 7,644 10,567 8,369 32,152

A15 Illegal water use quantities (m3) 27,461 45,908 43,069 28,356 144,794 27,265 34,054 49,157 34,018 144,494

Estimated water quantities from 
contractors’ fines and washout 
(m3)

403 2,902 922 678 4,905 180 1,348 2,394 3,622 7,544

Billed authorized consumption 1,268,305 1,436,076 1,708,954 2,433,869 6,847,204 1,892,792 2,125,992 2,146,614 1,635,709 7,801,107

Total water minus exported water 1,183,692 1,318,484 1,561,554 1,433,851 5,497,581 1,179,331 1,220,468 1,570,600 1,442,201 5,412,600

Billed authorized consumption 1,268,305 1,436,076 1,708,954 2,433,869 6,847,204 1,892,792 2,125,992 2,146,614 1,635,709 7,801,107

NRW 671,736 1,265,299 1,526,413 788,761 4,252,209 605,846 1,552,834 1,622,318 958,405 4,739,403

NRW % 34.6% 46.8% 47.5% 24.5% 38.3% 24.2% 42.2% 43.0% 36.9% 37,8%

NRW loss ratio 36.2% 49.0% 49.4% 35.5% 43.6% 33.9% 56.0% 50.8% 39.9% 46,7%
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3.2.6  Historical and future water requirements 
Water requirements have steadily increased and in 2019 exceeded 
12 Mm3 (Figure 27). This is due to increasing demand in Madaba, 
additional requirements for irrigation and exports to Amman, as well 
as NRW challenges. Water requirements now exceed the safe yield 
volume required to keep the aquifer maintained at a sustainable level. 
Furthermore, the population for Madaba Governorate is projected to 
increase by 1.8 % per annum. USAID (2015) translated this into the 
population projections in Figure 28. These projections translate into 
a water demand, water supply requirement and supply shortfall of 
12.4Mm3, 15.1Mm3 and 6Mm3 by 2035 respectively (Figures 29, 30 and 
31). Since the current supply system is already at capacity, supply and/
or demand interventions will be required in the very near future.
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Figure 27

Figure 28 Figure 31

Figure 29

Figure 30Historical water supply to Madaba

Population projections (after 
USAID 2015)

Projected water balance (after 
USAID 2015)

Project water demand 
requirements (after USAID 2015). 

Projected required water 
supply (after USAID 2015).
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3.2.7  Water quality and treatment 
of water

Using tracer tests, Gassen et al (2013) 
confirmed that surface water (from 
the main Wadi as well as side valleys) 
infiltrates into groundwater through 
direct pathways. It is therefore plausible 
that contaminated surface water could 
threaten the quality of groundwater. The 
well field and Dam is therefore prone to 
bacteriological contamination and high 
turbidity, and since the groundwater 
table is shallow, it is vulnerable to 
pollution. Contamination is linked to 
rainfall events which flush liquid and 
solid waste from septic tanks and animal 
feces into the wadi. The contaminated 
flood water infiltrates into the aquifer and 
consequently the well field.

The risk of contamination at the wells 
is mainly related to microbial pollution 
and turbidity, however, these parameters 
are not measured regularly, and only the 
data from total coliforms and Escherichia 
coli (E. coli) are available as indicators for 
such contaminations. As a response, the 
wells are switched off when turbidity is 
excessive and consequently, sampling is 
not conducted. Data for contamination 
events prior to the construction of the 
Wala Dam are not available, but it is 
assumed that they occurred mainly during 
heavy flash floods in winter as well as 
related to rainfall; therefore, additional risk 
is associated with reservoir infiltration and 
the seepage into the wadi. Post-treatment 
of the groundwater used for drinking is 
done by chlorination (Xanke, 2017).

3.2.8  Non-Revenue Water 

In Jordan, the average NRW in 2014 was 
52% (MWI, 2016). It is believed that no

more than 50% of this is attributed to 
physical reasons, such as old pipes, 
bursts, leakages etc., while the balance 
is due to illegal connections and metering 
errors. As in the rest of Jordan, NRW is 
one of the, if not largest challenge facing 
Miyahuna with NRW above 40% (Figure 
32). With NRW consistently over 40% 
and increasing in recent years, it is clear 
that Miyahuna is struggling to manage its 
NRW levels in the Madaba WSS. This is 
despite the commendable efforts of the 
Miyahuna Operators, with the insufficient 
resources at their disposal. Through the 
development of the Madaba CR-WSP by 
the WSP Section, indications are that the 
NRW issue is one of the highest ranked 
risks needing urgent attention.

The Operations Directorate of Miyahuna 
has developed a NRW Plan (2019) to 
address the NRW challenge. Furthermore, 
NRW is used as a performance indicator 
and has been internalised within the 
Madaba water department. The NRW Plan 
(2019) has the following objectives:
1. Reduction of NRW by 2% annually
2. Enhance and increase the level of 

services
3. Increase income and reduce operational 

costs 
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Figure 32 Non-Revenue Water for Madaba WSS. 
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Performance indicators that will be 
used to monitor performance are as 
follows:

1. NRW

2. Number of discovered violations 

3. Number of paid violations

4. Estimated volumes from violations 

5. Amounts earned from violations

6. % of O&M covered expenses.

7. Number of isolated areas

8. Trained staff

9. Equipment and number of trained staff 
members.

©UNICEF
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The NRW plan (2019) scope of work 
provides actions categorized into 6 
main categories as follows:
1. Illegal water use
2. Water meters
3. Water networks
4. Projects and household connections 
5. Awareness
6. Investment in research and 

development to determine best 
practice 

Also, the following:
7. Procedure to complete violations 

reporting form
8. Logistical reequipments 
9. Field survey procedures 
10. Procedures to monitor the NRW 

administrative process 

Challenges to implementing this plan 
include: 
1. Additional inspection teams and 

transport are needed. Currently there 
is only 1 team as opposed to the 3 that 
are required

2. Adjudication of those responsible for 
water theft takes months

3. Infrastructure improvements currently 
depend on grants and loans 

4. Illegal water use is estimated by 
a committee who assesses the 
transgressions and determines the 
volumes of water based on historical 
usage, volume of storage, duration of 
the transgression and the supply line 
diameter. 

3.3  Master Planning 

In 2015, the USAID published a report 
detailing a strategic master plan for 
municipal water infrastructure in Jordan. 

In 2004, the Jordan National Water Master 
Plan (NWMP) set a goal of delivering 150 
liters per capita per day (lpcd) for urban 
areas and 132 lpcd for rural areas. The 
Water for Life: Jordan’s Water Strategy 
2008-2022, issued in 2009 and approved 
by His Majesty King Abdullah II, set a 
goal of delivering at least 100 lpcd to 
all residents. More recently, the Jordan 
2025 National Vision and Strategy report 
highlighted a goal of increasing domestic 
water consumption to 115 lcpd and 
increasing the proportion of the population 
connected to water networks to 95% over 
the next ten year.

USAID (2015) calculated Madaba 
population at 217,000 served people. With 
water supply of 8.86Mm3, they estimated 
the current water share to be 114.7 lpcd. 
USAID (2015) estimated the network 
rehabilitation and cost needs to be 414km 
of tertiary network plus 286km of primary 
and secondary at a cost of 45 MJD. 
In addition, 6.91 MJD was needed for 
network expansion to 2025, and another 
12.8MJD for the NRW reduction program. 
USAID (2015) projected Madaba population 
in 2014 of 216,800 to increase to 268,900 
by 2025. USAID (2015) showed the water 
supply to Madaba in 2014 at 8.9MCM, 
equivalent to about 111.9 lpcd. Their 
estimation for water requirements by 
2025 was 12.6Mm3, with a deficit of 
approximately 3.8 Mm3. 

This estimate assumed that NRW 
targets were met and no new supply 
infrastructure. To meet the expected 
deficit, they investigated several water 
resources with an additional supply 
capacity of 10 Mm3, which would require 
an additional capital investment of 
72.6MJD.
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Chapter 4: HAZARDS AND 
PRELIMINARY RISK ASSESSMENT  
(MODULE 3) 

This component of the CR-WSP identifies 
all biological, physical and chemical 
hazards and hazardous events that could 
impact on the safety of water supply from 
catchment, abstraction, treatment, storage, 
distribution and point of use abstraction, 
that could result in the water supply being 
contaminated, compromised or interrupted. 
Risks associated with each hazardous event 
are assessed using a clear risk assessment 
methodology that considers the likelihood 
that the hazardous event will occur and 
evaluates the severity of the potential 
consequences. Risks should be prioritized 
into more and less significant risks. The 
methodology used for this risk assessment 

is largely based on the guidance provided 
by the World Health Organization (2009) 
guidelines for Water Safety Planning, 
which were enhanced in WHO (2017) with 
guidance on integrating Climate Resilience 
into WSPs. 

The initial focus of the hazard assessment 
is on being able to identify the individual 
underlying causes of existing and potential 
future problems. This included an initial 
training and “brainstorm” session where 
the Team identified various aspects of the 
system where operations could go wrong 
and cause water supply interruptions. These 
hazards and the ensuing risk assessment 

Table 9 Madaba WSS: Preliminary Hazards and Risks Assessment (Module 3)

Ref. Main Element Hazardous event (source of hazard) Associated hazards (and issues to consider) Basis / Details Likelihood/Frequency Severity/Consequence Risk Risk

H1 Catchment/Surface 
Water

Meteorological, Hydrological and 
weather patterns

Flooding (main channel and sub catchment 
slopes): Infrastructure damage (wells and 
related), people dying 

Mainly during high flow win-
ter periods

5 Almost certain 5 Catastrophic public health impact 25 Very 
High

H2 Catchment/Surface 
Water

Meteorological, Hydrological and 
weather patterns

Rapid changes in source water turbidity Mainly during high flow win-
ter periods

5 Almost certain 4 Major regulatory impact 20 Very 
High

H3 Catchment/Surface 
Water

Meteorological, Hydrological and 
weather patterns

Temporary increase in Total Coliforms and 
E. Coli. (Microbiology)

Mainly during high flow win-
ter periods

5 Almost certain 4 Major regulatory impact 20 Very 
High

H4 Catchment/Surface 
Water

Water Security: Decrease in static 
and dynamic water level 

Seasonal variability/inadequate water 
resources to meet demand, Inadequate 
recharge of wells, illegal use, additional 
demands (Amman + Irrigation)

All year around, mostly in 
summer

5 Almost certain 5 Catastrophic public health impact 25 Very 
High

H5 Catchment/Surface 
Water

Livestock/Cattle defecation in 
catchment and vicinity of un-
fenced wellhead causing source 
of potential pathogen ingress in 
wet weather

Potential illness from pathogens from cat-
tle, such as Cryptosporidium, dead animals

Mainly during high flow win-
ter periods

5 Almost certain 3 Moderate aesthetic impact 15 High



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN 41

were checked, fine-tuned and verified on 
several occasions including the use of the 
detailed system description, verification in 
the field and consultation with stakeholders.  
A combination of quantitative and semi-
quantitative methods has been used that 
resulted in a 5 X 5 semi quantitative CR-
WSP risk assessment tool to guide the 
process. The Team was careful to ensure 
that historical and future events, and normal 
and abnormal events were considered. 
Some hazards, particularly those in the 
future that may be affected by unknown 
stressors (like climate change), presented 
some challenges to define. 

The risk assessment tool (developed as 
an excel spreadsheet) includes a “library” 
of generic hazards and possible control 
measures to be used for guidance, however 
care was taken to ensure that hazards are 
customized / tailored to the specific site. 
Furthermore, the CR-WSP risk assessment 
tool has been developed in a manner that 

is applicable to Madaba, but it could also be 
used as a template for future CR-WSPs.  
Elements of the system that have been 
considered for the Madaba CR-WSP 
include water production, treatment and 
monitoring, water distribution, supply 
infrastructure and the consumer. The tool 
guides the user to define hazardous events, 
associated hazards, an option to note the 
basis and details for identifying the hazard, 
the likelihood/frequency, the severity/
consequence and calculating the preliminary 
risk. Using this methodology, the Miyahuna 
WSP Section, together with Operations 
colleagues from Madaba and the WAJ, 
identified 22 separate hazards, 7 of which 
were classified as very high, 4 as high, 9 as 
medium, and 2 as low as detailed in Table 
9. From Table 9 it is evident that the key 
risks facing Madaba relate to interruptions 
in water supply (caused by inadequate 
or contaminated water resources), 
infrastructure destruction (due to flooding) 
and NRW. 

Hazard assessment for Madaba CR-WSP.

Ref. Main Element Hazardous event (source of hazard) Associated hazards (and issues to consider) Basis / Details Likelihood/Frequency Severity/Consequence Risk Risk

H1 Catchment/Surface 
Water

Meteorological, Hydrological and 
weather patterns

Flooding (main channel and sub catchment 
slopes): Infrastructure damage (wells and 
related), people dying 

Mainly during high flow win-
ter periods

5 Almost certain 5 Catastrophic public health impact 25 Very 
High

H2 Catchment/Surface 
Water

Meteorological, Hydrological and 
weather patterns

Rapid changes in source water turbidity Mainly during high flow win-
ter periods

5 Almost certain 4 Major regulatory impact 20 Very 
High

H3 Catchment/Surface 
Water

Meteorological, Hydrological and 
weather patterns

Temporary increase in Total Coliforms and 
E. Coli. (Microbiology)

Mainly during high flow win-
ter periods

5 Almost certain 4 Major regulatory impact 20 Very 
High

H4 Catchment/Surface 
Water

Water Security: Decrease in static 
and dynamic water level 

Seasonal variability/inadequate water 
resources to meet demand, Inadequate 
recharge of wells, illegal use, additional 
demands (Amman + Irrigation)

All year around, mostly in 
summer

5 Almost certain 5 Catastrophic public health impact 25 Very 
High

H5 Catchment/Surface 
Water

Livestock/Cattle defecation in 
catchment and vicinity of un-
fenced wellhead causing source 
of potential pathogen ingress in 
wet weather

Potential illness from pathogens from cat-
tle, such as Cryptosporidium, dead animals

Mainly during high flow win-
ter periods

5 Almost certain 3 Moderate aesthetic impact 15 High
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Table 9

H6 Catchment/Surface 
Water

Agricultural activities Potential introduction of pesticides / toxic 
chemicals

All year around 5 Almost certain 3 Moderate aesthetic impact 15 High

H7 Catchment/Surface 
Water

Housing – septic tanks Microbial contamination All the time 5 Almost certain 3 Moderate aesthetic impact 15 High

H8 Catchment/Surface 
Water

Well / borehole headworks not 
watertight

Surface water intrusion All the time 3 Moderate 3 Moderate aesthetic impact 9 Medium

H9 Catchment/Surface 
Water

Borehole casing corroded or 
incomplete 

Surface water intrusion All the time 3 Moderate 3 Moderate aesthetic impact 9 Medium

H10 Catchment/Surface 
Water

Geology During high runoff from valley sides, 
collapsing (wellss 5 and 9) B3 layer (old 
shale) metals into to water (molyb, arsenic, 
fluoride, lead, uranium)

Intermittent 3 Moderate 2 Minor compliance impact 6 Medium

H11 Catchment/Surface 
Water

Wastewater No WW services, septic tank, WW to valley 
direct (Sawadeh, Nlia areas), contamina-
tion, microbial contamination and chemical 
, no radioactive contamination

Intermittant 4 Likely 1 Insignificant/no impact 4 Low

H12 Catchment/Surface 
Water

S Amman WWTP effluent dis-
charging to catchment

Water quality of dam and well recharge Mainly winter 3 Moderate 3 Moderate aesthetic impact 9 Medium

H13 Catchment/Wells Dumping of waste Pumps, control boards, elec lines, water 
direction, WQ, NB well 16, artificl lakes 
impct water avail

Often 5 Almost certain 5 Catastrophic public health impact 25 Very 
High

H14 Treatment Chlorination treatment Potential hazard is fault in equipment dos-
ing volumes

Not often 3 Moderate 3 Moderate aesthetic impact 9 Medium

H15 Treatment Power supplies Interrupted 1) pumping  - water supply 2) 
disinfection

Often 3 Moderate 4 Major regulatory impact 12 High

H16 Distribution Blocked manholes, contamination, 
3 times in madaba camp per last 
year

Microbiological and physical due to contam-
ination or turbidity

Not often 4 Likely 2 Minor compliance impact 8 Medium

H17 Distribution Illegal use > 55% (Madaba 38%) NB Dieban, high pressure, leakage Often 4 Likely 4 Major regulatory impact 16 Very 
High

H18 Distribution Inadequate (compromised) supply 
infrastructure

Burst pipes, less than adequate supply, 
leakage, microbial contamination and 
chemical , no radioactive contam

Ageing infrastructure (40 - 50 
y), small dims, high con-
sumption

4 Likely 4 Major regulatory impact 16 Very 
High

H19 Distribution Inrermittant supply (Opening / 
closing valves)

Reversed or changed flow disturbing de-
posits, introduction of stale water

Not often 2 Unlikely 3 Moderate aesthetic impact 6 Medium

H20 Distribution Security / vandalism Contamination Isolated incidents 1 Rare 5 Catastrophic public health impact 5 Low

H21 Consumer Unauthorized connections Contamination by backflow Isolated incidents 2 Unlikely 4 Major regulatory impact 8 Medium

H22 Consumer Water quality lower demand in smaller households, over 
long distance, chlorine residual, still water

Isolated incidents 2 Unlikely 4 Major regulatory impact 8 Medium
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Hazard assessment for Madaba CR-WSP.

H6 Catchment/Surface 
Water

Agricultural activities Potential introduction of pesticides / toxic 
chemicals

All year around 5 Almost certain 3 Moderate aesthetic impact 15 High

H7 Catchment/Surface 
Water

Housing – septic tanks Microbial contamination All the time 5 Almost certain 3 Moderate aesthetic impact 15 High

H8 Catchment/Surface 
Water

Well / borehole headworks not 
watertight

Surface water intrusion All the time 3 Moderate 3 Moderate aesthetic impact 9 Medium

H9 Catchment/Surface 
Water

Borehole casing corroded or 
incomplete 

Surface water intrusion All the time 3 Moderate 3 Moderate aesthetic impact 9 Medium

H10 Catchment/Surface 
Water

Geology During high runoff from valley sides, 
collapsing (wellss 5 and 9) B3 layer (old 
shale) metals into to water (molyb, arsenic, 
fluoride, lead, uranium)

Intermittent 3 Moderate 2 Minor compliance impact 6 Medium

H11 Catchment/Surface 
Water

Wastewater No WW services, septic tank, WW to valley 
direct (Sawadeh, Nlia areas), contamina-
tion, microbial contamination and chemical 
, no radioactive contamination

Intermittant 4 Likely 1 Insignificant/no impact 4 Low

H12 Catchment/Surface 
Water

S Amman WWTP effluent dis-
charging to catchment

Water quality of dam and well recharge Mainly winter 3 Moderate 3 Moderate aesthetic impact 9 Medium

H13 Catchment/Wells Dumping of waste Pumps, control boards, elec lines, water 
direction, WQ, NB well 16, artificl lakes 
impct water avail

Often 5 Almost certain 5 Catastrophic public health impact 25 Very 
High

H14 Treatment Chlorination treatment Potential hazard is fault in equipment dos-
ing volumes

Not often 3 Moderate 3 Moderate aesthetic impact 9 Medium

H15 Treatment Power supplies Interrupted 1) pumping  - water supply 2) 
disinfection

Often 3 Moderate 4 Major regulatory impact 12 High

H16 Distribution Blocked manholes, contamination, 
3 times in madaba camp per last 
year

Microbiological and physical due to contam-
ination or turbidity

Not often 4 Likely 2 Minor compliance impact 8 Medium

H17 Distribution Illegal use > 55% (Madaba 38%) NB Dieban, high pressure, leakage Often 4 Likely 4 Major regulatory impact 16 Very 
High

H18 Distribution Inadequate (compromised) supply 
infrastructure

Burst pipes, less than adequate supply, 
leakage, microbial contamination and 
chemical , no radioactive contam

Ageing infrastructure (40 - 50 
y), small dims, high con-
sumption

4 Likely 4 Major regulatory impact 16 Very 
High

H19 Distribution Inrermittant supply (Opening / 
closing valves)

Reversed or changed flow disturbing de-
posits, introduction of stale water

Not often 2 Unlikely 3 Moderate aesthetic impact 6 Medium

H20 Distribution Security / vandalism Contamination Isolated incidents 1 Rare 5 Catastrophic public health impact 5 Low

H21 Consumer Unauthorized connections Contamination by backflow Isolated incidents 2 Unlikely 4 Major regulatory impact 8 Medium

H22 Consumer Water quality lower demand in smaller households, over 
long distance, chlorine residual, still water

Isolated incidents 2 Unlikely 4 Major regulatory impact 8 Medium
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Chapter 5

Control Measures And
Final Risk ( Module 4)

Figure 33 Flood prone infrastructure – historical floods have breached the projection wall and reached the window of the control room.
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Module 4 identifies existing control 
measures for all hazards and hazardous 
events identified in Module 3 and validates 
their effectiveness at controlling the hazards. 
Validating the effectiveness of controls 
sometimes requires an intensive programme 
of monitoring, not to be confused with 
operational monitoring which shows that the 
validated control measures continue to work 
effectively. 

Risks are then re-assessed and prioritized, 
considering the effectiveness of existing 
controls in order to determine where 
additional controls are required. The 
effectiveness of a control should be 
determined at its point rather than in 
isolation (performance of one control can 
influence the performance of subsequent 
controls). 

Some typical control measures 
associated with hazards in a catchment 
include:

a)    Restricted access to catchments
b)    Water utility ownership and control of 

catchment land
c)    Stock fencing
d)    Moving stock away from river access at 

calving / lambing times
e)    Codes of practice on agricultural 

chemical use and slurry spreading
f)     Moving farm operations away from 

sensitive locations
g)    Planning controls
h)    Agreements and communication with 

transport organizations
i)     Communication and education of 

catchment stakeholders
j)     Industrial effluent standards and volume 

controls
k)    Raw water storage
l)     Ability to close intakes (time of travel 

information)

m)  River biology – indicator of diffuse or 
point source contamination

n)    Covering and protecting springs
o)    Ability to use good alternative water 

sources when hazards affect one source
p)    Continuous monitoring of intake and 

river
q)    Site inspections
r)    Regular internal inspections of wells and 

boreholes

Some typical control measures 
associated with hazards at treatment 
include: 

a)    Validated treatment processes
b)    Alarmed operating limits
c)    Stand-by generator
d)    Automatic shut-down
e)    Continuous monitoring with alarms
f)     Trained staff (operator competency)
g)    Purchasing policy and procedure
h)    Fencing, locked premises, intruder 

alarms
i)     Communications back-up

Some typical control measures 
associated with hazards at a distribution 
network include:

a)    Regular reservoir inspections (external 
and internal)

b) Cover open service reservoirs
c) Up-to-date network maps
d) Known valve status 
e) Purchasing policy and procedure
f) Mains repair procedures
g) Trained staff (operator competency)
h) Hygiene procedures
i) Hydrant security
j) Non-return valves
k)    Pressure monitoring and recording
l) Protected pipes
m) Fencing, locked hatches, intruder alarms 

for service reservoirs and towers



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN46

Some typical control measures 
associated with hazards at consumer 
premises include: 

a)    Property inspections
b) Consumer education
c) Plumbosolvency control
d) Non-return valves
e) Advice to boil / not use the water

Table 10 contains the control measures and 
final risks for Madaba CR-WSP. Following the 
application of control measures, only 5 risks 
are now classified as very high, 5 as high, 
7 as medium, and 5 as low.  The highest 
ranked hazards are mostly related to flooding 
(quantity and quality) and infrastructure 
adequacy (ageing infrastructure, pipe 
breaks, inadequate maintenance and theft) 
and illegal dumping of waste/agricultural 
activities (shown in Figures 33, 34 and 35).

Figure 34

Figure 35

Well infrastructure requiring 
maintenance

Uncontrolled, illegal dumping in Wadi riverbed, leading to water quality risks. 
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Ref. Control measure 
(Exisiting)

Control measure (Future) Critical limit Critical limit trigger 
for action

Validation 
of control 
measure

Final Risk

H1 Forecast announce-
ment > shutdown 
wells, clean valley

Infrastructure improvement 
(dam and other)/clean 
valley

As per 
forecast / 
JVA

200m upstream 
of impacted 
well

Yes Very 
High

H2 Shutdown wells Shutdown wells (with au-
tomated measurement of 
NTU) / new WTP in future

NTU> 5 NTU> 5 Yes High

H3 Shutdown wells Reduced catchment con-
tamination / new WTP

50 MP-
N/100ml

35 MPN/100ml Yes High

H4 Supply from Am-
man, limited NRW 

Enhanced NRW, managed 
abstraction to sustainable 
levels, improved DD/SS 
modelling

No supply 
from 
wells

No supply from 
wells

Yes Very 
High

H5 Law Law enforcement Manure in 
valley

Manure in 
valley

No High

H6 Law Law enforcement 50 MP-
N/100ml

35 MPN/100ml No High

H7 N/A Restructure and sanitation 50 MP-
N/100ml

35 MPN/100ml No Medi-
um

H8 Maintenance Infrastructure improvement NTU> 5, 
50 MP-
N/100ml

NTU> 5, 50 
MPN/100ml

No Medi-
um

H9 Maintenance Infrastructure improvement N/A Productivity of 
well

No Medi-
um

H10 N/A Construct gabions, infra-
structure improvement

N/A N/A No Low

H11 Agreements/comms Improved construction with 
impermeable septic tank, 
enforcement of agree-
ments

N/A N/A No Low

H12 None - need to 
investigate moving 
the storage facility

Improved use of wastewa-
ter, e.g to Kafreen dam, 
encourage farmers to use 
wastewater using pools

N/A N/A No Medi-
um

Table 10 Control measures and final risks for Madaba CR-WSP
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H13 Law Law enforcement 50 MP-
N/100ml

35 MPN/100ml No Very 
High

H14 Backup dosing 
system is in place, 
well infrastructure 
improvements for 
protection

Additional well improve-
ments for pretection (bud-
get dependent), cleaning 
valley, install chorine meter

1.5ppm <1.2ppm Yes Low

H15 None - no generator Install generator Y/N No High

H16 Preventative mainte-
nance programme 

Replacement programme <1 day Blocked/Broken 
infrastructure

Yes Medi-
um

H17 law enforcement, 
meter replacement

pressure management/
replacement programme/
replaced meters (needs 
survey, equipment)

NRW % 
not to 
increase

Always need for 
action

No Very 
High

H18 Preventative mainte-
nance programme 

Replacement programme NRW % 
not to 
increase

Always need for 
action

No Very 
High

H19 None Increase water supply No con-
tamina-
tion

No Medi-
um

H20 Security guards and 
CCTV

Increase capacity Y/N No Low

H21 Law enforcement Existing house consump-
tion analysis

Res Chlo-
rine  = 0, 
NH4 > 0

Water quality 

complaints

No Medi-
um

H22 Education and 
Communication, for 
example dose with 
chlorine pill

Education and Communica-
tion, for example dose with 
chlorine pill

Res Chlo-
rine  = 0, 
NH4 > 0

Water quality 

complaints

No Low

Ref. Control measure 
(Exisiting)

Control measure (Future) Critical limit Critical limit trigger 
for action

Validation 
of control 
measure

Final Risk
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Chapter 6: 
Improvement Plan (module 5)

The improvement plan summarizes 
potential improvement measures and 
outlines details about the measures so 
that significant risks can be managed. 
The improvement plan defines the 
actions needed to address specific 
risks, accountability and timelines.

If desired, the implementation plan 
can be used as an initial step towards 
developing more detailed project plans 
that show their bankability, as part of 
an overarching investment programme, 
as was done for Madaba.

The Miyahuna WSP Team developed 
the improvement plan in Table 11 
based on the risk assessment for the 
Madaba CR-WSP and then extended 
the risk assessment to include other 
measures that are needed for other 
WSS within Miyahuna’s area. The 
estimated cost should be verified 
against actual feasibility studies and 
preferred options for implementation. 
The improvement plan has also been 
used as a point of departure for the 
development of a formal proposed list 
of projects for implementation, as part 
of Miyahuna’s investment programme 
activities. These activities include 
other aspects of the CR-WSP (notably 
the development of supporting 
programmes in Module 9).

Where the risk assessment (Modules 3 and 4) has identified significant risks to the safety of a water supply 
system and demonstrated that existing (or planned) controls are not sufficient to manage the prioritized and 
uncontrolled risks, then an improvement plan (sometimes called an upgrade plan) is developed to address 
the risks that require additional control. 

©UNICEF
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Table 11

# Project Title Type Problem Definition Description Benefits Priority 
Rank 

Source est. Cost 
JOD (2019)

1
Wala WTP Infrastruc-

ture
Intermittent supply of water to 
Madaba WSS, aquifer levels decreas-
ing, additional demands on water 
resource (irrigation, Amman)

Construct new WTP to treat additional water 
resource from raised Wala Dam plus transmis-
sion line from dam to Wala station

Improved reliability of water supply to Madaba WSS, and Amman to meet 
current and projected water needs

VH Madaba CR-WSP 
Risk assessment 
(H2, H3), and NRW 
Plan, Previous study 

JOD 
21,000,000

2a
Bypass pipeline 
and coffer 
dam (Feasibil-
ity Study and 
Design)

Feasibility 
Study

Water resources availability from 
wells is intermittent, especially 
during periods of dropping water 
levels (summer)

Determine feasibility of new pipeline and 
small dam that bypasses and reduces reliance 
on wells. Concept: Pipe connection (16 inch, 
300m3/h) from filter station to bypass recharge 
wells to well 5, small (3m) dam

Improved reliability of water supply to Madaba WSS, and Amman to meet 
current and projected water needs

VH CRWSP Risk assess-
ment 

JOD 
50,000

2b
Bypass pipeline 
and coffer dam 
(Construction)

Infrastruc-
ture

Construction of pipeline and coffer dam Improved reliability of water supply to Madaba WSS, and Amman to meet 
current and projected water needs

VH CRWSP Risk assess-
ment 

JOD 
500,000

3
Treatment plant 
Ultra Filtration

Infrastruc-
ture

Water resources availability from 
wells is intermittent, especially 
during periods of flooding

Construct and install Ultra Filtration units 
to treat water in the rainy season to reduce 
bacteriological problems of greater than 5000 
unit/100 ml and turbidity greater than 30 NTU

The project improves reliability of the only water source to Madaba and 
Amman to meet current and projected water needs 

VH JOD 
1,400,000

4a
Enhancement 
of NRW Plan

Study Madaba WSS has high levels of 
Non-Revenue Water, often > 38%. 
Although some components of NRW 
plan are in preliminary stages, a 
coordinated Plan based on scenario 
analysis is needed

The NRW Plan will provide models and tools 
to support NRW decision making including: 
Zone management, age assessment, capacity 
analysis, improvement plan scenarios with 
scheduled interventions 

An enhanced NRW Plan supported by models and tools will provide 
necessary decision support for improved and cost-effective infrastructure 
improvements

H CRWSP Risk assess-
ment (H4,H19,H23)

JOD 
100,000

4b
Infrastructure 
Improvement

Infrastruc-
ture

Increase stor Replacement and maintenance of ageing infra-
structure, fixing leaks, sizing of infrastructure, 
pressure management,  improved siting of 
infrastructure (e.g. submersible pump control/
operation panels and borehole monitoring 
equipment) information, cables protected with 
piping, siting of crossing infrastructure, protec-
tion of well heads with concrete, location of 
new wells 

Lower NRW, improved reliability of supply to consumers H CRWSP Risk assess-
ment (H4,H23)

JOD 
5,000,000

3
Reservoir stor-
age at Madaba

Infrastruc-
ture

Storage facilities for Madaba are 
inadequate

Improve Capacity at Madaba Reservoir to 
from 6000m3 to 60000m3, includes additional 
reservoir and conveyor 

Improved reliability of supply to consumers M CRWSP Risk assess-
ment (H21)

JOD 
2,500,000
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# Project Title Type Problem Definition Description Benefits Priority 
Rank 

Source est. Cost 
JOD (2019)

1
Wala WTP Infrastruc-

ture
Intermittent supply of water to 
Madaba WSS, aquifer levels decreas-
ing, additional demands on water 
resource (irrigation, Amman)

Construct new WTP to treat additional water 
resource from raised Wala Dam plus transmis-
sion line from dam to Wala station

Improved reliability of water supply to Madaba WSS, and Amman to meet 
current and projected water needs

VH Madaba CR-WSP 
Risk assessment 
(H2, H3), and NRW 
Plan, Previous study 

JOD 
21,000,000

2a
Bypass pipeline 
and coffer 
dam (Feasibil-
ity Study and 
Design)

Feasibility 
Study

Water resources availability from 
wells is intermittent, especially 
during periods of dropping water 
levels (summer)

Determine feasibility of new pipeline and 
small dam that bypasses and reduces reliance 
on wells. Concept: Pipe connection (16 inch, 
300m3/h) from filter station to bypass recharge 
wells to well 5, small (3m) dam

Improved reliability of water supply to Madaba WSS, and Amman to meet 
current and projected water needs

VH CRWSP Risk assess-
ment 

JOD 
50,000

2b
Bypass pipeline 
and coffer dam 
(Construction)

Infrastruc-
ture

Construction of pipeline and coffer dam Improved reliability of water supply to Madaba WSS, and Amman to meet 
current and projected water needs

VH CRWSP Risk assess-
ment 

JOD 
500,000

3
Treatment plant 
Ultra Filtration

Infrastruc-
ture

Water resources availability from 
wells is intermittent, especially 
during periods of flooding

Construct and install Ultra Filtration units 
to treat water in the rainy season to reduce 
bacteriological problems of greater than 5000 
unit/100 ml and turbidity greater than 30 NTU

The project improves reliability of the only water source to Madaba and 
Amman to meet current and projected water needs 

VH JOD 
1,400,000

4a
Enhancement 
of NRW Plan

Study Madaba WSS has high levels of 
Non-Revenue Water, often > 38%. 
Although some components of NRW 
plan are in preliminary stages, a 
coordinated Plan based on scenario 
analysis is needed

The NRW Plan will provide models and tools 
to support NRW decision making including: 
Zone management, age assessment, capacity 
analysis, improvement plan scenarios with 
scheduled interventions 

An enhanced NRW Plan supported by models and tools will provide 
necessary decision support for improved and cost-effective infrastructure 
improvements

H CRWSP Risk assess-
ment (H4,H19,H23)

JOD 
100,000

4b
Infrastructure 
Improvement

Infrastruc-
ture

Increase stor Replacement and maintenance of ageing infra-
structure, fixing leaks, sizing of infrastructure, 
pressure management,  improved siting of 
infrastructure (e.g. submersible pump control/
operation panels and borehole monitoring 
equipment) information, cables protected with 
piping, siting of crossing infrastructure, protec-
tion of well heads with concrete, location of 
new wells 

Lower NRW, improved reliability of supply to consumers H CRWSP Risk assess-
ment (H4,H23)

JOD 
5,000,000

3
Reservoir stor-
age at Madaba

Infrastruc-
ture

Storage facilities for Madaba are 
inadequate

Improve Capacity at Madaba Reservoir to 
from 6000m3 to 60000m3, includes additional 
reservoir and conveyor 

Improved reliability of supply to consumers M CRWSP Risk assess-
ment (H21)

JOD 
2,500,000

Improvement Plan for Madaba CR-WSP.
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4
Electricity 
supply

Infrastruc-
ture

Electricity outages often result in wa-
ter supply outages due to inability to 
run pumps and other infrastructure. 
Average electricity outages of 50-60 
hrs /year

Increase the reliability of electricity by installa-
tion of generators (4) in wells area  + mainte-
nance at wala and lib (2)  

Generators will improve reliability of electricity supply, and therefore of 
water supply 

H CRWSP Risk assess-
ment (H17)

JOD 
1,100,000

5a
Infrastructure 
improvements 
at Wells

Infrastruc-
ture

Well infrastructure is often compro-
mised by flooding

A)- Re-enforcing, raising well height and other 
measures for flood risk abatement of sever-
al wells as per CR-WSP risk assessmentB) 
Building walls of gabion with  gate being the 
last two wells needing first protection 16a+16b 
wellsC) Building a room at a height of 2 m 
from the surface of the ground to prevent 
water from entering during the winter from 
the streams of Jabal Al-Areed, where the 
room contains main panels for three wells 
and SCADA control panels, which are high-val-
ue equipmentD) Rehabilitation and clean 
up the valleyE) Transferring electrical pan-
els, cables, and operating wells and scada                                                                                                                                            
       

Improved reliability of supply to consumers VH CRWSP Risk assess-
ment (H10,H11)

JOD 
100,000

5b
Standby pumps Infra-

struc-
ture

 Investigate S Amman WWW impact 
on WQ, potentially outlet diversion

 F) Standby Pumps and control panels for 
keeping the sustainability of production in case 
of failure 

H JOD 
200,000

6
Determine the 
effectiveness of 
dam injection 
wells

Study The aquifer relies on being recharged 
from various sources, notably Wala 
Dam. The principle purpose of Wala 
dam is to recharge the aquifer, 
however since it's construction there 
have been limited assessments to 
determine the actual effectiveness. 
This is more important as the dam 
silts up

This study will include the use of tracers to 
analyse recharge efficiency and proposes 
means of enhancing functionality

Enhanced aquifer recharge and reliability of supply L CRWSP Risk As-
sessment (H4)

JOD 
50,000

7
Investigate 
impact of South 
Amman WWW 
on Water 
Quality

Study Preliminary investigations suggest 
that S Amman WWW is impacting on 
water quality of catchment. Location 
is within high rainfall area of catch-
ment, exacerbating the problem

Impact Assessment to determine impact of 
WWW on Wala Catchment water quality

Improved water quality, lower treatment costs VH CRWSP Risk As-
sessment (H13,H14)

JOD 
20,000

# Project Title Type Problem Definition Description Benefits Priority 
Rank 

Source est. Cost 
JOD (2019)
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# Project Title Type Problem Definition Description Benefits Priority 
Rank 

Source est. Cost 
JOD (2019)
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8
Explore and 
consolidate al-
ternate source 
waters

Study With projected water demands, 
current sources are at risk of being 
depleted

Explore all alternate sources of water and in-
clude these in decision support assessments/
water balance scenarios of future demand and 
supply. Alternate sources will include: 

- Nationally driven alternatives (Red-Dead, 
Disi)

- Natural catchment-based solutions

- Improved water demand management

- Other possible contemporary solutions iden-
tified through literature assessment

Improved water balance, improved science and measurements for inclu-
sion in decision support

M CRWSP Risk As-
sessment (H4)

JOD 
40,000

9
Analysis of 
the runoff and 
flooding levels 
of Wala river

Study The Walla Catchment to the Dam and 
below the Dam is prone to highly 
variable, and extreme rainfall - runoff 
events, causing damage to infra-
structure and intermittent supply due 
to infrastructure loss and shutdown 
resulting from poor water quality. 

This has become more prevalent and 
will be worse with future climate 
change. There is very little insight 
into how the modified rainfall-runoff 
system could impact in future 

Rainfall-Runoff and Flood models that cater for 
enhanced climatic conditions are developed 
for the catchment to the dam, as well as for 
the catchment that impacts wells downstream 
of the dam. Additionally, topo survey, accurate 
levelling of wells, comparison of levels 

Improved insight and decision-making ability on flooding-disaster events, 
infrastructure designs and betterments to cater for climate change above 
and below the Dam

M CRWSP Risk 
Assessment (H1), 
previous study and 
recommendation 
from JVA

JOD 
70,000

10
Develop water 
resources yield 
and planning 
Decision Sup-
port System

Study Balancing water demand and supply 
in the face of numerous complex 
and ever-changing stressors is a 
challenge without support from tools 
to enhance scenario analysis and 
decision support. 

Often this leads to decisions that are 
not based on the ability of the water 
supply system. Recent additional of 
an irrigation demand without consid-
eration for the aquifer resource is a 
good example

Develop Water Balance / Systems model / 
tools to guide and develop water Supply / 
demand scenarios. Scenarios will include cli-
mate change, alternate water sources, future 
demands, user classification/priorities, current 
and desired future water security 

Improved insight and decision-making ability on balancing water demand 
and supply for operational as well as long term planning purposes

M CRWSP Risk 
Assessment (H20, 
H21, H22)

JOD 
80,000

11
Feasibility of 
solar power

Study+Infra-
structure

Electricity outages often result in 
water supply outages due to inability 
to run pumps and other infrastructure

Investigation of viability of using solar as alter-
nate source of electricity reliability, with pilot 
installations at Lib and Walla stations

Solar will improve reliability of electricity supply, and therefore of water 
supply, as well as save costs

H CRWSP Risk 
Assessment (H17), 
previous study

JOD 
70,000

# Project Title Type Problem Definition Description Benefits Priority 
Rank 

Source est. Cost 
JOD (2019)
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water supply outages due to inability 
to run pumps and other infrastructure
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# Project Title Type Problem Definition Description Benefits Priority 
Rank 

Source est. Cost 
JOD (2019)
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17
CRWSP Zara 
Ma'in

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

CR-WSP is completed for this system Water Safety Plan approach is based on risk assessment, prioritization and 
management of the water supply from catchment to consumer. Address-
ing identified hazards is prioritized in terms of their potential risk to public 
health. Where all risks cannot be immediately addressed, for example due 
to limited resources, incremental improvements should be implemented 
systematically over time. The WSP approach introduces processes to 
validate and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk As-
sessment, Section 
5-year plan

JOD 
70,000

18
CRWSP Ras Al 
Ain

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

CR-WSP is completed for this system Water Safety Plan approach is based on risk assessment, prioritization and 
management of the water supply from catchment to consumer. Address-
ing identified hazards is prioritized in terms of their potential risk to public 
health. Where all risks cannot be immediately addressed, for example due 
to limited resources, incremental improvements should be implemented 
systematically over time. The WSP approach introduces processes to 
validate and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk As-
sessment, Section 
5-year plan

JOD 
70,000

19
WSP Zai > 
CRWSP

Study (CR-
WSP)

there is a WSP study for this system Review is completed for this system Water Safety Plan approach is based on risk assessment, prioritization and 
management of the water supply from catchment to consumer. Address-
ing identified hazards is prioritized in terms of their potential risk to public 
health. Where all risks cannot be immediately addressed, for example due 
to limited resources, incremental improvements should be implemented 
systematically over time. The WSP approach introduces processes to 
validate and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk As-
sessment, Section 
5-year plan

JOD 
70,000

20
WSP Wadi El-
Seer > CRWSP

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

Review is completed for this system Water Safety Plan approach is based on risk assessment, prioritization and 
management of the water supply from catchment to consumer. Address-
ing identified hazards is prioritized in terms of their potential risk to public 
health. Where all risks cannot be immediately addressed, for example due 
to limited resources, incremental improvements should be implemented 
systematically over time. The WSP approach introduces processes to 
validate and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk As-
sessment, Section 
5-year plan

JOD 
70,000

21
WSP Abu Alan-
da > CRWSP

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

Review is completed for this system Water Safety Plan approach is based on risk assessment, prioritization and 
management of the water supply from catchment to consumer. Address-
ing identified hazards is prioritized in terms of their potential risk to public 
health. Where all risks cannot be immediately addressed, for example due 
to limited resources, incremental improvements should be implemented 
systematically over time. The WSP approach introduces processes to 
validate and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk As-
sessment, Section 
5-year plan

JOD 
70,000

# Project Title Type Problem Definition Description Benefits Priority 
Rank 

Source est. Cost 
JOD (2019)
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# Project Title Type Problem Definition Description Benefits Priority 
Rank 

Source est. Cost 
JOD (2019)
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Chapter 7: Operational Monitoring of 
Controls  (MODULE 6) 

Operational monitoring should include 
water quantity observations, which if not 
performed within the water utility, will 
require effective communication channels 
with relevant organizations to procure 
the required data and information. The 
plan ought to have specific monitoring 
parameters, critical limits and corrective 
actions for the control measures.

It is critical to monitor the effectiveness of 
validated controls against pre-determined 
targets or critical limits. Targets can be 
expressed as upper or lower limits. The 
Jordanian drinking water standard 286/2015 
(2015) defines the following key limits: free 
chlorine residual 0.2 – 1.5 mg/l residual 
chlorine after less than 15 minutes of adding 
chlorine to the water, pH of 6.5 to 8.5 and 
turbidity of < 5 NTU.

There is a difference between operational 
monitoring and compliance monitoring for 
verification (explained later in module 7) 
purposes. These differences are depicted 
in Figure 36. Operational monitoring entails 
simple and routine checks to determine 
whether a WSS is functioning within 
limits that are acceptable and within the 
performance limits defined for the control 
measure. Operational monitoring should 
be simple, rapid and routine and could be 
visual/ observable (e.g. valve position closed)

or measurable (e.g. water quality tests). 
It can also be preventative (to provide an 
early indication that a control measure is 
failing) or remedial (detects a problem after 
its occurrence to minimize the extent of 
unsafe water supply). As a minimum the 
following tests should be done as part of 
operational monitoring: turbidity, chlorine (if 
practiced) and pH (if chemical coagulation 
and /or chlorine disinfection is practiced). 
These tests provide relatively rapid results 
compared to microbiological tests take 
longer (16 to 72 hours).

For the Madaba WSS, Turbidity, pH, Total 
Coliforms and E.Coli are routinely monitored 
at all points in the WSS including the wells, 
the Wala Dam, Lib and Dhiban pump 
stations, Madaba, Al-Areed and Booster 
Lib reservoirs and at tanker filling points 
at Madaba, Lib and Dhiban (Table 12). A 
more complete list of determinands are 
assessed annually at Hidan 12A, the Wala 
Dam and Lib pump station. In addition to 
these water quality sampling monitoring, 
additional control measures defined earlier 
are monitored (Table 13).

To facilitate the monitoring of these controls 
and other incidents that could occur, 
Miyahuna uses field detection forms for raw 
water resources and for wells, tanks and 
pumping stations (Annexure 3 and 4).

Operational monitoring involves the development of mechanisms to monitor  the implementation 
of control measures to ensure that control measures continue to work effectively and as expected. A 
comprehensive operational monitoring plan includes a combination of water quality tests and analysis, 
observations and inspections.
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Asks: Is the control measure 
effectively working now?

(by the supplier and testing 
operational decisions)

Asks: Is the WSP, as a whole, 
working effectively to deliver safe 
and acceptable drinking water?

(to confirm compliance with 
standards; by supplier and 
surveillance agency)

Operational  
Monitoring 

Consumer                     
surveys

Compliance            
monitoring 

Audits

Observations (e.g. 
visual inspection)

Water sampling and 
testing 

Verification

WSP 
Monitoring 
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Figure 36 The differences between Operational and Compliance monitoring (after Jackson et al, Undated).



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN60

Table 12

Reference (JS 286/2015) 
4.1              
Table 2

4.2                                                                             
Table 3

4.3 
Table 4

4.4 
Table 5

4.4 
Table 6

4.5 
Table 7

4.6               
Table 8
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Non-Chlorinated 
Wells Class 1

Hidan 2Deep* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 5* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 7* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 9* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 12A* 1Y 1Y 1M 1M 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y
1M(s)
W(w)

M(s)
W(w)

Hidan 12B* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 13* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 15* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 17* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 18* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 16B* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 16A* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 6A* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Al-Waleh (5)* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Mix Water class 1 Whala Reservoir 1Y 1Y 1M 1M 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 2W 2W 1W 1M1M 1Y 1Y 1Y 1W

Pump station 
Lep pump station 1Y 1Y 1M 1M 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1W 1Y 1Y 1W 1W 1Q 1Q 1M1M 1Y 1Y 1Y

Deeban Pump station 1M 1M 1W 1W 1W 1M1M

Distribution 

Network 

(Reservoirs, 

Boosters 

and water 

Networks)

Madaba 
District 
(31M)

Madaba Reservoir 1M 1M 4M 4M 4M 1W 1M1M 1W

Networks Samplee 27M 27M 27M

Deeban 
District 
(16M)

Al-Areed Reservoir 1M 1M 4M 4M 4M 1M1M

Booster leb 1M 1M 4M 4M 4M 1M1M

Networks Samplee 8M 8M 8M

Tankers

Madaba Reservoir 
Filling Point** 1M 1M 1M 1M 1M

Lep filling point** 1M 1M 1M 1M 1M
Deepan Filling 
point** 1M 1M 1M 1M 1M

Tankers** 2Y 2Y 2Y 2Y 2Y
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Non-Chlorinated 
Wells Class 1

Hidan 2Deep* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 5* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 7* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 9* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 12A* 1Y 1Y 1M 1M 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y
1M(s)
W(w)

M(s)
W(w)

Hidan 12B* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 13* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 15* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 17* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 18* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 16B* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 16A* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Hidan 6A* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Al-Waleh (5)* 1M 1M
1M(s)
W(w)

M(s)
W(w)

Mix Water class 1 Whala Reservoir 1Y 1Y 1M 1M 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 2W 2W 1W 1M1M 1Y 1Y 1Y 1W

Pump station 
Lep pump station 1Y 1Y 1M 1M 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1Y 1W 1Y 1Y 1W 1W 1Q 1Q 1M1M 1Y 1Y 1Y

Deeban Pump station 1M 1M 1W 1W 1W 1M1M

Distribution 

Network 

(Reservoirs, 

Boosters 

and water 

Networks)

Madaba 
District 
(31M)

Madaba Reservoir 1M 1M 4M 4M 4M 1W 1M1M 1W

Networks Samplee 27M 27M 27M

Deeban 
District 
(16M)

Al-Areed Reservoir 1M 1M 4M 4M 4M 1M1M

Booster leb 1M 1M 4M 4M 4M 1M1M

Networks Samplee 8M 8M 8M

Tankers

Madaba Reservoir 
Filling Point** 1M 1M 1M 1M 1M

Lep filling point** 1M 1M 1M 1M 1M
Deepan Filling 
point** 1M 1M 1M 1M 1M

Tankers** 2Y 2Y 2Y 2Y 2Y

Routine monitoring programme (2020) for the Madaba WSS. 

Chemical Lab 

Field Test

Sub-Contact Test

Micro Lab 

Fixed samples from 
the same site

Random samples 
from the customers 
meter

Will be tested 
during the current 
year

*  According to 
Microbiological 
Criteria

** According to 
Jordanian MOH 
Requirements for 
ice factories

*** Will be 
dropped where 
implemented by 
WAJ

D daily 
W weekly
M monthly 
Q quarterly
Y yearly
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Ref. Process step/control measure Critical limit What Where When How Who Corrective action

MC1 Forecast announcement > shutdown 
wells, clean valley

Forecast announcement > shutdown wells, 
clean valley

Flood occurrence and 
intensity

Miyahuna Madaba Ongoing Observation Well operator Close wells

MC2 Shutdown wells Shutdown wells Turbidity Miyahuna Madaba Ongoing Field test Well operator Close wells

MC3 Shutdown wells Shutdown wells Ecoli, Turbidity Quality Dept Ongoing Lab test Miyahuna labs Close wells

MC4 Supply from Amman Supply from Amman Water demand Miyahuna Madaba Ongoing Water meter Operations Manager 
(Amman)

Alternate supply

MC5 Law enforcement Law enforcement Manure in valley On site Ongoing Observation Observation Observation

MC6 Law enforcement Law enforcement Chemicals in valley On site Ongoing Observation Well operator Law enforcement

MC7 Agreements and communication with 
mining organizations (temporary)

Agreements and communication with 
mining organizations (temporary)

Dumping On site Ongoing Observation Well operator Law enforcement

MC8 Agreements/comms (lack of wastewater 
service/septic tanks) 

Agreements/comms (lack of wastewater 
service/septic tanks) 

Overflow of tanks On site On site Observation Well operator Law enforcement

MC9 S. Amman: Monitor effluent in winter S. Amman: Monitor effluent in winter Visible On site Ongoing Observation JVA Law enforcement

MC10 Water Security: Decrease in static and 
dynamic water level )

Water Security: Decrease in static and 
dynamic water level )

Water levels On site Weekly Measurement Well operator None

MC11 Enforcement for protection of zones Enforcement for protection of zones Cattle in the valley On site Ongoing Observation Well operator Law enforcement

MC12 Illegal dumping Illegal dumping Law enforcement On site Ongoing Observation Well operator Law enforcement

MC13 Agricultural activities (petstcides/fer-
tilisers/over use of water)

Agricultural activities (petstcides/fertilisers/
over use of water)

Law enforcement On site Ongoing Observation Well operator Law enforcement

MC14 Backup dosing system is in place, well in-
frastructure improvements for protection

Backup dosing system is in place, well 
infrastructure improvements for protection

Residual chlorine Lib reservoir/PS Hourly Measurement with kit Operator Investigation

MC15 Preventative maintenance programme Preventative maintenance programme Manholes blocked On site Ongoing Complaint Operator Unblocked manhole

MC16 law enforcement, meter replacement law enforcement, meter replacement Water supply vs read-
ing of meter

Miyahuna Madaba Quarterly NRW KPIs Operations dept Meter, lines replace-
ment

MC17 Preventative maintenance programme Preventative maintenance programme Water supply vs read-
ing of meter

Miyahuna Madaba Quarterly NRW KPIs Operations dept Meter, lines replace-
ment

MC18 Security guards and CCTV Security guards and CCTV Any act of vandalism On site Ongoing Observation/CCTV Security guard Emergency Response 
Plan (ERP)

MC19 Law enforcement (unauthorised connec-
tions)

Law enforcement (unauthorised connec-
tions)

Violations Household Ongoing Observation Inspection dept (Miya-
huna Madaba)

Fines

MC20 Education and Communication Education and Communication Water Quality On site Ongoing Field test Quality unit Follow standard pro-
ecedures to correct 

Table 13
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Ref. Process step/control measure Critical limit What Where When How Who Corrective action

MC1 Forecast announcement > shutdown 
wells, clean valley

Forecast announcement > shutdown wells, 
clean valley

Flood occurrence and 
intensity

Miyahuna Madaba Ongoing Observation Well operator Close wells

MC2 Shutdown wells Shutdown wells Turbidity Miyahuna Madaba Ongoing Field test Well operator Close wells

MC3 Shutdown wells Shutdown wells Ecoli, Turbidity Quality Dept Ongoing Lab test Miyahuna labs Close wells

MC4 Supply from Amman Supply from Amman Water demand Miyahuna Madaba Ongoing Water meter Operations Manager 
(Amman)

Alternate supply

MC5 Law enforcement Law enforcement Manure in valley On site Ongoing Observation Observation Observation

MC6 Law enforcement Law enforcement Chemicals in valley On site Ongoing Observation Well operator Law enforcement

MC7 Agreements and communication with 
mining organizations (temporary)

Agreements and communication with 
mining organizations (temporary)

Dumping On site Ongoing Observation Well operator Law enforcement

MC8 Agreements/comms (lack of wastewater 
service/septic tanks) 

Agreements/comms (lack of wastewater 
service/septic tanks) 

Overflow of tanks On site On site Observation Well operator Law enforcement

MC9 S. Amman: Monitor effluent in winter S. Amman: Monitor effluent in winter Visible On site Ongoing Observation JVA Law enforcement

MC10 Water Security: Decrease in static and 
dynamic water level )

Water Security: Decrease in static and 
dynamic water level )

Water levels On site Weekly Measurement Well operator None

MC11 Enforcement for protection of zones Enforcement for protection of zones Cattle in the valley On site Ongoing Observation Well operator Law enforcement

MC12 Illegal dumping Illegal dumping Law enforcement On site Ongoing Observation Well operator Law enforcement

MC13 Agricultural activities (petstcides/fer-
tilisers/over use of water)

Agricultural activities (petstcides/fertilisers/
over use of water)

Law enforcement On site Ongoing Observation Well operator Law enforcement

MC14 Backup dosing system is in place, well in-
frastructure improvements for protection

Backup dosing system is in place, well 
infrastructure improvements for protection

Residual chlorine Lib reservoir/PS Hourly Measurement with kit Operator Investigation

MC15 Preventative maintenance programme Preventative maintenance programme Manholes blocked On site Ongoing Complaint Operator Unblocked manhole

MC16 law enforcement, meter replacement law enforcement, meter replacement Water supply vs read-
ing of meter

Miyahuna Madaba Quarterly NRW KPIs Operations dept Meter, lines replace-
ment

MC17 Preventative maintenance programme Preventative maintenance programme Water supply vs read-
ing of meter

Miyahuna Madaba Quarterly NRW KPIs Operations dept Meter, lines replace-
ment

MC18 Security guards and CCTV Security guards and CCTV Any act of vandalism On site Ongoing Observation/CCTV Security guard Emergency Response 
Plan (ERP)

MC19 Law enforcement (unauthorised connec-
tions)

Law enforcement (unauthorised connec-
tions)

Violations Household Ongoing Observation Inspection dept (Miya-
huna Madaba)

Fines

MC20 Education and Communication Education and Communication Water Quality On site Ongoing Field test Quality unit Follow standard pro-
ecedures to correct 

Operational monitoring of controls for Madaba CR-WSP.
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Chapter 8: Verify 
The Effectiveness                
of The Safety Plan                        
(MODULE 7) 
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The module demonstrates that water targets 
are being achieved (e.g. drinking-water 
quality standards), consumers are satisfied 
and that the WSP is complete, up-to-date 
and being implemented.

Verification involves three activities which 
are undertaken together to provide evidence 
that the WSP is working effectively. These 
are:

• compliance monitoring (to determine 
whether water quality meets set 
targets)

• internal and/or external auditing (to 
assess the practical implementation 
of the CR-WSP and compliance by the 
members from within and external to 
the water supply scheme – regulatory 
authorities, qualified auditors, 
assessment and compliance)

• consumer satisfaction (Checks 
to determine whether or not the 
consumers are happy with the quality 
and amount of water being supplied)

An Important distinction - verification 
monitoring (Module 7) verifies that the 
WSP as a whole is working effectively, 
whereas operational monitoring (Module 
6) determines if individual control measures 
are operating effectively.

8.1  Compliance monitoring 

Compliance monitoring is required to 
determine whether water quality (and 

quantity) meets the targets that have been 
set. Miyahuna’s Quality, Laboratory and 
Water Safety Directorate assumes overall 
responsibility for compliance through the 
implementation of a system of intensive 
control and operational programs to ensure 
that the water provided to consumers 
conforms to the specific chemical, physical, 
biological and biological standards specified 
in the Jordanian drinking water specification 
No. 286/2015.

For water quality, the Miyahuna Quality 
Section is responsible for documenting and 
keeping the compliance plan and ongoing 
monitoring up to date. The monitoring 
programme and compliance monitoring 
plan is updated by the Section annually or 
following an incident.  

Compliance monitoring is part of the 
Sections KPI’s (mainly microbial) and is 
monitored regularly by way of a monthly 
report that summarizes the main water 
quality parameters and out of ranges.  
Should the need arise, standard reports 
are supplemented with daily discussions, 
decisions and actions to maintain the 
standards. 

Using the October 2019 report as an 
example (Annexure 5), a total of 148 drinking 
water samples were taken (0 chemical tests, 
and 187 microbiology tests). For domestic 
wastewater, a total of 6 samples were taken 
(33 chemical and 12 microbiology tests). For 
non-domestic wastewater, 2 samples were 
taken (10 chemical tests). 

The purpose of Module 7 of the Madaba CR-WSP is to verify that the WSP is working 

effectively to support the consistent delivery of safe and acceptable drinking-

water. Application of methods, procedures, tests and other evaluations to determine 

compliance with the CR-WSP. 
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In addition to these samples, 242 field 
examinations, 88 chlorinated samples and 
60 non chlorinated samples were taken at 
the source, reservoir, pumping stations and 
various distribution networks in the Madaba 
WSS. 

Miyahuna uses 4 specific performance 
indicators, for which Madaba WSS recorded 
a 100% result in the month of October 

2019 as indicated in Table 14. Furthermore, 
samples for bacteriological purposes were 
analyzed as per Table 15, with a perfect 
scorecard of no out of ranges reported. 
Compliance monitoring data and reports 
are sent by the Quality Section to the 
regulator (WAJ) in accordance with agreed 
communications protocols and timeframes. 
WAJ in turn, sends monthly report to the 
Ministry of Health (MOH). 

Site Total # samples Out of range % out of range *

Pressure stations 9 0 0

Mains 9 0 0

Boosters 4 0 0

Drinking 35 0 0

Table 15 Bacteriological samples for Madaba WSS (October 2019)

Code Variable definition Performance 
index

Unit Score

OP32 Percentage of tests carried out 
on treated water from the total 
number of tests required

Tests for drink-
ing water

% of the re-
quired tests

100%

QS15 The percentage of conformity 
of chemical and bacterial tests 
carried out by the Jordanian spec-
ification No. 286/2015 of the total 
number of tests carried out

Matching the 
water pumped

% matching 100%

QS17 Percentage of matching of mi-
crobial tests to Jordanian speci-
fication No. 286/2015 of the total 
number of bacterial tests carried 
out

Matching the 
water to the 
bacterial stan-
dards

% matching 100%

QS18 The percentage of chemical tests 
matching the Jordanian specifi-
cation No. 286/2015 of the total 
number of chemical tests carried 
out

Matching water 
for chemical 
and physical 
tests

% matching 100%

Table 14 Performance indicators for Madaba (October 2019).

*The allowable percentage of non-conforming samples is less than 5%.



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN 67

8.2  Auditing 

Auditing of the CR-WSP is needed to assess 
the practical implementation of the CR-
WSP and the compliance by the members 
from within and external to the water utility. 
Although some WSPs have been competed 
by Miyahuna historically, these have not 
been mandatory and consequently they 
have not been audited. Furthermore, the 
Miyahuna WSP Section is a relatively new 
one that is in the process of developing 
its WSP competence and procedures. For 
these reasons, auditing of the WSP activities 
and WSPs themselves, has been largely 
nonexistent within the utility.

8.2.1  Internal auditing 

Nevertheless, some auditing is occurring 
at selected sites on an annual rotation 
schedule. This is accomplished mainly 
through the Inspection Form (Document 
WRW 006) (Annexure 6) which once 
complete is sent to the Manager: Quality, 
Laboratories and Water Safetywho follows 
up and directs the Operator responsible for 
the specific system. Additional unscheduled 
audit activities also occur on an ad hoc 
basis. For example, on 29 October 2019, 
an audit on water quality issues in the 
Madaba Governorate was done to ensure 
the efficiency of the implementation of 
the control program for drinking water and 
wastewater domestic and non-domestic, in 
addition to ensuring the safety of the water 
supply system in Madaba. It was also done 
to expand the regulatory programme to 
achieve the 2019 Action Plan.

8.2.2  External auditing 

WAJ is responsible for performing audits on 
all the WSS in Jordan and schedules regular 
audits according to a roster. This is not for 

specific WSPs and WSS per se, but rather 
specific sampling points.

8.2.3  Guidance for auditing 

Globally, WSP auditing and many auditing 
schemes are in their infancy in terms 
of development and implementation. 
Consequently, there is not much guidance 
to support the design and implementation 
process of a WSP auditing scheme. Auditing 
is also a relatively complex endeavor that 
requires specialist skills. Fortunately, the 
World Health Organization (2015) has 
developed a practical guide to auditing WSPs 
that has been used as a point of departure 
for the Madaba CR-WSP. Furthermore, a 
fully-fledged audit would only be possible 
after a period to allow the WSP to reach 
maturity and implementation. For these 
reasons, the purpose of this section of the 
CR-WSP is not to provide a complete and 
extensive audit of the Madaba CR-WSP, 
but rather to provide an introduction to the 
available tools, to provide a framework and 
to complete a preliminary audit.

Miyahuna should then consider ramping up 
their level of auditing for all WSS and WSPs 
in the future by pursuing the development 
and implementation of a customized WSP 
auditing scheme. The requirements for 
this have been include In the Section 
work plan. The WHO (2015) gives the 
most important considerations and 
requirements for such a scheme as: 

• audit objectives
• audit methodology
• audit scope and depth of investigation
• audit timing and frequency
• auditor qualifications
• auditor training and certification
• establishing audit criteria
• evaluating and reporting audit findings.
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Using the WHO (2015) as guidance, 
templates have been tailored for the WSP 
Section as a starting point towards auditing 
this and future WSPs (Annexure 7). The 
templates consist of what is possibly the 
most useful component of the auditing 
process namely a checklist to check whether 
the various modules correctly address the 
required elements of the WSP process.

Furthermore, the templates have been 
completed as far as possible as a preliminary 
audit for the Madaba CR-WSP. Allowance 
for more extensive auditing in the future 
has been included in the 5-year work plan 
resulting from this CR-WSP.

For future internal audits, the WSP Section 
has agreed that the internal audit team 
would consist of a representative of the 
Internal Audit Section, a member of the WSP 
Section (The Head: Laboratories Sectionwill 
fill this role for the foreseeable future) and 
external professional support. WSP auditing 
is a specific and scarce skillset, so the role 
of the external professional would be to 
develop and guide the audit scheme, as well 
as provide CR-WSP audit specific training 
to Miyahuna WSP Section. This professional 
support and training requirement for 
auditing has been included in the supporting 
programmes module of the CR-WSP.

8.3  Consumer satisfaction 

Consumer complaints are currently directed 
through the Miyahuna offices in Madaba and 
Dhiban, which are automatically connected 
to the main call center. All complaints, 
suggestion and opinions are recorded for 
all water-related affairs (Leakage, shortage 
and cut of water supply, water quality 
and sewage related issues) through an 
integrated central system. In 2018 only 5 
complaints were received for Madaba: two

were due to wastewater contamination, 
two related to turbidity and one not related 
to quality issues. In 2019 this increased to 
12 complaints; however, this was attributed 
to increased awareness and attention by 
Miyahuna in dealing with the complaints 
received.

Madaba does not currently have a consumer 
satisfaction process/plan. It is recommended 
that the customer satisfaction process that 
is well documented and already active in 
Amman is used as a template to develop a 
similar plan for Madaba. Key elements of a 
customer satisfaction plan include:

• Questionnaire 
• Trusted communication

The initiation of a consumer satisfaction 
plan has been included in the WSP Section’s 
work plan.

8.4  A quantitative framework for 
evaluating the impact of WSPs

To successfully evaluate the effectiveness 
of a WSP, a baseline against which all future 
situations can be compared is needed. 
Other than some isolated assessments, 
baselines and evaluations of WSPs against 
those baselines, have largely not been 
done in Jordan. UNICEF (2019a) tailored 
two methods to retrospectively determine 
a baseline and compared three historical 
WSPs in Jordan to their current situation, 
as well as providing a baseline for future 
evaluation of the Madaba CR-WSP. 

8.4.1  Indicators 

The first method that was tailored for 
application on this project uses an impact 
assessment methodology that was 
developed based on a conceptual framework 
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originally proposed by the Center for Disease 
Control (Gelting, 2012) and summarized 
in Setty (2019). The impact assessment 
methodology presents itself as four key 
outcomes and three impacts of the WSP 
process. Outcomes include institutional, 
operational, financial and policy change, 
while impacts include water supply, health 
and socio-economic improvements.  The 
methodology was later applied by Lockart 
et al 2014, and Kumpel et al (2018) who 
provided sets of practical indicators for 
assessing the outcomes of the WSP 
process. Essentially, the defined framework 
for evaluating the effectiveness of a WSP 
is used with a tailored set of measurable 
indicators to perform an evaluation and 
assess key WSP outcomes internally and 
benchmark their progress against the original 
goals of the WSP. 

8.4.2  WSP quality assurance tool 

The second method is a Quality Assurance 
Tool (WHO/IWA, 2013) for ensuring that 
key elements in the WSP process are not 
overlooked and that the WSP remains up 
to date and effective. The tool can either 
be used by the WSP team or by external 
assessors wanting an indication on WSP 
progress, development and implementation. 
The WHO suggests that the Tool be applied 
at least once a year, however, to date it has 
not been used in Jordan. The layout of the 
tool is closely aligned with the WSP modules 
and poses a series of questions relating 
to these modules. The Tool was tailored 
for Miyahuna and WAJ to accomplish a 
rapid baseline and QA assessment of the 3 
implemented WSPs, as well as a baseline for 
Wadi Hidan. 

©UNICEF/Christopher Herwige/2019
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Chapter 9: Preparation of 
Management Procedures (MODULE 8) 

This typically includes both Standard 
Operating Procedures (SOPs) for key 
operational activities and emergency 
response procedures. For Madaba WSS, 
these procedures typically need to:

1. Describe day to day abstraction from 
the wells and conditions under which 
abstraction would stop from all, or 
individual wells

2. Prescribe the corrective action, if an 
incident occurs,

3. Determine whether additional 
procedures or infrastructure is needed, in 
which case these would be reflected in 
the improvement plan

4. Document procedures and record 
measures taken

9.1  Emergency Response Plan 
(ERP)   

Miyahuna has a comprehensive Emergency 
Response Plan (ERP) for the company 
(version 11, dated 2007).

The purpose of the plan is to outline the 
way that Miyahuna will manage emergency 
situations which could occur at any of its 
facilities and as a result of its activities. The 
ERP contains a call out procedure (with 

guidelines for the appointment of staff as

incident managers and administrators), 
general procedures and guidance 
(dealing with numerous aspects) and 
checklists and logs (containing incident 
logs and checklists for bursts, treatment 
abnormalities, customer notification, media 
contact). These procedures are somewhat 
outdated however are still relevant and 
have consequently been internalized into 
Madaba’s operations, as summarized below.

9.2  Standard Operating 
Procedures (SOP) 

The Madaba WSS is a relatively simple one 
with a wellfield being supplied by an aquifer, 
water being pumped, stored and distributed 
through a network to some 200 000 
consumers. The Operators at Madaba supply 
water on a need’s basis either to Madaba, or 
on occasion to Amman.

The system is so straightforward that it is 
not documented in reports as such, rather 
procedures being described using published 
procedures and charts on the walls of key 
installations. 

The purpose of module 8 of the CR-WSP is to establish and document the management procedures and 
corrective actions to be followed during normal conditions, incident situations and emergencies (when 
critical limits are exceeded). 
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9.3  Management Procedures 

Current management procedures for the 
Madaba WSS may appear somewhat 
rudimentary (Table 16) but are fundamentally 
effective. The Madaba CR-WSP provides the 
necessary framework for future updates to 
the procedures, which have been scheduled 
in the WSP Section work plan. Climate 
change could specifically be addressed in 
future management procedures by (Rickert, 
et al 2019):

• Establishing protocols with other 
stakeholders using the same water 
source

• Strengthening communication between 
stakeholders

• Updating risks management and 
communication protocols.

Table 16 Management procedures for Madaba WSS.

Ref. Incident Procedure Type Corrective Action Responsibility
Response 

Time 
required

MP1
Compromised water 

supply per programme 
(hourly)

When water level 
of Walla and Lib 
reservoirs drops 
below 8000m3

SOP
Tanker/additional pump-

ing time 
Operator 1 day

MP2
Unable to supply water 
per programme (hourly)

Emergen-
cy

Import water from 
Amman

Eng. Mousa
Not > 2 
weeks

MP3 Poor water quality E.coli < SOP
Auto chlorination by 

standby operator
Operator ASAP

MP4
detection of turbidity in 

source water
>5 NTU Incident Shut down source Eng. Mousa Immediate

MP5
failure of the power 

supply to an essential 
control measure

Failure 
Emergen-

cy

Electricity Co. called. 
Sometimes there is 
another source. Old 

generator (Lib + Al sta-
tion only)

Eng. Mousa Immediate

MP5
Drop in well water 

levels 

When the drop in 
well levels results 
in a decrease in 
productivity of 

the wells 

Emergen-
cy 

Elevated to higher man-
agement to establish 

and implement projects 
to improve the efficien-
cy of water production 

Miyahuna High-
er Management 

One year 
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Chapter 10: Supporting 
Programmes (MODULE 9) 

Examples of supporting programmes 
include operator training and development, 
consumer education, research and 
development, programmes to embed the 
WSP framework in the water utility, and 

the development of staff skills. Supporting 
programmes are used to enhance staff skills 
and knowledge, fill existing knowledge gaps 
and improve the evidence base. 

The purpose of module 9 is to establish and document supporting programmes that contribute to drinking-
water safety by building institutional and individual capacity. 

# Project Title Type Problem Definition Description Benefits Priority 
Rank 

Source est. Cost 
JOD (2019)

1 Training and Develop-
ment (WSP)

Supporting Programme The WSP Section is a relatively new department within Miya-
huna, requiring training in this discipline

This supporting programme will provide the required train-
ing in relevant aspects of CR-WSP including:
1. Supporting Miyahuna and National CRWSP training
2. Developing the CR-WSP auditing skills within Miyahuna
3. Built capacity on climate change related themes
4. Induction training for new section members

Enhanced, high per-
forming WSP Section

H CRWSP Risk 
Assessment

JOD 
40,000

4b Training and Develop-
ment (Operations and 
Management)

Supporting Programme Technical skills for operating and maintaining Madaba WSS are 
possessed by only a handful of staff, exposing Miyahuna to 
undue risks when staff retire, resign

This supporting programme will provide the required train-
ing in relevant aspects of Operational and Management 
including:
1. operational procedures

Enhanced, high per-
forming Operators

H CRWSP Risk 
Assessment

JOD 
30,000

3 Maintaining contempo-
rary knowledge base

Supporting Programme WSP section and related sections are often isolated in their 
ability to gain best practice knowledge on processes

This supporting programme will provide the required 
aspects of forming alliances and communication channels 
with other organisations and individuals in similar fields 
including:
1. Development of a twining programme (WSP and other 
activities such as: asset management, quality manage-
ment)
2. Investigate application of ISO 9001 and similar systems 
to enhance knowledge management in WSP

1. Enhanced, high per-
forming WSP Section
2. Retaining institution-
al knowledge

M CRWSP Risk 
assessment 
(H21)

JOD 
2,500,000

4 Consumer awareness Supporting Programme The WSP requires some interaction with consumers to mea-
sure and miniature quality of supply

A consumer awareness programme is designed and imple-
mented. This could include: 
1. Through the Miyahuna focal point, questionnaires and 
awareness materials are designed and distributed 
2. Citizen Science projects are developed, specifically at 
schools (e.g. weather station, water harvesting, circular 
economy)

1. Consumers are 
informed to benefits of 
WSP, improved water 
knowledge, improved 
usage patterns 
2. Integrate CR-WASH 
into schools 

VH CRWSP Risk 
Assessment 
(H24)

JOD 
50,000

Table 17
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Training of operators and sensitization 
of communities, as well as research on 
changes in hazards due to climate change 
and in water resources resilience to climate 
change can be addressed in supporting 
programmes (MoWIE, 2015).

10.1  Supporting programmes

By analyzing the gap between the current 
and a desired state of the CR-WSP capacity 
and needs at Miyahuna, a list of supporting 
programmes has been developed. These 
have been reviewed frequently throughout 

# Project Title Type Problem Definition Description Benefits Priority 
Rank 

Source est. Cost 
JOD (2019)

1 Training and Develop-
ment (WSP)

Supporting Programme The WSP Section is a relatively new department within Miya-
huna, requiring training in this discipline

This supporting programme will provide the required train-
ing in relevant aspects of CR-WSP including:
1. Supporting Miyahuna and National CRWSP training
2. Developing the CR-WSP auditing skills within Miyahuna
3. Built capacity on climate change related themes
4. Induction training for new section members

Enhanced, high per-
forming WSP Section

H CRWSP Risk 
Assessment

JOD 
40,000

4b Training and Develop-
ment (Operations and 
Management)

Supporting Programme Technical skills for operating and maintaining Madaba WSS are 
possessed by only a handful of staff, exposing Miyahuna to 
undue risks when staff retire, resign

This supporting programme will provide the required train-
ing in relevant aspects of Operational and Management 
including:
1. operational procedures

Enhanced, high per-
forming Operators

H CRWSP Risk 
Assessment

JOD 
30,000

3 Maintaining contempo-
rary knowledge base

Supporting Programme WSP section and related sections are often isolated in their 
ability to gain best practice knowledge on processes

This supporting programme will provide the required 
aspects of forming alliances and communication channels 
with other organisations and individuals in similar fields 
including:
1. Development of a twining programme (WSP and other 
activities such as: asset management, quality manage-
ment)
2. Investigate application of ISO 9001 and similar systems 
to enhance knowledge management in WSP

1. Enhanced, high per-
forming WSP Section
2. Retaining institution-
al knowledge

M CRWSP Risk 
assessment 
(H21)

JOD 
2,500,000

4 Consumer awareness Supporting Programme The WSP requires some interaction with consumers to mea-
sure and miniature quality of supply

A consumer awareness programme is designed and imple-
mented. This could include: 
1. Through the Miyahuna focal point, questionnaires and 
awareness materials are designed and distributed 
2. Citizen Science projects are developed, specifically at 
schools (e.g. weather station, water harvesting, circular 
economy)

1. Consumers are 
informed to benefits of 
WSP, improved water 
knowledge, improved 
usage patterns 
2. Integrate CR-WASH 
into schools 

VH CRWSP Risk 
Assessment 
(H24)

JOD 
50,000

the project, resulting in the list in Table 17.

10.2  Possible challenges 

 The following are possible challenges 
to being able to implement some of the 
aspects of the supporting programmes:

1. Financial resources
2. Human resources
3. Management support
4. Organizational commitment 
5. less than adequate buy in 
6. Broader stakeholder engagement 

Supporting programmes for the CR-WSP
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Chapter 11: WSP 

Reviews And Revision 

Following Incidents 

(MODULE 10 and 11)

Modules 10 and 11 of the WSP framework  
review the CR-WSP a) as a planned and 
regular activity, and b) following an incident. 
The CR-WSP is kept up-to-date and effective 
through regular review and, if necessary, 
revision. This will ensure that new risks that 
threaten the production and supply of safe 
drinking-water are regularly assessed and 
addressed and that the WSP is continuously 
improved. Examples of events that may 
trigger a review of the WSP include 
new activities in the catchment, revised 
procedures, staff changes, stakeholder 
contact changes, new water supply system 
infrastructure and updates to improvement/
upgrade plans. The CR-WSP is also reviewed 

to reflect lessons learned from incidents 
and near misses. Consideration should 
be given to the cause of the incident, 
emergency or near miss and the adequacy 
of the response. This information should 
feedback into the revision of the WSP as part 
of continuous improvement. An incident is 
defined as:

• Major water quality problems or threat to 
water quality

• Violation of water quality that poses 
an acute or immediate threat to public 
health

©
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And a near miss: 

• Not an incident, but rather evidence that 
an incident may have occurred if it were 
not for some action/control

• Symptomatic of something more 
serious, good for learning and correcting

11.1  Procedure for reviews 

For the purposes of this Madaba CR-WSP, 
the procedure for modules 10 and 11 has 
been combined into a uniform procedure 
since they both deal with the review or 
revision of the CR-WSP (Figure 37). The 
WHO was consulted on this decision 
(McKeown, 2019) and it transpired that the 
WHO is in the process of merging the two 
modules in an updated version of the CR-
WSP guidelines.  

Timelines for regular reviews have been 
included in the WSP Section work plan.

11.2  Possible challenges

1. Reconvening (forming) the WSP team
2. Retaining institutional knowledge
3. Maintaining enthusiasm
4. Ensuring continual support for WSP 
5. Keeping records (of changes, data, etc.)
6. Keeping in touch with stakeholders
7. Open and honest appraisal
8. identifying cause and chain of events
9. focusing action on lessons learned rather 

than assigning blame  

A procedure has been developed for 
reviewing the CR-WSP and integrated 
into the WSP Section by including regular 
reviews in their 5-year work plan.

Figure 37 Procedure for CR-WSP reviews. 

Reference Steps in Process

Rev1 Review is triggered by an incident/event OR regular review  
Rev2 Assemble Team for review and allocate individual roles and 

responsibilities
 

Rev3 Engage communication with stakeholders  
Rev4 Agree on components / aspects of CR-WSP that require review  
Rev5 Decide on expected outcomes of the review  
Rev6 Allocate resources and timelines for the review  
Rev7 Do review  
Rev8 Implement necessary changes  
Rev9 Update Improvement plan if necessary  
Rev10 Update component of CR-WSP  
Rev11 Document changes  

Madaba WSS: Procedure for Reviews and Revisions (Module 10&11)

Version 1.0 (2019-11-27)



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN76

©UNICEF/Christopher Herwige/2018

Chapter 12

Way Forward – The Roadmap
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The Madaba CR-WSP is the first 
step towards improved planning and 
management of the Madaba WSS. The CR-
WSP should however be a “living” plan that 
is an integral part of Miyahuna’s strategic 
direction, taking guidance from Miyahuna’s 
strategic plans, and, in turn, informing 
Company policy and strategic plans.  

This section integrates the CR-WSP within 
Miyahuna by ensuring a clear link to the 
relevant components of Miyahuna and 
WAJ’s strategic plans and annual reports, as 
well as relevant national strategies, policies, 
guidelines and regulations. Additionally, 
the WSP Section needs its own roadmap 
that provides the basis of its activities in 
the immediate planning horizon (at least 5 
years). 

currently scheduled within 
this project are the following: 

Wadi Hidan (this project) 
(2019) 

Zara Ma’in (2020)

Ras Al Ain (2021)

Rusaifa (2022)

WSPS

The Madaba CR-WSP is 
the first step towards 
improved planning and 
management of the 
Madaba WSS. 

 Strategic Goals Initiatives

1 Raise the efficiency of operations  1.1 Raise the efficiency of the operation of 
water and sanitation facilities

 1.2 Reducing wastage

 1.3 Maintaining water quality

2 Improve the financial capacity  2.1 Reduce expenses or increase revenue

 2.2 Asset management efficiency

3 Development and the development of 
institutional capacities and work on 
sustainability 

 3.1 Strategic communication 

 3.2 Develop and raise the efficiency of the 
use human resources

 3.3 Improve subscribefr service levels

 3.4 Development of internal processes

 3.5 Provide a safe environment for our 
water company and its employees and 
its facitily

Figure 38 Overview of Miyahuna strategic plan 2018 – 2022.

12.1 Strategic Plan for the Jordan 
Water Company - Miyahuna (2018-
2022)

Miyahuna’s most recent strategic plan 
(2018 – 2022) outlines 3 strategic goals 
with 10 initiatives to accomplish the goals 
as indicated in Figure 38. The preparation of 
WSPs is officially allocated to the Directorate 
of Quality Laboratories and Water Safety 
under the project termed “Promote the 
concept of the central administration of 
the quality of water” within Initiate 1.3 
of Miyahuna’s strategic plan. The WSPs 
currently scheduled within this project are 
the following: Wadi Hidan (this project) 
(2019), Zara Ma’in (2020), Ras Al Ain (2021), 
and Rusaifa (2022).
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Initiative 1.1

• Once complete, each WSP will identify, specify and define elements, analysis and 
actions contributing improving the efficiency of operations (1.1) as well as expanding 
services and levels of services to new and existing customers

Initiative 1.2

• Work within a WSP on developing a communication plan to improve understanding of 
water safety, limitation of available water resources and operational constraints, and 
reducing water lost in communities

• Once aspect of the WSP – even though not explicitly specified in the WHO procedure – 
should be to look into if and how water losses in the network are identified, addressed, 
monitored and documented; and, if there is no clear/defined systematic way/program/
plan for leak detection and pipe inspection/renewal/replacement – then the WSP should 
address that issue, and assure that all relevant actions are integrated in the improve-
ment/action plan

Initiative 1.3

• Maintaining, and where required, improvement of water quality is an integrated part of 
the WSP –and relevant actions will be identified and defined and be put into the action/
upgrade plan of the WSP. This includes eventual measures suggestions on where and 
how to improve efficiency and operational procedures and costs, as well as systematic 
planning for investment costs. 

Initiative 2.1

• Having available and well established WSPs for each of the water supply system is 
essentially a platform where investment priorities, needs and actions are identified, eval-
uated, established based on evidence/science and clearly documented. WSP is a way 
of systematic and comprehensive water supply planning. Therefore, if the actions and 
projects are implemented as defined in the action/upgrade/implementation plan, this will 
assure best use and effect of available resources and best possible cost reduction and 
highest efficiency and effectiveness of the water supply system for the next 10 to 15 
years in a sustainable way. 

• It is possible, that through the WSP process, interesting, feasible and potential mea-
sures, actions and strategies are identified and developed that will help Miyahuna to 
increase revenue/new revenue opportunities. 

The WSP is also intimately linked to various initiatives in the Miyahuna strategic plan, 
including:
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Initiative 2.2

• Part/Element of the WSP is as well look at asset management – specifically as well as 
integrated part of the whole system/strategies/processes/operation. This for the pres-
ent, as well as for the future next 10 to 15 years to find the most efficient, sustainable 
and cost-effective way for the water supply system for a clearly defined area. 

Initiative 3.1

• WSPs are strategic, comprehensive and systematic planning for water supply systems. 
Therefore, they are integrated base to all strategic communication internally and exter-
nally in Miyahuna (or will/should become…..).  

Initiative 3.3

• Miyahuna uses clearly defined Key Performance Indicators (KPIs) – overall, and as inte-
grated part of the WSP processes in particular. Some of them are related to measure/
appreciate customer service levels. 

• One of the main goals of a WSP is to increase customer satisfaction and enhance water 
service levels – therefore each WSP contributes to identify and define actions, strate-
gies, measures, processes, etc. that will contribute to improve subscriber service levels. 

Initiative 3.4

• Within the process of development (or/and revision) of a WSP, internal processes related 
and linked to the work/activities/discussions/reflections will be looked at, analyzed, eval-
uated and possible improvement and adaptation measures and actions will be identified 
and defined. This will help as well to systemize some if the internal procedures as well 
as procedures/coordination with external actors/units. 

12.2  Miyahuna Annual Report

Support is given in Miyahuna’s annual report 
(2018 draft) for the WSP process as follows:

• Preparation of a water safety plan 
for water supply system of Madaba 
governorate

• Establishing the concept of planning for 
water safety as a tool for Water Quality 
Management in the company by building 
more capacity, raising awareness and 
opening channels 

12.3  National Water Strategy and 
Policies

The WAJ have developed 4 goals 
encompassing 22 objectives in total, 
as seen in Figure 39. Some of these 
goals and objectives are of relevance to 
Miyahuna’s WSP programme. Consequently, 
consideration should be giving to aligning 
Miyahuna’s activities and plans with some 
of WAJ’s goals and to supporting WAJ in 
actioning (materializing/implementing) their 
Annual Plan. 
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Strategic Goals and Objectives Water Sector Focal Points

Financial Sustainability 

Objective 1: Increase O&M cost recovery ratio for municipal water sector ASG Finance / WA J

Objective 2: Increase the share of Renewable Energy to 10% of the overall 
power supply

Director Renewable Energy and NRW Unit / WAJ

Objective 3:Reduce the overall energy consumption in public water facilities 
by 15%

Director Renewable Energy and NRW Unit / WAJ

Objective 4: Maximize Economic Return from Utilizing treated wastew ater ASG Wastewater Affairs / WAJ

Objective 5: Increase Economic Return for Water Used ASG Strategic Planning/ MWI

Goal 2:Enhance the Services of Water and Wastewater

Objective 1: Meet Stakeholder Needs for Water-Related Information and 
Decision Making

ASG Strategic Planning/ MWI 

Objective 2: Reduce Municipal Water Deficit to Improve the Equity of the 
Domestic Water Share Per Capita

ASG Strategic Planning/ MWI

Objective 3: Improve Water and Wastewater Service LeveI Institutional Performance Improvement Directorate 

Goal 3:Supply of Water to Meet the Demand for all Uses (increase efficiency)

Objective 1: To Increase the Water Use Efficiency in the Services and Indus-
trial Sectors 

Water Demand Management Directorate / MWI 

Objective 2: To increase the use of non-conventional water resources at the 
end-users side

Water Demand Management Directorate / MWI 

Objective 3: To increase the water use efficiency in the agricultural sectors Water Demand Management Directorate / MWI 

Objective 4: Increase the percentage of treated waste water used for irriga-
tion and industry

ASG Wastewater Affairs / WAJ

Objective 5: Increase the percentage of the sustainable water used for all 
purposes

ASG Strategic Planning/ MWI

Goal 4:Water Resources Sustainability and Protection

Objective 1: Implement integrated water resources management at all levels, 
including through 

HE SGMWI

Objective 2: Reduce NRW in municipal water systems Director Renewable Energy and NRW Unit / WAJ

Objective 3: Reduce NRW in irrigation water network ASG North & Middle Ghor / JVA

Objective 4: Protect the environment, health and nature ASG Laboratories and Water Quality Affairs I WAJ 

Objective 5: Increase and improve surface water resources (dams and har-
vesting ponds)

ASG Technical Affairs / JVA

Figure 39 Goals and objectives of the Water Authority of Jordan (2019)
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Strategic Goals and Objectives Water Sector Focal Points

Table 18 Roadmap / Work Plan for Miyahuna WSP Section

Objective 6: Protect surf ace water resources ASG Technical Affairs / MWI

Objective 7: Reduce Groundwater Over-Abstraction ASG Water Basin Affairs / WAJ

Objective 8: Municipal Groundwater Resources are safe and protected ASG Laboratories and Water Quality Affairs I WAJ 

Objective 9:Develoopment of available groundwater resources and 
investigation of alternatives

ASG Technical Affairs I MWI

12.4  Miyahuna WSP Section 
Roadmap

Using these higher-level strategic plans, as 
well their own draft work plans as a point 
of departure, Miyahuna WSP Section is 
able to develop its own strategy, goals and 
objectives for implementation over a defined 
target period. Ideally, a WSP should address 
the immediate planning horizon. This is 
typically a period of ca. 20 years which is 
considered enough lead time to assess and 
implement any major new infrastructure 
works (such as a dam) that could become 
part of a WSPs implementation/upgrade/
action plan. However, given that the WSP 
process at Miyahuna is in its infancy, the 

emphasis is to rather focus on the first 5 to 
10 years of a plan that will firmly establish 
adequate building blocks and clearly defined, 
logical and systematic steps for a more 
elaborate and longer-term plan. An initial 
template spreadsheet has been developed 
to provide the basis of a Roadmap for the 
WSP Section, summarized as Table 18. 
Additionally, Table 19 provides the proposed 
projects for implementation, summarized 
from the various components of the CR-
WSP. Tables 18 and 19 pertain not only to the 
Madaba WSS but provides a roadmap for all 
activities of the WSP Section over the next 
5 years.  

Goal Code Objective 19-
Dec

20-
Dec

21-
Dec

22-
Dec

23-
Dec

24-
Dec

0.WSP section 
set-up

Set-up 
activities of the 
WSP Section of 
Miyahuna

S_001 Set-up a common/shared drive/location for all WSP IT 
documents

X

S_002 Set-up a common/shared place for all hard-copy 
section documents/folders

X

S_003 Set-up a common/shared place for all WSPs - hard-
copy folders

X

S_004 Set-up on the shared drive the WSP Section IT 
folders architecture

X

S_005 Set-up: Define a Project-Nr. Logical System X

S_006 Set-up the standard IT folder structure/architecture to 
be used for every specific WSP

X

S_007 Set-up: WSP Section (or overall Miyahuna) - 
templates for meeting attendance, meeting minutes, 
monthly and annual reporting, section budget 
planning, etc.

X
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S_008 Set-up: Define a Project-Nr. Logical System X
S_009 Identify, Set-up, monitor and report on WSP Section 

KPIs and WSP Plan KPIs
X

S_010 Design and Finalize WSP Assessment/Revision 
tool(s) - QA tool, etc. 

X

1. WSP section 
functioning

One time and 
ongoing day to 
day, strategic 
and operational 
activities of the 
WSP Section of 
Miyahuna
 

F_001 Finalize and implement ToR X      
F_002 Obtain management approval for WSP Annual 

Workplan, including budget
X X     

F_003 Integrate WSPs into organizational actions, 
strategies, policies 

 X     

F_004 Raise the profile and importance of WSP with 
management, colleagues, stakeholders and 
customers 

 X     

F_005 Plan, hold and document WSP Section Meetings - 
regular meetings

X      

F_006 Improve customer satisfaction X X X X X X
F_007 Develop actions based on JWC/WAJ strategies X      
F_008 Participation in relevant extra-sectional meetings 

(Management, Planning, Operation, Finance, GIS, 
etc.)

X      

F_009 Identify, Establish and implement WSP Section SOPs X X     
F_010 Participation to field visits with other sections - 

independent of specific WSPs in process/work
X X X X X X

F_011 Establish, update and follow up on existing WSP 
Plans revisions/updates

X X X X X X

F_012 Participation on country level and Regional Meetings, 
Discussions, Policies, Laws, etc. and coordination/
active information and data exchange with WAJ, 
MWI, JVA, MoH, and other relevant external entities

X X X X X X

F_013 Monthly reporting for WSP Section (internal to who 
-> to be defined)

X X X X X X

F_014 Annual reporting for WSP Section (define to who and 
when/deadlines)

X X X X X X

2. Specific 
new WSPs / 
CRWSPs

CRWSP_N_001 Set-up: WSP Section (or overall Miyahuna) - 
templates for meeting attendance, meeting minutes, 
monthly and annual reporting, section budget 
planning, etc.

X      

2. Specific 
new WSPs / 
CRWSPs

CRWSP_N_002 Set-up: Define a Project-Nr. Logical System  X     
CRWSP_N_003 Identify, Set-up, monitor and report on WSP Section 

KPIs and WSP Plan KPIs
  X    

CRWSP_N_004 Set-up: WSP Section (or overall Miyahuna) - 
templates for meeting attendance, meeting minutes, 
monthly and annual reporting, section budget 
planning, etc.

   X   

CRWSP_N_005 Set-up: Define a Project-Nr. Logical System     X  

Goal Code Objective 19-
Dec

20-
Dec

21-
Dec

22-
Dec

23-
Dec

24-
Dec
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3. WSPs 
reviewed

CRWSP_R_001 WSP Zai > CRWSP  X     
CRWSP_R_002 WSP Wadi El-Seer > CRWSP   X    
CRWSP_R_003 WSP Abu Alanda > CRWSP    X   
CRWSP_R_004 CRWSP Madaba     X  
CRWSP_R_005 Annual QA assessment against baseline X X X X X X

4. Improvement 
plan is 
implemented

IP_001 Regular check on progress and state of actions 
and activities from WSP upgrade/implementation/
action plans - for all existing/in progress WSP plans: 
internally as WSP Section but mainly with relevant 
other sections/units of Miyahuna

 X     

IP_002 Project concept notes are prepared for funding  X X X X X
IP_003 Plan is reviewed   X X X X

5.  Funding: 
Support 
Miyahuna to 
improve financial 
capacity by 
developing 
bankable 
projects for 
investment

F_001 Summarize WSP improvement plans  X X X X X
F_002 Participation in Miyahuna's funding research with 

contribution for concept notes, project proposals, 
etc. related to WSPs and their implementation/
upgrade plans as well as other specific project 
proposals

 X X X X X

F_003 Prepare and carry-out training/sensitizing/
operationalization sessions - for groups and 
individuals - in Miyahuna (and eventually externally) 
about WSP process and it›s operationalizing within 
Miyahuna at all sections/levels

X X X X X X

6. Skills 
development

SD_001 Identify and document WSP training/sensitizing/
operationalization needs within other Miyahuna 
Sections - to assure all sections know about WSP 
processes, needs, use, importance, coordination and 
information sharing

X X X X X X

SD_002 Scanning for webinars, courses, discussion groups X X X X X X
SD_003 Explore twinning opportunities X X     

7. Verification 
of WSP 
effectiveness

E_001 CRWSP Madaba - Audit  X X X X X
E_002 TBA       
E_003 TBA       

9.Supporting 
Programmes

MP_001 Integrate awareness relating to Water Safety  X X X X X
MP_002 TBA       
MP_003 TBA       

10.Periodic 
Reviews

MP_001 CRWSP Madaba - Review  X  X  X
MP_002 TBA       
MP_003 TBA       

11.Revision 
following 
incident

MP_001 CRWSP Madaba - Revision       
MP_002 TBA       
MP_003 TBA       

Goal Code Objective 19-
Dec

20-
Dec

21-
Dec

22-
Dec

23-
Dec

24-
Dec
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Table 19

# Project Title Type Problem Definition Description Benefits Priority Rank Source est. Cost JOD 
(2019)

1 Wala WTP Infrastructure Intermittent supply of water to Mad-
aba WSS, aquifer levels decreas-
ing, additional demands on water 
resource (irrigation, Amman)

Construct new WTP to treat additional 
water resource from raised Wala Dam 
plus transmission line from dam to Wala 
station

Improved reliability of water supply to Madaba WSS, and Amman 
to meet current and projected water needs

VH Madaba CR-WSP 
Risk assessment 
(H2, H3), and 
NRW Plan, Previ-
ous study 

JOD 
21,000,000

2a Bypass pipeline 
and coffer dam 
(Feasibility Study 
and Design)

Feasibility 
Study

Water resources availability from 
wells is intermittent, especially 
during periods of dropping water 
levels (summer)

Determine feasibility of new pipeline and 
small dam that bypasses and reduces 
reliance on wells. Concept: Pipe connec-
tion (16 inch, 300m3/h) from filter station 
to bypass recharge wells to well 5, small 
(3m) dam

Improved reliability of water supply to Madaba WSS, and Amman 
to meet current and projected water needs

VH CRWSP Risk 
assessment 

JOD 50,000

2b Bypass pipeline 
and coffer dam 
(Construction)

Infrastructure Construction of pipeline and coffer dam Improved reliability of water supply to Madaba WSS, and Amman 
to meet current and projected water needs

VH CRWSP Risk 
assessment 

JOD 500,000

3 Treatment plant 
Ultra Filtration

Infrastructure Water resources availability from 
wells is intermittent, especially 
during periods of flooding

Construct and install Ultra Filtration units 
to treat water in the rainy season to 
reduce bacteriological problems of great-
er than 5000 unit/100 ml and turbidity 
greater than 30 NTU

The project improves reliability of the only water source to Mada-
ba and Amman to meet current and projected water needs 

VH  JOD 1,400,000

4a Enhancement of 
NRW Plan

Study Madaba WSS has high levels of 
Non-Revenue Water, often > 38%. 
Although some components of 
NRW plan are in preliminary stages, 
a coordinated Plan based on scenar-
io analysis is needed

The NRW Plan will provide models and 
tools to support NRW decision mak-
ing including: Zone management, age 
assessment, capacity analysis, improve-
ment plan scenarios with scheduled 
interventions 

An enhanced NRW Plan supported by models and tools will pro-
vide necessary decision support for improved and cost-effective 
infrastructure improvements

H CRWSP Risk 
assessment 
(H4,H19,H23)

JOD 100,000

4b Infrastructure 
Improvement

Infrastructure Replacement and maintenance of ageing 
infrastructure, fixing leaks, sizing of 
infrastructure, pressure management,  
improved siting of infrastructure (e.g. 
submersible pump control/operation 
panels and borehole monitoring equip-
ment) information, cables protected with 
piping, siting of crossing infrastructure, 
protection of well heads with concrete, 
location of new wells 

Lower NRW, improved reliability of supply to consumers H CRWSP Risk 
assessment 
(H4,H23)

JOD 5,000,000

5 Reservoir storage 
at Madaba

Infrastructure Storage facilities for Madaba are 
inadequate

Improve Capacity at Madaba Reservoir 
to from 6000m3 to 60000m3, includes 
additional reservoir and conveyor 

Improved reliability of supply to consumers M CRWSP Risk as-
sessment (H21)

JOD 2,500,000
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Proposed projects for implementation.

# Project Title Type Problem Definition Description Benefits Priority Rank Source est. Cost JOD 
(2019)

1 Wala WTP Infrastructure Intermittent supply of water to Mad-
aba WSS, aquifer levels decreas-
ing, additional demands on water 
resource (irrigation, Amman)

Construct new WTP to treat additional 
water resource from raised Wala Dam 
plus transmission line from dam to Wala 
station

Improved reliability of water supply to Madaba WSS, and Amman 
to meet current and projected water needs

VH Madaba CR-WSP 
Risk assessment 
(H2, H3), and 
NRW Plan, Previ-
ous study 

JOD 
21,000,000

2a Bypass pipeline 
and coffer dam 
(Feasibility Study 
and Design)

Feasibility 
Study

Water resources availability from 
wells is intermittent, especially 
during periods of dropping water 
levels (summer)

Determine feasibility of new pipeline and 
small dam that bypasses and reduces 
reliance on wells. Concept: Pipe connec-
tion (16 inch, 300m3/h) from filter station 
to bypass recharge wells to well 5, small 
(3m) dam

Improved reliability of water supply to Madaba WSS, and Amman 
to meet current and projected water needs

VH CRWSP Risk 
assessment 

JOD 50,000

2b Bypass pipeline 
and coffer dam 
(Construction)

Infrastructure Construction of pipeline and coffer dam Improved reliability of water supply to Madaba WSS, and Amman 
to meet current and projected water needs

VH CRWSP Risk 
assessment 

JOD 500,000

3 Treatment plant 
Ultra Filtration

Infrastructure Water resources availability from 
wells is intermittent, especially 
during periods of flooding

Construct and install Ultra Filtration units 
to treat water in the rainy season to 
reduce bacteriological problems of great-
er than 5000 unit/100 ml and turbidity 
greater than 30 NTU

The project improves reliability of the only water source to Mada-
ba and Amman to meet current and projected water needs 

VH  JOD 1,400,000

4a Enhancement of 
NRW Plan

Study Madaba WSS has high levels of 
Non-Revenue Water, often > 38%. 
Although some components of 
NRW plan are in preliminary stages, 
a coordinated Plan based on scenar-
io analysis is needed

The NRW Plan will provide models and 
tools to support NRW decision mak-
ing including: Zone management, age 
assessment, capacity analysis, improve-
ment plan scenarios with scheduled 
interventions 

An enhanced NRW Plan supported by models and tools will pro-
vide necessary decision support for improved and cost-effective 
infrastructure improvements

H CRWSP Risk 
assessment 
(H4,H19,H23)

JOD 100,000

4b Infrastructure 
Improvement

Infrastructure Replacement and maintenance of ageing 
infrastructure, fixing leaks, sizing of 
infrastructure, pressure management,  
improved siting of infrastructure (e.g. 
submersible pump control/operation 
panels and borehole monitoring equip-
ment) information, cables protected with 
piping, siting of crossing infrastructure, 
protection of well heads with concrete, 
location of new wells 

Lower NRW, improved reliability of supply to consumers H CRWSP Risk 
assessment 
(H4,H23)

JOD 5,000,000

5 Reservoir storage 
at Madaba

Infrastructure Storage facilities for Madaba are 
inadequate

Improve Capacity at Madaba Reservoir 
to from 6000m3 to 60000m3, includes 
additional reservoir and conveyor 

Improved reliability of supply to consumers M CRWSP Risk as-
sessment (H21)

JOD 2,500,000
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6 Electricity supply Infrastructure Electricity outages often result in 
water supply outages due to inability 
to run pumps and other infrastruc-
ture. Average electricity outages of 
50-60 hrs /year

Increase the reliability of electricity by 
installation of generators (4) in wells area  
+ maintenance at wala and lib (2)  

Generators will improve reliability of electricity supply, and there-
fore of water supply 

H CRWSP Risk as-
sessment (H17)

JOD 1,100,000

7a Infrastructure 
improvements at 
Wells

Infrastructure Well infrastructure is often compro-
mised by flooding

A)- Re-enforcing, raising well height and 
other measures for flood risk abatement 
of several wells as per CR-WSP risk 
assessment 
B) Building walls of gabion with  gate 
being the last two wells needing first 
protection 16a+16b wells 
C) Building a room at a height of 2 m 
from the surface of the ground to pre-
vent water from entering during the win-
ter from the streams of Jabal Al-Areed, 
where the room contains main panels 
for three wells and SCADA control pan-
els, which are high-value equipment 
D) Rehabilitation and clean up the valley 
E) Transferring electrical panels, cbles, 
and operating wells and scada                      

Improved reliability of supply to consumers VH CRWSP Risk 
assessment 
(H10,H11)

JOD 100,000

7b Standby pumps Infrastructure   F) Standby Pumps and control panles 
for keeping the sustainability of produc-
tion in case of failure 

 H  JOD 200,000

8 Determine the 
effectiveness of 
dam injection 
wells

Study The aquifer relies on being re-
charged from various sources, 
notably Wala Dam. The principle 
purpose of Wala dam is to recharge 
the aquifer, however since it's 
construction there have been limited 
assessments to determine the 
actual effectiveness. This is more 
important as the dam silts up

This study will include the use of tracers 
to analyse recharge efficiency and pro-
poses means of enhancing functionality

Enhanced aquifer recharge and reliability of supply L CRWSP Risk As-
sessment (H4)

JOD 50,000

9 Investigate impact 
of South Amman 
WWW on Water 
Quality

Study Preliminary investigations suggest 
that S Amman WWW is impacting 
on water quality of catchment. 
Location is within high rainfall area 
of catchment, exacerbating the 
problem

Impact Assessment to determine impact 
of WWW on Wala Catchment water 
quality

Improved water quality, lower treatment costs VH CRWSP Risk 
Assessment 
(H13,H14)

JOD 20,000

# Project Title Type Problem Definition Description Benefits Priority Rank Source est. Cost JOD 
(2019)
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6 Electricity supply Infrastructure Electricity outages often result in 
water supply outages due to inability 
to run pumps and other infrastruc-
ture. Average electricity outages of 
50-60 hrs /year

Increase the reliability of electricity by 
installation of generators (4) in wells area  
+ maintenance at wala and lib (2)  

Generators will improve reliability of electricity supply, and there-
fore of water supply 

H CRWSP Risk as-
sessment (H17)

JOD 1,100,000

7a Infrastructure 
improvements at 
Wells

Infrastructure Well infrastructure is often compro-
mised by flooding

A)- Re-enforcing, raising well height and 
other measures for flood risk abatement 
of several wells as per CR-WSP risk 
assessment 
B) Building walls of gabion with  gate 
being the last two wells needing first 
protection 16a+16b wells 
C) Building a room at a height of 2 m 
from the surface of the ground to pre-
vent water from entering during the win-
ter from the streams of Jabal Al-Areed, 
where the room contains main panels 
for three wells and SCADA control pan-
els, which are high-value equipment 
D) Rehabilitation and clean up the valley 
E) Transferring electrical panels, cbles, 
and operating wells and scada                      

Improved reliability of supply to consumers VH CRWSP Risk 
assessment 
(H10,H11)

JOD 100,000

7b Standby pumps Infrastructure   F) Standby Pumps and control panles 
for keeping the sustainability of produc-
tion in case of failure 

 H  JOD 200,000

8 Determine the 
effectiveness of 
dam injection 
wells

Study The aquifer relies on being re-
charged from various sources, 
notably Wala Dam. The principle 
purpose of Wala dam is to recharge 
the aquifer, however since it's 
construction there have been limited 
assessments to determine the 
actual effectiveness. This is more 
important as the dam silts up

This study will include the use of tracers 
to analyse recharge efficiency and pro-
poses means of enhancing functionality

Enhanced aquifer recharge and reliability of supply L CRWSP Risk As-
sessment (H4)

JOD 50,000

9 Investigate impact 
of South Amman 
WWW on Water 
Quality

Study Preliminary investigations suggest 
that S Amman WWW is impacting 
on water quality of catchment. 
Location is within high rainfall area 
of catchment, exacerbating the 
problem

Impact Assessment to determine impact 
of WWW on Wala Catchment water 
quality

Improved water quality, lower treatment costs VH CRWSP Risk 
Assessment 
(H13,H14)

JOD 20,000

# Project Title Type Problem Definition Description Benefits Priority Rank Source est. Cost JOD 
(2019)
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10 Explore and con-
solidate alternate 
source waters

Study With projected water demands, 
current sources are at risk of being 
depleted

Explore all alternate sources of water 
and include these in decision support 
assessments/water balance scenarios 
of future demand and supply. Alternate 
sources will include: 
- Nationally driven alternatives (Red-
Dead, Disi)
- Natural catchment-based solutions
- Improved water demand management
- Other possible contemporary solutions 
identified through literature assessment

Improved water balance, improved science and measurements 
for inclusion in decision support

M CRWSP Risk As-
sessment (H4)

JOD 40,000

11 Analysis of the 
runoff and flood-
ing levels of Wala 
river

Study The Walla Catchment to the Dam 
and below the Dam is prone to 
highly variable, and extreme rainfall 
- runoff events, causing damage 
to infrastructure and intermittent 
supply due to infrastructure loss 
and shutdown resulting from poor 
water quality. This has become more 
prevalent and will be worse with 
future climate change. There is very 
little insight into how the modified 
rainfall-runoff system could impact 
in future 

Rainfall-Runoff and Flood models that 
cater for enhanced climatic conditions 
are developed for the catchment to the 
dam, as well as for the catchment that 
impacts wells downstream of the dam. 
Additionally, topo survey, accurate level-
ling of wells, comparison of levels 

Improved insight and decision-making ability on flooding-disas-
ter events, infrastructure designs and betterments to cater for 
climate change above and below the Dam

M CRWSP Risk 
Assessment (H1), 
previous study 
and recommenda-
tion from JVA

JOD 70,000

12 Develop water re-
sources yield and 
planning Decision 
Support System

Study Balancing water demand and supply 
in the face of numerous complex 
and ever-changing stressors is a 
challenge without support from tools 
to enhance scenario analysis and 
decision support. Often this leads to 
decisions that are not based on the 
ability of the water supply system. 
Recent additional of an irrigation de-
mand without consideration for the 
aquifer resource is a good example

Develop Water Balance / Systems model 
/ tools to guide and develop water Sup-
ply / demand scenarios. Scenarios will 
include climate change, alternate water 
sources, future demands, user classifica-
tion/priorities, current and desired future 
water security 

Improved insight and decision-making ability on balancing water 
demand and supply for operational as well as long term planning 
purposes

M CRWSP Risk As-
sessment (H20, 
H21, H22)

JOD 80,000

13 Feasibility of solar 
power

Study+Infra-
structure

Electricity outages often result in 
water supply outages due to inability 
to run pumps and other infrastruc-
ture

Investigation of viability of using solar as 
alternate source of electricity reliability, 
with pilot installations at Lib and Walla 
stations

Solar will improve reliability of electricity supply, and therefore of 
water supply, as well as save costs

H CRWSP Risk As-
sessment (H17), 
previous study

JOD 70,000

# Project Title Type Problem Definition Description Benefits Priority Rank Source est. Cost JOD 
(2019)
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10 Explore and con-
solidate alternate 
source waters

Study With projected water demands, 
current sources are at risk of being 
depleted

Explore all alternate sources of water 
and include these in decision support 
assessments/water balance scenarios 
of future demand and supply. Alternate 
sources will include: 
- Nationally driven alternatives (Red-
Dead, Disi)
- Natural catchment-based solutions
- Improved water demand management
- Other possible contemporary solutions 
identified through literature assessment

Improved water balance, improved science and measurements 
for inclusion in decision support

M CRWSP Risk As-
sessment (H4)

JOD 40,000

11 Analysis of the 
runoff and flood-
ing levels of Wala 
river

Study The Walla Catchment to the Dam 
and below the Dam is prone to 
highly variable, and extreme rainfall 
- runoff events, causing damage 
to infrastructure and intermittent 
supply due to infrastructure loss 
and shutdown resulting from poor 
water quality. This has become more 
prevalent and will be worse with 
future climate change. There is very 
little insight into how the modified 
rainfall-runoff system could impact 
in future 

Rainfall-Runoff and Flood models that 
cater for enhanced climatic conditions 
are developed for the catchment to the 
dam, as well as for the catchment that 
impacts wells downstream of the dam. 
Additionally, topo survey, accurate level-
ling of wells, comparison of levels 

Improved insight and decision-making ability on flooding-disas-
ter events, infrastructure designs and betterments to cater for 
climate change above and below the Dam

M CRWSP Risk 
Assessment (H1), 
previous study 
and recommenda-
tion from JVA

JOD 70,000

12 Develop water re-
sources yield and 
planning Decision 
Support System

Study Balancing water demand and supply 
in the face of numerous complex 
and ever-changing stressors is a 
challenge without support from tools 
to enhance scenario analysis and 
decision support. Often this leads to 
decisions that are not based on the 
ability of the water supply system. 
Recent additional of an irrigation de-
mand without consideration for the 
aquifer resource is a good example

Develop Water Balance / Systems model 
/ tools to guide and develop water Sup-
ply / demand scenarios. Scenarios will 
include climate change, alternate water 
sources, future demands, user classifica-
tion/priorities, current and desired future 
water security 

Improved insight and decision-making ability on balancing water 
demand and supply for operational as well as long term planning 
purposes

M CRWSP Risk As-
sessment (H20, 
H21, H22)

JOD 80,000

13 Feasibility of solar 
power

Study+Infra-
structure

Electricity outages often result in 
water supply outages due to inability 
to run pumps and other infrastruc-
ture

Investigation of viability of using solar as 
alternate source of electricity reliability, 
with pilot installations at Lib and Walla 
stations

Solar will improve reliability of electricity supply, and therefore of 
water supply, as well as save costs

H CRWSP Risk As-
sessment (H17), 
previous study

JOD 70,000

# Project Title Type Problem Definition Description Benefits Priority Rank Source est. Cost JOD 
(2019)
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14 Training and De-
velopment (WSP)

Supporting 
Programme

The WSP Section is a relatively new 
department within Miyahuna, requir-
ing training in this discipline

This supporting programme will provide 
the required training in relevant aspects 
of CR-WSP including:
1. Supporting Miyahuna and National 
CRWSP training
2. Developing the CR-WSP auditing skills 
within Miyahuna
3. Built capacity on climate change relat-
ed themes
4. Induction training for new section 
members

Enhanced, high performing WSP Section H CRWSP Risk 
Assessment

JOD 40,000

15 Training and 
Development 
(Operations and 
Management)

Supporting 
Programme

Technical skills for operating and 
maintaining Madaba WSS are 
possessed by only a handful of staff, 
exposing Miyahuna to undue risks 
when staff retire, resign

This supporting programme will provide 
the required training in relevant aspects 
of Operational and Management includ-
ing:
1. operational procedures

Enhanced, high performing Operators H CRWSP Risk 
Assessment

JOD 30,000

16 Maintaining 
contemporary 
knowledge base

Supporting 
Programme

WSP section and related sections 
are often isolated in their ability to 
gain best practice knowledge on 
processes

This supporting programme will provide 
the required aspects of forming alliances 
and communication channels with other 
organisations and individuals in similar 
fields including:
1. Development of a twining programme 
(WSP and other activities such as: asset 
management, quality management)
2. Investigate application of ISO 9001 
and similar systems to enhance knowl-
edge management in WSP

1. Enhanced, high performing WSP Section
2. Retaining institutional knowledge

VH CRWSP Risk 
Assessment

JOD 50,000

17 Consumer aware-
ness

Supporting 
Programme

The WSP requires some interaction 
with consumers to measure and 
miniature quality of supply

A consumer awareness programme is 
designed and implemented. This could 
include: 
1. Through the Miyahuna focal point, 
questionnaires and awareness materials 
are designed and distributed 
2. Citizen Science projects are devel-
oped, specifically at schools (e.g. weath-
er station, water harvesting, circular 
economy)

1. Consumers are informed to benefits of WSP, improved water 
knowledge, improved usage patterns2. Integrate CR-WASH into 
schools 

VH CRWSP Risk As-
sessment (H24)

JOD 50,000

# Project Title Type Problem Definition Description Benefits Priority Rank Source est. Cost JOD 
(2019)
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14 Training and De-
velopment (WSP)

Supporting 
Programme

The WSP Section is a relatively new 
department within Miyahuna, requir-
ing training in this discipline

This supporting programme will provide 
the required training in relevant aspects 
of CR-WSP including:
1. Supporting Miyahuna and National 
CRWSP training
2. Developing the CR-WSP auditing skills 
within Miyahuna
3. Built capacity on climate change relat-
ed themes
4. Induction training for new section 
members

Enhanced, high performing WSP Section H CRWSP Risk 
Assessment

JOD 40,000

15 Training and 
Development 
(Operations and 
Management)

Supporting 
Programme

Technical skills for operating and 
maintaining Madaba WSS are 
possessed by only a handful of staff, 
exposing Miyahuna to undue risks 
when staff retire, resign

This supporting programme will provide 
the required training in relevant aspects 
of Operational and Management includ-
ing:
1. operational procedures

Enhanced, high performing Operators H CRWSP Risk 
Assessment

JOD 30,000

16 Maintaining 
contemporary 
knowledge base

Supporting 
Programme

WSP section and related sections 
are often isolated in their ability to 
gain best practice knowledge on 
processes

This supporting programme will provide 
the required aspects of forming alliances 
and communication channels with other 
organisations and individuals in similar 
fields including:
1. Development of a twining programme 
(WSP and other activities such as: asset 
management, quality management)
2. Investigate application of ISO 9001 
and similar systems to enhance knowl-
edge management in WSP

1. Enhanced, high performing WSP Section
2. Retaining institutional knowledge

VH CRWSP Risk 
Assessment

JOD 50,000

17 Consumer aware-
ness

Supporting 
Programme

The WSP requires some interaction 
with consumers to measure and 
miniature quality of supply

A consumer awareness programme is 
designed and implemented. This could 
include: 
1. Through the Miyahuna focal point, 
questionnaires and awareness materials 
are designed and distributed 
2. Citizen Science projects are devel-
oped, specifically at schools (e.g. weath-
er station, water harvesting, circular 
economy)

1. Consumers are informed to benefits of WSP, improved water 
knowledge, improved usage patterns2. Integrate CR-WASH into 
schools 

VH CRWSP Risk As-
sessment (H24)

JOD 50,000

# Project Title Type Problem Definition Description Benefits Priority Rank Source est. Cost JOD 
(2019)
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18 CRWSP Zara 
Ma'in

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

CR-WSP is completed for this system Water Safety Plan approach is based on risk assessment, prior-
itization and management of the water supply from catchment 
to consumer. Addressing identified hazards is prioritized in terms 
of their potential risk to public health. Where all risks cannot be 
immediately addressed, for example due to limited resources, 
incremental improvements should be implemented systematical-
ly over time. The WSP approach introduces processes to validate 
and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk 
Assessment, Sec-
tion 5-year plan

JOD 70,000

19 CRWSP Ras Al 
Ain

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

CR-WSP is completed for this system Water Safety Plan approach is based on risk assessment, prior-
itization and management of the water supply from catchment 
to consumer. Addressing identified hazards is prioritized in terms 
of their potential risk to public health. Where all risks cannot be 
immediately addressed, for example due to limited resources, 
incremental improvements should be implemented systematical-
ly over time. The WSP approach introduces processes to validate 
and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk 
Assessment, Sec-
tion 5-year plan

JOD 70,000

20 WSP Zai > 
CRWSP

Study (CR-
WSP)

there is a WSP study for this system Review is completed for this system Water Safety Plan approach is based on risk assessment, prior-
itization and management of the water supply from catchment 
to consumer. Addressing identified hazards is prioritized in terms 
of their potential risk to public health. Where all risks cannot be 
immediately addressed, for example due to limited resources, 
incremental improvements should be implemented systematical-
ly over time. The WSP approach introduces processes to validate 
and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk 
Assessment, Sec-
tion 5-year plan

JOD 70,000

21 WSP Wadi El-Seer 
> CRWSP

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

Review is completed for this system Water Safety Plan approach is based on risk assessment, prior-
itization and management of the water supply from catchment 
to consumer. Addressing identified hazards is prioritized in terms 
of their potential risk to public health. Where all risks cannot be 
immediately addressed, for example due to limited resources, 
incremental improvements should be implemented systematical-
ly over time. The WSP approach introduces processes to validate 
and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk 
Assessment, Sec-
tion 5-year plan

JOD 70,000

22 WSP Abu Alanda 
> CRWSP

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

Review is completed for this system Water Safety Plan approach is based on risk assessment, prior-
itization and management of the water supply from catchment 
to consumer. Addressing identified hazards is prioritized in terms 
of their potential risk to public health. Where all risks cannot be 
immediately addressed, for example due to limited resources, 
incremental improvements should be implemented systematical-
ly over time. The WSP approach introduces processes to validate 
and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk 
Assessment, Sec-
tion 5-year plan

JOD 70,000

# Project Title Type Problem Definition Description Benefits Priority Rank Source est. Cost JOD 
(2019)
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18 CRWSP Zara 
Ma'in

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

CR-WSP is completed for this system Water Safety Plan approach is based on risk assessment, prior-
itization and management of the water supply from catchment 
to consumer. Addressing identified hazards is prioritized in terms 
of their potential risk to public health. Where all risks cannot be 
immediately addressed, for example due to limited resources, 
incremental improvements should be implemented systematical-
ly over time. The WSP approach introduces processes to validate 
and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk 
Assessment, Sec-
tion 5-year plan

JOD 70,000

19 CRWSP Ras Al 
Ain

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

CR-WSP is completed for this system Water Safety Plan approach is based on risk assessment, prior-
itization and management of the water supply from catchment 
to consumer. Addressing identified hazards is prioritized in terms 
of their potential risk to public health. Where all risks cannot be 
immediately addressed, for example due to limited resources, 
incremental improvements should be implemented systematical-
ly over time. The WSP approach introduces processes to validate 
and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk 
Assessment, Sec-
tion 5-year plan

JOD 70,000

20 WSP Zai > 
CRWSP

Study (CR-
WSP)

there is a WSP study for this system Review is completed for this system Water Safety Plan approach is based on risk assessment, prior-
itization and management of the water supply from catchment 
to consumer. Addressing identified hazards is prioritized in terms 
of their potential risk to public health. Where all risks cannot be 
immediately addressed, for example due to limited resources, 
incremental improvements should be implemented systematical-
ly over time. The WSP approach introduces processes to validate 
and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk 
Assessment, Sec-
tion 5-year plan

JOD 70,000

21 WSP Wadi El-Seer 
> CRWSP

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

Review is completed for this system Water Safety Plan approach is based on risk assessment, prior-
itization and management of the water supply from catchment 
to consumer. Addressing identified hazards is prioritized in terms 
of their potential risk to public health. Where all risks cannot be 
immediately addressed, for example due to limited resources, 
incremental improvements should be implemented systematical-
ly over time. The WSP approach introduces processes to validate 
and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk 
Assessment, Sec-
tion 5-year plan

JOD 70,000

22 WSP Abu Alanda 
> CRWSP

Study (CR-
WSP)

This Water Supply System does not 
have a CR-WSP

Review is completed for this system Water Safety Plan approach is based on risk assessment, prior-
itization and management of the water supply from catchment 
to consumer. Addressing identified hazards is prioritized in terms 
of their potential risk to public health. Where all risks cannot be 
immediately addressed, for example due to limited resources, 
incremental improvements should be implemented systematical-
ly over time. The WSP approach introduces processes to validate 
and verify the effectiveness of management control systems in 
ensuring drinking-water quality and safety

H Miyahuna Risk 
Assessment, Sec-
tion 5-year plan

JOD 70,000

# Project Title Type Problem Definition Description Benefits Priority Rank Source est. Cost JOD 
(2019)
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Jordan is a dry country and many water supply systems are being 
stretched beyond their design limits. The pressures of increasing 
demand for water, lack of resources for maintenance, exacerbated 
by climate change impact on natural resources are leading to 
demand patterns that exceed the ability of the supporting water 
resources and systems to supply. The Madaba WSS is one of 
these systems, supplying some 200 000 people in the Madaba 
Governorate. Projections indicate that further increases in 
population of ca. 2% per annum, could be expected in the future. 
Other stressors include high levels of NRW mostly due to ageing 
infrastructure, and increasingly unpredictable and variable water 
resources which is becoming increasingly influenced by climate 
change. The result is that the Madaba WSS system is steadily 
experiencing more interruptions in water supply, having to reduce 
supply or import water from Amman – an already stressed system 
itself. 

To avert potential disasters, Miyahuna has been consistently 
applying all measures at its disposal however, these interventions 
are often less than required as a result of limited resources (by for 
example financial constraints). Consequently, the interventions 
have been more reactive than proactive in nature. The WHO 
climate resilient water safety planning guidelines provide a useful 
framework towards developing a proactive and adaptive approach 
to water planning and were adopted for this study. The framework 
provides guidance through the following steps:

1. Assemble the team
2. Describe the system
3. Identify hazards and assess risks
4. Determine and validate control measures, re-assess and 

prioritize risks 
5. Develop, implement and maintain an improvement/upgrade 

plan
6. Define monitoring of the control measures
7. Verify the effectiveness of WSP
8. Prepare management procedures 
9. Develop supporting programmes
10. Plan and carry out periodic reviews
11. Revise the WSP following an incident 

CHAPTER 13: SUMMARY AND RECOMMENDATIONS  

©UNICEF/Jordi Matas/2020
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• The framework has been enhanced and tailored 
wherever possible to the specific needs of Miyahuna 
and the Madaba WSS. Enhancements are largely 
based on insights gained in an assessment of 
Miyahuna’s historical WSPs which was completed prior 
to the Madaba CR-WSP and in consultation with the 
WHO. 

• The CR-WSP and the various tools that support it have 
been developed in a manner that encourages it’s use 
as a “living” plan that is used by the Miyahuna WSP 
Section to support its endeavors over the planning 
horizon. the plan and tools are detailed for Madaba 
but are generic enough to be used as a “point of 
departure” template for other future WSPs. 

• The report describes the official internal WSP Section, 
and extended Team for this Madaba CR-WSP. Although 
Miyahuna has been involved with several WSPs 
since 2006, the Section was only formally constituted 
recently in 2017. Being a relatively young Section, it 
is still evolving and developing towards full strength. 
With this in mind, a terms of reference, standard 
operating procedures and work plan was developed 
for the Section, in parallel to the CR-WSP. 

• The Madaba Water Supply System begins in 
the catchment above Walla Dam. Mean Annual 
Precipitation averages ca. 280 mm, mostly during 
the winter season. The Hydrology of the catchment 
is characterized by intense high rainfall runoff events 
of up to a measured 1150m3/s, with a potential 
maximum flood of 2081m3/s. These extreme events 
cause increased sedimentation (316,000 m3/a) into 
the Dam (with impacts on water quality and recharge 
of the aquifer) and infrastructure failure, leading to 
supply being compromised around 5 times per year 
for periods extending up to weeks at a time. Normal 
average inflow is around 20 Mm3/a. 

• The Dam’s main purpose is to recharge the underlying 
aquifer and maintain water supply via. 15 wells about  
7km downstream of the Dam. However, recharge of 
the aquifer is increasingly being compromised by 
sedimentation interfering with the recharge system. 

Consequently, well productivity is often well below 
their potential, and productivity is decreasing over 
time. In 2016 the wells were generally producing water 
at or near their maximum capacity, however rates have 
generally declined ever since. Regardless of individual 
well productively being compromised, actual 
abstraction from the wells as a collective, has steadily 
increased since inception. Abstraction started in 1991 
with 1.4 Mm3/a from two wells and has increased 
to around 11 Mm3/a from 17 wells. Results from 
this study show that at current (2019) supply levels, 
abstraction has now reached an all-time maximum, 
and exceeds 12 Mm3 per year. This is of major concern 
since it exceeds the ability of the aquifer to sustainably 
recharge itself. Abstractions of more than the safe 
abstraction rate of 10.5 Mm3 per year will result in 
steady drawdown of the aquifer. The town of Madaba 
is highly reliant on this sole source of water. The 
system is currently over allocated, resulting in aquifer 
levels dropping and potentially being unsustainable in 
the future. 

• After abstraction from the wells, water is pumped 
via a 800mm dia. pipe to the Wala pump station 
with storage of 6,000 m3. From Wala, water is either 
pumped to supply Dieban via a 200 mm dia. pipe, 
or via a 800mm dia. Pipe to the Lib pump station 
and storage (6,000m3) for onward distribution via. A 
600mm dia. Pipe to Madaba (6,500 m3 storage) and 
Areedh & Mlaih via the Lib booster. Madaba supply 
area is supplied with water once a week (sometimes 
twice) according to a schedule. 

• Although increasing water use is partly attributable 
to increasing domestic consumption (now at around 
115 lcpd) and Non-Revenue Water (close to 50%), of 
concern is that assigning additional users appears 
to be done in a haphazard manner without due 
consideration of whether the system is able to supply 
additional requirement in a sustainable manner. A 
case in point is the recent allocation of well number 5, 
one of the most productive wells, from potable water 
to irrigation. The practice of unplanned re-allocations 
that are not based on scientific resource adequacy 
investigations will surely lead to inadequacies in the 



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN96

sustainability of the aquifer and Dam to supply water 
at the required levels. 

• To identify hazards and risks to the water supply 
system, a 5 X 5 semi quantitative hazard, risk and 
vulnerability assessment tool was developed and 
applied for the entire supply chain from source 
catchment to consumer. The tool considers the 
likelihood that the hazardous event will occur and 
evaluates the severity of the potential consequences. 
Risks are prioritized depending on their significance. 
The tool has been developed in a generic fashion to 
not only support the Madaba CR-WSP, but future WSPs 
as well. To this end, it includes a “library” of supporting 
tables that can be used as a point of departure for 
identifying and dealing with hazards in an effective 
manner. Initially 22 hazards were identified, 7 of which 
were classified as very high, 4 as high, 9 as medium, 
and 2 as low. After the application of control measures, 
only 5 risks are classified as very high, 5 as high, 7 as 
medium, and 5 as low.  The highest ranked hazards are 
mostly attributable to flooding (quantity and quality) 
and infrastructure adequacy (ageing infrastructure, 
pipe breaks, inadequate maintenance and theft) and 
illegal dumping of waste/agricultural activities. 

• Based largely on the unmanaged residual risks, 
23 interventions have been proposed in the 5-year 
improvement plan with specific interventions to 
ensure sustained future water supply. These are 
mostly infrastructure or scientific or feasibility studies 
to inform future infrastructure investments.  The 
improvement plan has been incorporated in the 
WSP Sections work plan, as well as a proposed list of 
projects for implementation. These are included in the 
recommendations below. 

• Miyahuna, and specifically the Quality Section 
have a formal pre- existing world class compliance 
monitoring process that the Madaba CR-WSP relies on 
for monitoring of controls. For Madaba, targets for the 
maintenance of continuous chlorine residual, a critical 
limit are 0.2 – 0.5 mg/l residual chlorine, pH of 6.5 to 7.0 
and turbidity of <1NTU. Other than intermittent quality 
problems associated with flooding, the water quality 
for Madaba mostly meets the required standards.

• To verify the effectiveness of the Madaba CR-WSP, and 
other WSPs several tools that assess fit for purpose 
indicators and other quality assurance aspects have 
been developed and applied. Some ad hoc auditing 
is done by Madaba for the WSS; however, this is not 
part of a formal system. Using information from the 
WHO, guidance templates have been developed for 
Miyahuna, and applied in a preliminary manner for the 
Madaba CR-WSP. To ensure sustained effort, auditing 
has been incorporated into the WSP Sections work 
plan.

• Management procedures have been collated for 
Madaba CR-WSP. These are largely based on pre-
existing procedures. 

• A list of potential supporting programmes has been 
developed for Miyahuna Section and included in the 
recommendations below. 

• A process for reviewing and revising the CR-WSP is 
included.

The following is a list of the more critical 
recommendations culminating mostly from the 
improvement plan, supporting programmes, investment 
projects and supporting programmes sections, mostly 
contained in the roadmap.  

13.1 Recommendations 



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN 97

and develop plausible demand – supply scenarios 

5. Explore the enhancement and localization of the 
NRW Plan for Madaba WSS

6. Review and upgrade existing WSPs to CR-WSPs, and 
develop CR-WSP for those WSS where they do not 
exist 

7. Investigate the impact of South Amman wastewater 
works on Water Quality

13.1.4 Supporting programmes 

1. Work towards establishing internal review/auditing 
process, as well as support national review initiatives 

2. Develop closer relationship with consumer to assess 
satisfaction, and improve their understanding 
through education 

3. Explore the use of twinning arrangements with other 
utilities to improve knowledge  

4. Asset management as a tool to support NRW  

5. Procure CR-WSP specific training, especially relating 
to auditing 

6. Work towards integrating awareness relating to water 
safety (work with organizations, schools)

13.2 Remaining challenges

Some interventions are not in direct control of Miyahuna 
and could remain a challenge for the foreseeable future. 
These include:

1. Illegal dumping

2. Agricultural activities

3. Unauthorized connections

13.1 Recommendations 

13.1.1 Water resource

The aquifer resource needs to be managed wisely. 
Abstraction should be managed to not exceed 9 Mm3/a. 

13.1.2 Infrastructure betterments 

1. Miyahuna should support the construction of a 
treatment plant near the Dam to improve water 
security by using additional resources from the raised 
dam

2. Construction of bypass pipeline and coffer dam to 
reduce the reliance on the wells (Feasibility Study and 
Design will be required first)

3. NRW: Other than over exploitation of the aquifer, 
improved management and implementation of NRW 
activities is possibly the most critical intervention 
required. This includes replacement, rehabilitation, 
pressure management, enhancing infrastructure to 
reduce NRW, guided by the NRW plan 

4. Infrastructure improvements at wells: Re-enforcing, 
raising well height and other measures for flood risk 
abatement of several wells 

13.1.3 Investigative assessments 

1. Enhanced understanding of the effectiveness of 
injection wells

2. Exploration of the national water supply options 
in more detail and incorporate into scenario 
assessments for Madaba WSS

3. Improved science on rainfall-runoff processes to 
inform catchment-based measures to improve water 
availability and flood management, determine the 
source and impact of high turbidity on wells

4. Develop water balance tool / systems model to guide 
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ANNEXURES

Annexure 1: Detailed flow chart of Madaba WSS.
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Annexure 2: Supply Schedule for Madaba.

Madaba Water Management/water Company

Summer Water Role Programme 2019

Some pumping areas have not been completed in LH, GR and are reviewed as the completion of the separation and 
provisioning processes.

1.  District of Qasaba Madaba/Kasbah Madaba, Green Wemaain and Al Faisaliah District

Num-
ber

Region
Start pumping End of pumping

Region
Day Time Day Time

1 Madaba Higher (agriculture District/Church of the 
Apostles/Governorate roundabout/Municipality round-
about/Directorate of Education)

Saturday 8 am Sunday 8 am GR1

2 Eastern District Saturday 11 at night Monday 11 am GR4

3 /German University/Green
Al-Mashqish/Granada/Arish/Green/Alsian/Eastern 
Green

Saturday
Sunday

10 at night
8 am

Sunday 
Monday

10 am
8 am

HH1.7

4 Al-Gharbia/Western Safety/Middle safety/Al Rashad/
AL Khattabi/Clinics/Industry District/Hanina/Jubail

Monday 8 am Wednesday 8 am LH1.2.3.4

5 Oriental safety Monday 10 am Tuesday 10 am GR 8

6 Eastern Region (tel/saffron/SHARQIA/Daleel al-Mu-
hairat/sofa/back/farm Road dialogue/al-HABRABJ)

Monday 10 at night Wednesday 10 at 
night

HE

7 North Jaloul/South Jaloul/Industrial city Monday 8 at night Tuesday 8 at night LH5

8 Teamwox (Professional + quarter wheel + Abu Sharif) Tuesday 10 at night Wednesday 3 pm GR7

9 The Martian (American University + Sports City + 
al-Hayah + sofa + Hilalieh + rally)

Tuesday 8 am Tuesday 10 at 
night

GR11

10 Karim Residence/Khalidiya/Abu Hayana/development
/AL Faiha/Turkoman/Harouya/Ma’in Road

Wednes-
day
Thursday

10 at night
10 am

Friday 6 am
10 am

HH6.4.3 + 
LH6

11 Faisaliah Friday 8 am Saturday 8 am HH2

12 Madaba (West District/Camp) Friday 8 am Saturday 8 am GR2.5

13 High Reservoir Friday 8 at night Saturday 10 am LH7

14 Ma'een Kamel/al-Ma'idi District Friday 10 at night Saturday 10 at 
night

HH5
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2.  Maliha District, Kaza of Larayedh

Num-
ber

Region
Start pumping End of pumping Number 

of hours 
of pump-
ingDay Time Day Time

1 Al- return –Line 6 – Maliha – al- Khdour District – Low-
er Assi – Al -Association district – Health Center

Saturday 7 at night Sunday 7 am 14

2 Al-Hayadh- Jabal Road - al Safa al Damleh Sunday 7 am Monday 12 am 20

3 Al-Mansefa – Eastern Hebeadh – al  -Ashib – housing – 
al-Mukarramah–Harthein-Marihima

Monday 7 am Tuesday 7 am 24

4 Jabal al-Marejmeh Tuesday 7 am Wednesday 7pm 24

5 Al-Jabal/Mkower – el- geher – Mlih–al-Assi Wednes-
day

7 am Thursday 8 am 25

6 Al-Assi al-  Waala  – al- Ghadeer  – Al -Pilgrims district 
–al-Tulabah District – al- hamawsa and Gharawat  – 
al-Sarayreh Amreya Al Ameriya-Tawihat

Thursday 8 am Friday 8 am 39

7 Al-Ghurween line  -al-Malta'a line-East district behind 
Health center - Farm line  - Factory Road  - improving 
Al Hawajam

Friday 8 at night Saturday 8 at night 25

3.  Theban Brigade District

Num-
ber

Region
Start pumping End of pumping Number 

of hours 
of pump-
ingDay Time Day Time

1 Al Qasimia – Hay Alhawoura District, Eastern District, 
al-Antiquities District, civil defense

Saturday 6 am Sunday 6 am 24

2 Al  -Nahda – Umm al-Jamin  -al- Tamimi neighborhood 
– al- Iskan District

Sunday 6 am Monday 6 am 24

3 Al-Jadat al  -Jedai'a-Alhanaa District  -Al -Mail District Monday 6 am Tuesday 6 am 24

4 Aley/al-Municipality High District/school for Girls – 
Falah al-Owaideh Dist. al-Bakery Neighborhood

Tuesday 6 am Wednesday 6 am 24

5 Brother Wednes-
day

6 am Thursday 6 am 24

6 Al-Hahaiyan Housing district Thursday 6 am Friday 6 am 24

7 Al-Thihiba-Alowaida District-  alshobkeh Friday 6 am Saturday 6 am 24
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*A  critical  b requirements c additional  requirements     

** Points scored when detected are determined, so that the top points are fully recorded if the situation is positive, and a percentage of the upper 
limit is recorded below zero if the situation is negative.

100: No risk to the water source, 85-99: low risk, 70-84: average risk, below 69: There is a high risk to the water source.

Annexure 3: Field detection form for water resources (translated and adapted from Arabic)

2.  Field information:

Number Item Points 
scored**

Upper 
limit

Reviews

A

1 Water source by fence and gate sealed. 10

2 The water source cavity is surrounded by a discreet 
terrace that is free of cracks and cracks.

10

3 The water source slot is tightly closed. 10

4 The water source opening is less than 30 cm above 
ground level.

10

5 Water quality is monitored by collecting samples ac-
cording to the regulatory program prepared for this.

10

6 There is a panel showing the location of the sampling 
from the water source

5

7 The absence of absorbent pits in the area near the 
water source at a distance of not less than 100 m or 
the presence of a sewage system designed to do not 
affect the water source.

5

8 Do not release or discharge sewage, sludge or solid 
waste in the area around the source.

5

1.  Information about the site

Disclosure Date:
-------------------------------------------------------

Location name:
-------------------------------------------------------

Entitled:
-------------------------------------------------------

Responsible
-------------------------------------------------------

Admin:
-------------------------------------------------------

Source production capacity (m3/s):    -------------------------------------------------------

The source of the water:   -------------------------------------------------------
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Urgent recommendations

1.
-----------------------------------------------------------------------------------------------------------------------------------------------------

2.
-----------------------------------------------------------------------------------------------------------------------------------------------------

3.
-----------------------------------------------------------------------------------------------------------------------------------------------------

Number Item Points 
scored**

Upper 
limit

Reviews

B

9 There is a warning sign to prevent approaching the 
first protection range of the water source.

5

10 Pollution-causing activities (social, recreational or 
otherwise) are far from the limits of the source's first 
protection.

5

11 The well yard is devoid of stagnant water. 5

12 The guard room and the absorbent hole are located 
beneath the water source and are completely solid.

5

13 Source water is not used illegally (bottling of tanks, ...). 5

14 The public pumps are maintained, work well without 
diversion, and are surrounded by a discreet terrace.

4

15 Electrical cables are protected. 3

16 The control panel is maintained and is located alone in 
a suitable location.

3

100

Signature Date

Detection team:

1.

2.

3.

Head of Quality
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Annexure 4: Field detection form for wells, tanks, posters and pumping stations (translated and 
adapted from Arabic)

1.  Information about the site

Disclosure Date:
-------------------------------------------------------

Location name:
-------------------------------------------------------

Entitled:
-------------------------------------------------------

Responsible
-------------------------------------------------------

Admin:
-------------------------------------------------------

Site power  (m3/s):    ------------------------------------------------------- Capacity  (m3):    ---------------------------------------------------

Sources from which the site feeds:   -------------------------------------------------------

2.  Field information:

The gov-
ernment’s 
support for 
the govern-
ment

Number Item Points 
scored**

Upper 
limit

Reviews

A

1 There is a secure fence around the campus, 
and it has a sealed gate.

11 1

2 There is security on the site or surveillance and 
cameras are available around the site.

11

3 The reservoir gate is maintained and sealed. 10

4 Hobby openings are properly exposed, and 
there are proper and maintained networks 
covering the vents.

5

5 The body of the tank is free of structural defects 
such as cracks, cracks, and corrosion.

4

6 There is a program to clean the tanks on site. 4

7 The tank is free of sediment and rust. 4

8 There are records to document the traffic of the 
site.

4

*A  critical  b requirements c additional  requirements     

** Points scored when detected are determined, so that the top points are fully recorded if the situation is positive, and a percentage of the upper 
limit is recorded below zero if the situation is negative.

100: No risk to the water source, 85-99: low risk, 70-84: average risk, below 69: There is a high risk to the water source.
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The gov-
ernment’s 
support for 
the govern-
ment

Number Item Points 
scored**

Upper 
limit

Reviews

A

9 Water quality is monitored by collecting 
samples according to the regulatory program 
prepared for this.

10

10 There is a dashboard showing the location of 
the sampling.

4

11 Chlorine screening devices are available on 
site.

4

12 There are records to record daily checks if 
necessary.

4

13 The site is designed to allow the sewage system 
to interfere with the water system.

5

14 The operating pumps are maintained and do not 
seep from them.

2

15 The pump room is suitable and maintained. 2

16 Electrical cables are protected. 2

17 The control panel is maintained and is located 
alone in a suitable location.

2

18 The chlorine chamber is suitable. 2

19 Chlorine cylinders are properly maintained and 
stored.

2

20 The site's courtyard is devoid of stagnant water. 2

21 The site's campus is devoid of the growth of 
herbs that provide the opportunity for insects 
and reptiles.

2

C 21 The site's campus is devoid of the growth of 
herbs that provide the opportunity for insects 
and reptiles.

2

21 The site's campus is devoid of the growth of 
herbs that provide the opportunity for insects 
and reptiles.

2

The government’s support for the government’s work in the country 100
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Urgent recommendations

1.
-----------------------------------------------------------------------------------------------------------------------------------------------------

2.
-----------------------------------------------------------------------------------------------------------------------------------------------------

3.
-----------------------------------------------------------------------------------------------------------------------------------------------------

4.
-----------------------------------------------------------------------------------------------------------------------------------------------------

5.
-----------------------------------------------------------------------------------------------------------------------------------------------------

Signature Date

Detection team:

1.

2.

3.

Head of Quality

INTRODUCTION 00

PERFORMANCE INDICATORS 00

QUALITY DEPARTMENT 00

LABORATORY DEPARTMENT 00

QUALITY ASSURANCE UNIT 00

DEPARTMENT OF WATER SAFETY 00

INFORMATION 00

Annexure 5: Monthly WQ report (translated from Arabic)

Contents
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Introduction

We attach the monthly report of the Directorate of Quality, Laboratory and Water Safety 
at Jordan Water Company, which contains the most important achievements made by the 
Directorate during the month of October 2019.

The department of water quality and maintenance of its quality is a goal of the Directorate, 
where the Directorate is responsible for monitoring the quality of drinking water from its 
source and even the citizen meter, as well as monitoring the quality of wastewater domestic 
and non-household to make sure that it conforms to the standard specifications in force, and 
does so through integration Performance between its different sections.

This report shows that drinking water and household and non-household wastewater 
conform to the standards set in the Jordanian specifications in force.

Director of the Directorate of Quality, Laboratory and Water Safety

M. Magda Al-Zoubi

Performance Indicators

Monitoring the quality of drinking water from the source to the citizen’s meter is a priority 
of our water company’s Quality, Laboratory and Water Safety Directorate through the 
implementation of a system of intensive control and operational programs to ensure 
that the water provided to citizens conforms to specific chemical, physical, biological and 
biological standards that achieve a water quality that complies with Jordanian drinking water 
specification No. 286/2015.

The table below shows the matching of samples of chlorinated drinking water in the capital 
and Madaba provinces, and each of the Mahas brigade and al-Fahis to the total samples 
collected in general during the month of October, noting that these indicators are sent to our 
water company’s business planning unit.
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Quality Department

The Quality Department is responsible for 
implementing the monitoring program on 
the sources and regulations of the supply of 
drinking water within the scope of the jordan 
water company/our water company, in order 
to achieve the requirements of the applicable 
specifications, and the department follows 
up all transactions related to water quality of 
complaints, leakage and pollution cases in 
both the capital governorate, Madaba, The 
Mahas Brigade and al-Fahis.

On the other hand, the department is 
implementing control programs on non-

domestic wastewater, which include 
industrial and commercial facilities and car 
wash stations in the capital governorate, 
Madaba governorate, General Mahas and 
Al-Fahis.

Number of samples and field tests

Table 2 shows the number of samples 
collected, in addition to the number of field 
tests carried out by the department for 
sources, reservoirs, pumping stations and 
various distribution networks in amman, 
Madaba, Zarqa, Mahas Brigade and Al-Fahis.

Index value Unit Variable definition Performance 
index

Variable 
code

Mahis and 
Fhais

Madaba Amman

100% 100% 100%

% of the re-
quired tests

Percentage of tests carried out on 
treated water from the total number 
of tests required

Tests for drink-
ing water

Op32

100% 100% 99.7%

% matching The percentage of conformity of 
chemical and bacterial tests carried 
out by the Jordanian specification 
No. 286/2015 of the total number of 
tests carried out

Matching the 
water pumped

QS15

100% 100% 99.91%
% matching Percentage of matching of microbial 

tests to Jordanian specification 
No. 286/2015 of the total number of 
bacterial tests carried out

Matching the 
water to the 
bacterial stan-
dards 

QS17

100% 100% 99.72%
% matching The percentage of chemical tests 

matching the Jordanian specifica-
tion No. 286/2015 of the total number 
of chemical tests carried out

Matching water 
for chemical 
and physical 
tests

QS18

Table 1 Performance Indicators for the Directorate
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Governorate Total number 
of samples

Number of 
field examina-
tions

Number of 
chlorinated 
samples

Number of 
non-chlorinat-
ed samples

Amman 1047 2444 888 159

Madaba 148 242 88 60

Blue 176 706 136 40

Mahis and Fhais 49 240 33 16

Capital Governorate 

Number Site Total # sam-
ples 

# samples out 
of range

% out of 
range *

1 Pumping stations 184 1 0.54

2 main reservoirs 100 0 0

3 Boosters 46 0 0

4 Chlorinated resources 
and tankers

6 0 0

5 Public Drinking 378 0 0

                    Total 714 1 0.14

Name of the of-
fending sample

Date of viola-
tion

Confirmation 
date

Procedures

Al-Zara Park 
Pumping Sta-
tion Ma'in

31/10/2019 04/11/2019 The operational status of the 
station has been reviewed 
for the date of the offending 
sample

Monitor the quality of drinking water bacteriology 

Table 3 shows the collection of drinking water samples from the water network of the capital 
governorate, and table 4 for Madaba governorate respectively, which was examined in The 
Jordan Water Company laboratories during this month for the purposes of testing for a 
bacterial.

Table 2

Table 3

Number of samples and field tests for Amman, Madaba, Zarqa, Mahas Brigade and Al-Fahis)

Matching bacterial samples from the network
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Madaba Gov

# Site Total # sam-
ples

Out of range % out of 
range  *

1 Pressure stations 9 0 0

2 Mains cabinets. 9 0 0

3 Boosters 4 0 0

4 Drinking 35 0 0

                    Total 57 0 0

 The Brigade of Mahas and Al-Fahis

The No. The location. Total number 
of inuated

Number of 
offending 
samples

Percentage of 
samplesviola-
tions *

1 Pressure stations 17 0 0

2 Entrance to Al-Fahis 
Station - Sharia

4 0 0

3 Public Drinking 11 0 0

                    Total 32 0 0

TheNo. The location. Total number of 
inuated

Number of offending 
samples *

1 Pressure stations 39 0

2 Chlorinated wells 5 0

                    Total 44 0

Table 4

Table 5

Table 6

Matching bacterial samples from the network _ Madaba Province

Matching germ samples from the network _ Maghas and Al-Fuhes

Matching bacterial chlorinated samples _ Zarqa Governorate

*The allowable percentage of non-conforming samples is less than 5%.
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Check new water lines and networks 

Table7 shows the length of the water lines (new networks + new subscriptions) which were 
examined during the month in addition to the cost of these tests for both the capital and the 
provinces of Madaba and Zarqa, The Mahas Brigade and Al-Fahis. 

• There are no lines for both the Mahas brigade and al-Fahis for this month..

Stop and re-pumping

The prov-

ince

Number of 

samples

Total 

number of 

tests

Number of 

field chem-

ical tests / 

field exam-

ination

Number of 

bacterial 

tests on 

samples/

bacterial 

testing

Total 

lengths/m

Cost/JD

Amman 129 313 258 55 15923 6490

Madaba 22 66 44 22 10346 1830

Blue 18 49 36 13 2405 660

The 
prov-
ince

Site Stop date Stop type Reason for suspension Re-pump-
ing date

Zarqa

Well of The 
Pier 17

22/09/2019 And I'm 
going to 
have to

Wastewater flooding 
next to the well in ques-
tion

01/10/2019

Al-Naba'a 
Well 2

09/10/2019 And I'm 
going to 
have to

For violating the results 
of the microbial samples 
collected on 08/10/2019 
to the microbiological 
standards for the quality 
of raw water for drinking 
water sources and mini-
mum treatment require-
ments for the exploita-
tion of those sources

15/10/2019

Table 7

Table 8

Length of lines, number of tests and cost in the three provinces, The Mahas Brigade and Al-Fahis

Suspensions and re-pumping



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN 115

Dealing with cases: quality complaints, leakage and pollution

The Quality Department dealt with a range of cases of water quality complaints, where all the 
necessary operational procedures were taken for complaint samples, and laboratory water 
tests were carried out to ensure that they conformed to the Jordanian standard of drinking 
water, and the refore the most important data related to these cases:

The province Number of 
complaints

Stop date Stop 
type

Reason for suspension
Re-pumping date

Amman 18
2_Java
_Mountain of 
Victory
(Mrs. Zainab)

36.7

Table 9 Incidents of quality complaints 

The 
prov-
ince

Site Stop date Stop type Reason for suspension Re-pump-
ing date

Zarqa

Well Of 
The Pier 
10

15/10/2019 Precau-
tion

Flooding of rainwater in 
the stream of the torrent 
adjacent to these wells

31/10/2019

Well of The 
Pier 17

Al-Naba’a 
Well 2

No incident smell/odour 

Internal

Turbidity

WW
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The        
province

Number of 
complaints

Stop date Stop 
type

Reason for suspension
Re-pumping date

Zarqa 10

4_Mount Prin-
cess Rahma
_ Commercial 
center
(KingMoham-
med V)  
_ Commercial 
center
St.   Qasim 
Boulad.
_Al-Hussein 
Neighborhood

23

Mahis 
and 
Fhais

1 There’s no. 40.0

No incident WW

Turbidity

• There are no specific complaints for Madaba province this month.

• During the month, the department received (8) leaks in Amman during  which the water 
was examined in the field to determine whether the water is exhausted or clean.
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Wastewater is not home to

The department implements control 
programs on non-domestic wastewater 
within the borders of the capital Amman 
and Madaba governorate, while the Water 
Authority in Zarqa governorate is responsible 
for implementing the regulatory program 
in the province, and therefore the most 
important achievements for this month:

• The monitoring program was 
implemented on the various facilities 
linking the sewage network in the 
capital Amman and with a total number 
of (54) samples, where the number 
of samples collected from factories 
(33) samples and (10) samples of 
malls and (5) samples of hotels and 
(4) samples of restaurants, as well as 
collected(2)samples of non-domestic 
establishments in Madaba governorate.

• 13   carwash stations were detected 
from the control program, in addition to  
the follow-up of (5) car wash stations, 
including (3) stations for the purposes 
of delivering the sewage service and 
(2) stations for the purposes of issuing 
a license of professions, was granted 
approval for (4) stations of transactions 
received to the Division in the capital 
Amman.

• The department also followed up on 
(7) new transactions and (4) previous 
transactions under the procedure fornon-
household establishments wishing 
to connect to the sewage network, 
in addition to follow-up (5) association 
establishments on the sewage network 
and need to be followed up due to the 
existence of previous irregularities.

• Al-Fahis, Massas, and Zarqa were visited 
as part of achieving the goal of central 
quality and studying the area.

• Madaba region has been visited to 
expand the regulatory programme to 
achieve the 2019 Action Plan.

Laboratory Department

The Laboratory Department implements the 
control and operational programs for drinking 
water and household and non-household 
wastewater through its various people 
and using approved analytical methods 
that follow the highest quality standards 
to ensure the validity and accuracy of the 
results, including the tests carried out 
physical, chemical, Biological and biological.

Number of tests carried out

• The table below shows the number of 
samples and tests carried out through 
the laboratory department during the 
month in implementation of the control 
and operational programs of drinking 
water by province
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The province Laboratories Number of samples Number of tests

Amman Chemical drinking water 1301 889

Microbiology 1885

Madaba Chemical drinking water 148 0

Microbiology 187

Blue Chemical drinking water 135 8

Microbiology 173

Mahas & 
Al-Fahis

Chemical drinking water 49 0

Microbiology 63

                            Total 1633 3205

The province Laboratories Number of samples Number of tests

Oman Chemical wastewater 184 863

Microbiology 40

Madaba Chemical wastewater 6 33

Microbiology 12

Mahas & 
Al-Fahes

Chemical wastewater 24 69

Microbiology 3

                            Total  214 1020

Table 10

Table 11

Number of samples and tests for the drinking water control program in 
the three provinces and the Mahas Brigade and Al-Fahis

Number of samples and tests for the home wastewater control program in 
the capital and Madaba provinces and the Mahas Brigade

The following table also shows the number of samples and tests carried out for the domestic 
wastewater control program in the capital and Madafi governorates, while the Water 
Authority in Zarqa governorate is responsible for implementing the home wastewater control 
program.

The following table shows the number of samples and tests carried out for the non-domestic 
wastewater control program in both The Capital governorate and Madaba governorate, while 
the Water Authority in Zarqa governorate is responsible for implementing the non-household 
wastewater control program.
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The province Laboratories Number of samples Number of tests

Amman Chemical wastewater 53 268

Madaba Chemical wastewater 2 10

                            Total 55 278

Table 13

Table 12

The rate of test results for the main sources of nutrition for The King 
Abdullah Channel

Number of samples and tests for non-household wastewater control 
program in The Capital and Madaba provinces

Quality control samples carried 
out in laboratories 

The percentage of quality control samples 
(27%) of thetotal number of tests, where 
analysis (1662)sample control, which 
confirms thedirectorate’s keenness to follow 
the standards of quality control to ensure the 
accuracy of the results of the samples and 
their credibility.

Rate of results of the main sources 
of nutrition for the King Abdullah 
Channel

The following table shows the rate of test 
results for the main sources of nutrition 
of the King Abdullah Channel for different 
determinants during the month.

27% quality control samples

Figure 1 Percentage of quality control samples 
from the total number of samples during 

the month 

Examination Unit
The main sources of nutrition for King Abdullah Canal

Tunnel Djania Derala

Ammonium Mg/L 0.1 <0.1 0.1

Nitrate Mg/L 6.3 1.2 4.2

Phosphate Mg/L 0.11 0 0

Total Organic Carbon Mg/L 3 3.5 3.1

Fecal Coliform (Geomean) MPN/100ml 831 61 649

Algae Unit/1ml 350 570 233
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Average results of the main plant and reservoir exits of our water 
company

The following table shows the rate of test results for the exits of the main stations and 
reservoirs during the month for the different parameters and the laboratory results of all tests 
indicate that the treated water falls within the permissible limits of the standard Jordanian 
specification for drinking water.

Examination Unit

Exits of main stations and reservoirs

Zai Wadi Al 

Seer

Ras Al 

Ain

Rusaifa Zara 

Ma'ain

Dabouq 

booster 

THM μg / L 60.3 49.2

Toc Mg/L 2.2 1

PH PH unit 7.4 7.2 6.9 7.9 7.9 7.5

R.Cl
2

18 49 36 13 2405 2405 660

Turbidity Mg/L 1.4 1.5 1.4 1.5 1 1.1

Odour NTU <0.2 0.3 0.4 0.7 0.4 0.4

Odour TON No No No

Conductiv-
ity

uS/cm 1119.9 860 947.2 1001.9 278.3 721.1

Total 
Coliform 
(Geomean)

MP-
N/100ml

<1 <1 <1 <1 <1 <1

Site Free Living Nematode Total Coliform

Buster Dabuk 31 31

Director of Zee Station 85 125

Za'a Ma'ain Station 5 31

Table 14

Table 15

The rate of test results for the exits of the main stations and reservoirs

Free Living Nematode and Total Coliform samples  
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Rate of results of the exits of our water treatment plants

The following table shows the rate of test results for wastewater treatment plant exits during 
the month, as well as the results of samples collected from the exits of the stations during 
the month showed that they were free of intestinal worm  eggs, where the results show that 
they conform to the jordanian standard in force.

Examination Unit

Exits of major wastewater treatment plants

Abu 

Nasair

Wadi Al 

Seer 

Jiza** South 

Amman

Madaba Al-Fahis

pH PH unit 6.98

Turbidity NTU 14

TDS Mg/L 781.1 751.5 1209.5 628 1123.5 852.8

TSS gov-
ernment's 
support 
for the gov-
ernment's 
work

Mg/L 15.9 15.3 32.1 32.8 28.2 20.5

Total   
Chlorine

Mg/L 2.5

BOD Mg/L 37.7 30.2 92 48.1 45.3 30.1

COD Mg/L 71.7 36.2 148 68 72 48

Residual 
Chlorine

Mg/L 0.7

Total 
Nitrogen

Mg/L 64 12.2 45.1 46.7 62.7 5.6

E.Coli 
(Geomean)

MP-
N/100ml

<1 65.8 117.8 1 2419.6 2419.6

Table 16 Rate of test results for wastewater treatment plant exits
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Quality assurance unit

The Quality Assurance Unit seeks to reach the directorate to the highest degree of excellence 
through the application of the quality system and work to improve it and install and expand 
the field of international accreditation to include most tests and methods of examination, and 
subsequently the most important achievements during this month:

• Follow-up the application of the quality system in accordance with the requirements 
of iso/IEC 17025  specification and follow-up the application of the quality guide to the 
directorate in the different departments.

• Implementation of internal audit on the technical requirements of the Industrial Water 
Quality Division (field inspections and sampling).

• Follow-up the implementation of the training plan of the Directorate with those 
concerned in the human resources department.

• Participating in the ERA/USA laboratory proficiency test and laboratory proficiency test 
from Hydrolab Of Spain.

• Issuing a revised new version of the Quality Section Procedure Manual.

• Follow-up on the iso/IEC transition plan 17025:2017 by implementing quality manual 
procedure reviews.

Department of Water Safety

The Water Safety Department aims to enable the Directorate to adopt the idea of water 
quality management by planning water safety for all water systems within the company’s 
jurisdiction, and the most important achievements during this month:

• Complete the collection of information and review what was accomplished during the 
second mission with the consultant within the CRWSP project for the Wadi Al-Haydan 
system with UNICEF, in preparation for the start of the third mission at the end of next 
month.

• Implementation of an audit on quality issues in Madaba governorate on 29 October 2019, 
to ensure the efficiency of the implementation of the control program for drinking water 
and wastewater domestic and non-domestic, in addition to ensuring the safety of the 
water supply system in Madaba.
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Information

The information staff records all the tour data and samples, and the results of field tests are 
entered into the data recording system, followed by the most important achievements during 
this month:

• Issuing reports of all kinds, including line reports for Amman, Madaba andZarqa.

• Communicate with the IT department about any problems that arise and retrieve any 
files from the backups in the main center.

• Develop and follow up the software of the directorate and determine its requirements.

• Follow-up of computer devices and their problems within the directorate.

• Completion of the training program for the engineer Huda Al-Factora and handing him 
over to the quality assurance unit within the directorate.

• A meeting was held with the Information Technology Department on 22 October 2019 to 
follow up on the common topics.
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Annexure 6:  out of range Inspection form 

Jordan Water Company/Miyahuna

Quality, Laboratories and Water Safety Department

Document I.D.: WRW 006

Title: Water supply field inspection Measures

Issue No.: 1 Issue Date: 10/08/2011

Revision No.: 3 Revision Date: 15/09/2019

Authors and Updated by

Author: WRW 006

Updated by: Eng. Hadeel Ashour

Reviewed by

Head of Subsection Signature

Name: Hani Hammad

Head of Section/Unit Signature

Name: Munther Al-Qudah

Released by

Function: Head of Quality Assurance Unit Signature

Name: Eng. Soha Hammedah

Date:

Approved and Authorized by

Quality, Laboratories and Water Safety Department Manager Signature

Name: Eng. Majedah Al-Zoubi

Date:
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Jordan Water Company/Miyahuna

Quality, Laboratories and Water Safety Department

Document I.D.: WRW 006

Title: Water supply field inspection Measures

Issue No.: 1 Issue Date: 10/08/2011

Revision No.: 3 Revision Date: 15/09/2019

1- Objective: Explain the procedures used in the field inspection of water supply systems for drinking water.

2- Scope of work: This covers all sites of water supply systems for drinking water within the terms of reference of Miyahuna.

3- Resposibilities:

3.1 Amendment and development of this procedure is the responsibility of the staff of the Quality Department and the Depart-
ment of Water Safety in cooperation with the Director of the Directorate of Quality, Laboratories and Water Safety.

3.2 Supervision over the implementation of this procedure is the responsibility of the Head of Quality Department.

3.3 The execution of this procedure is the responsibility of the quality department staff.

3.4 Data analysis of this procedure is the responsibility of the Water Safety Section.

4- Procedures:  

4.1 A program for conducting field inspection of drinking water supply systems shall be prepared in coordination between the 
Quality Section and the Water Safety Section in conjunction with the application of the annual control program each year, or 
through field trips to these sources

4.2 The quality department staff shall fill the following forms for the water supply system to be detected: Form F WR03 “Field 
inspection of raw water sources” or Form F WR05 “Field inspection of chlorinated wells / reservoirs / posters / pumping 
stations”.

4.3 The Head of Quality Department shall audit and sign the information and observations in the above forms.

4.4 The results are delivered to the Water Safety Section to analyze the outputs, assess the hazard on each site and prepare a 
summary. 

4.5 Site operators shall be contacted if such locations scored less than 69 in order to take corrective measures through the 
Director of Quality, Laboratories and Water Safety Directorate.

5- Forms:

5.1 Form F WR05 “Field inspection of chlorinated wells / reservoirs / posters / pumping stations”

5.2 Form F WR03 “Field inspection of raw water sources”



CLIMATE RESILIENT WATER SAFETY PLAN FOR MADABA, JORDAN126

Annexure 7:  Auditing checklist template 

Verification of module 1: Assemble the team (preliminary completion of Madaba CR-WSP)

Answer Evidence Actions/Notes

1. Is the membership of the WSP team 
documented?

Y Module 1 of the Madaba CR-
WSP defines the Miyahuna 
Section, and Madaba Team 

N/A

2. Is the documented team membership 
current and accurate?

Y Module 1 of the Madaba CR-
WSP defines the Miyahuna 
Section, and Madaba Team 

N/A

3. Do all team members fully understand 
the WSP process?

Y Module 1 of the Madaba CR-
WSP defines the Miyahuna 
Section, and Madaba Team 

N/A

4. Was the WSP team involved in every 
WSP step?

Y Minutes and Notes of meetings N/A

5. Do team members understand their 
specific WSP responsibilities?

Y Module 1 of the Madaba CR-
WSP defines the Miyahuna 
Section, and Madaba Team 

N/A

6. Does the team have clear actions and 
timetable?

Y Miyahuna WSP Section has a 
5-year work plan  

N/A

7. Is the team multidisciplinary and rep-
resent all the key areas of the water 
supply system?

Y Minutes and Notes of meetings Future WSPs could pos-
sibly benefit from further 
involvement from health 
and environment sectors 

8. Does the team include both manage-
ment and operational staff?

Y Module 1 of the Madaba CR-
WSP defines the Miyahuna 
Section, and Madaba Team

N/A 

9. Where the water supplier is not re-
sponsible for the entire water supply 
system, is there evidence of collabora-
tion with appropriate stakeholders?

Y Module 1 of the Madaba CR-
WSP defines the Miyahuna 
Section, and Madaba Team

N/A 

10. Does the team have the authority to 
initiate change, improvements and 
upgrades?

Y Proposed improvements and 
upgrades have been promoted 
to executive management in an 
Implementation Programme 

Monitor implementation 
of Implementation Pro-
gramme, provide support 
where necessary 

11. Is the team leader a member of senior 
management or, if not, are they having 
regular briefings with senior manage-
ment?

Y Eng. Nazik Al-Abdallat and Eng. 
Majeda Al-Zoubi meet regularly

N/A
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Answer Evidence Actions/Notes

12. Is the team supported and empowered 
by senior management?

Y The Section gives the Miyahuna 
CEO quarterly updates 

N/A 

13. Where appropriate, are other stake-
holders represented on the team, for 
example the health or environment 
sectors?

Y Minutes and Notes of meetings Future WSPs could pos-
sibly benefit from further 
involvement from health 
and environment sectors

14. Does the team meet regularly on pre-
planned dates and after an incident 
has occurred?

Y The Team / Section has a term 
of reference and workplan that 
prescribes meeting dates 

N/A

15. Are the team meetings, outcomes and 
decisions documented?

Y The Team / Section has a term of 
reference and workplan that pre-
scribes recording of meetings 

N/A

16. Do other members of the water sup-
plier staff know about the WSP team 
and who its members are?

Y Relevant departments within 
Miyahuna are aware of the WSP 
Team and its activities 

N/A

17. Does the WSP team regularly report 
the outcomes of the WSP process to 
other water supplier staff?

Y The Section gives the Miyahuna 
CEO quarterly updates 

N/A 

Verification of module 2: System Description (preliminary completion of Madaba CR-WSP)

Answer Evidence Actions/Notes

1. Is there a detailed description of the 
water supply system?

Y Madaba CR-WSP Module 2 N/A

2. Does it cover all steps from catchment 
to the point of consumption, irrespec-
tive of ownership?

Y Madaba CR-WSP Module 2 N/A

3. Does the description include incident 
or emergency supply arrangements, 
such as water tankers, in addition to 
normal water supply arrangements?

Y Madaba CR-WSP Module 2 N/A

4. Does the description include a layout 
map of the water supply system and a 
conceptual flow diagram of all supply 
steps?

Y Madaba CR-WSP Module 2 N/A

5. Did WSP team members conduct site 
visits to confirm the accuracy and 
completeness of the description?

Y Madaba CR-WSP Module 2 N/A
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Answer Evidence Actions/Notes

6. Is the description up to date, compre-
hensive, accurate and understood by 
all relevant staff?

Y Madaba CR-WSP Module 2 N/A

7. If the description is not comprehen-
sive or accurate, is this recognized and 
are steps being taken to remedy this?

Y Madaba CR-WSP Module 2 N/A

8. Are intended users and uses of the 
water supply described?

Y Madaba CR-WSP Module 2 N/A

9. Are all relevant water quality stan-
dards or targets clearly described, 
including regulatory requirements as 
well as water supplier targets (for ex-
ample in cases where supplier targets 
are more stringent than regulatory 
standards)?

Y Madaba CR-WSP Module 2 N/A

Verification of module 3: Hazard and Risk Assessment (preliminary completion of Madaba CR-WSP) 

Hazards and hazardous events Answer Evidence Actions/Notes

1. Do WSP team members understand 
what is meant by hazards and hazard-
ous events?

Y Hands on training N/A

2. Have hazards and hazardous events 
been identified for all water supply 
system components included in the 
system description?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

3. Have all major hazards and hazardous 
events been identified?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

4. Have normal and abnormal events 
been considered?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

5. Have historical and potential future 
events affecting drinking-water quality 
been considered?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

6. Are hazards and hazardous events 
well documented?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

7. Is the list of hazards and hazardous 
events reviewed regularly and up to 
date?

Y Reviews of the Madaba CR-WSP 
have been scheduled in the 
section work plan 

N/A
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Hazards and hazardous events Answer Evidence Actions/Notes

8. Does the list of hazards and hazard-
ous events appear to be customized/
site-specific rather than borrowed 
from other sites or sources?

Y A library of generic hazards and 
events has been developed to 
support the module. This list was 
then customized for Madaba 
CR-WSP  

N/A

9. Was a systematic process followed for 
hazard identification?

Y The WHO process was en-
hanced for the CR-WSP 

N/A

10. Were field visits undertaken to support 
the hazard identification process?

Y Two field visits were completed N/A

11. Is current and historical compliance 
with drinking-water quality standards 
satisfactory? If not, have the hazards 
and hazardous events associated 
with non-compliance been taken into 
account?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

12. Did the WSP team actively participate 
in the identification of hazards and 
hazardous events or was this WSP 
step carried out by external consul-
tants only?

Y Madaba WSP Section, and 
extended WSP Team were 
actively involved, supported by 
consultant  

N/A

13. Were relevant external stakeholders 
consulted, including those manag-
ing supply steps outside the water 
supplier’s area of responsibility, for 
example in the catchments or within 
households?

Y Meetings and site visits were 
attended by the extended WSP 
Team 

N/A

Risk Assessment  Answer Evidence Actions/Notes

1. Has the system for estimating level of 
risk been documented?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

2. Does the risk assessment method-
ology consider the likelihood of the 
hazardous event occurring and the 
consequences if it does, and have 
criteria for different levels of likelihood 
and consequence been defined?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

3. Is this methodology applied consis-
tently?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

4. Have all identified hazards and hazard-
ous events been assigned a risk?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A
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Risk Assessment  Answer Evidence Actions/Notes

5. Is the risk assessment well document-
ed?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

6. Is the risk assessment plausible and 
substantiated by documented opera-
tional, technical and scientific evi-
dence?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

7. In addition to the risk to public health, 
has the risk assessment considered 
other factors such as aesthetic effects, 
continuity and adequacy of supplies 
and potential problems associated 
with providing alternative supplies?

Y Madaba CR-WSP Module 3 
report and spreadsheet 

N/A

8. Is the risk assessment reviewed regu-
larly and up to date?

Y Reviews of the Madaba CR-WSP 
have been scheduled in the 
section work plan

N/A

9. Was uncertainty given due consider-
ation in the risk assessment, e.g. are 
there examples of additional infor-
mation being required and obtained, 
where possible, to complete the 
assessment?

Y Madaba CR-WSP Module 3 
report and spreadsheet

N/A

Verification of module 4: Control Measures (preliminary completion of Madaba CR-WSP)

 Answer Evidence Actions/Notes

1. Have existing control measures been 
systematically identified and docu-
mented for each hazard and hazardous 
event identified?

Y Madaba CR-WSP Module 4 
report and spreadsheet

N/A

2. Has each existing control measure 
been validated to confirm its effective-
ness in managing particular hazards 
and hazardous events?

Y Madaba CR-WSP Module 4 
report and spreadsheet

N/A

3. Are validation procedures and results 
adequately documented?

Y Madaba CR-WSP Module 4 
report and spreadsheet

N/A

4. Are the validation procedures ade-
quate to confirm the effectiveness of 
control measures in place?

Y Madaba CR-WSP Module 4 
report and spreadsheet

N/A

5. Are the staff members responsible for 
the control measures trained and fully 
aware of these critical activities?

Y Madaba CR-WSP Module 4 
report and spreadsheet

N/A
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Verification of module 5: Improvement Plan (preliminary completion of Madaba CR-WSP) 

Answer Evidence Actions/Notes

1. Is there a documented improvement 
plan for each uncontrolled or insuffi-
ciently controlled significant risk?

Y Madaba CR-WSP Module 5 
report and spreadsheet

N/A

2. Are the planned improvements ade-
quate to address identified risks?

Y Madaba CR-WSP Module 5 
report and spreadsheet

N/A

3. Are the improvements practical, feasi-
ble and affordable?

Y Madaba CR-WSP Module 5 
report and spreadsheet

N/A

4. Has each improvement been assigned 
to a member of the WSP team or other 
responsible party?

Y Madaba CR-WSP Module 5 
report and spreadsheet

N/A

5. Where additional measures outside 
the responsibility of the water supplier 
are required, has this been commu-
nicated to those whose support is 
needed?

Y Madaba CR-WSP Module 5 
report and spreadsheet

N/A

6. Is there a timetable for each improve-
ment and is this realistic?

Y Madaba CR-WSP Module 5 
report and spreadsheet

N/A

7. If major, long-term improvements are 
necessary, have possible short-term 
(interim) measures been identified?

Y Madaba CR-WSP Module 5 
report and spreadsheet

N/A

8. Are the improvements being imple-
mented as planned?

Y Madaba CR-WSP Module 5 
report and spreadsheet

N/A

9. Has the improvement plan been ac-
knowledged and endorsed by senior 
management?

Y Madaba CR-WSP Module 5 
report and spreadsheet

N/A

10. Is the improvement plan supported by 
adequate funding?

N Madaba CR-WSP Module 5 
report and spreadsheet

An implementation plan 
is being developed by the 
CR-WSP Section, to be 
used to procure funding 
from potential donors 

11. Has the WSP been updated to take 
into account improvements and up-
grades already carried out, including 
revisions to the risk assessment to 
reflect the addition or improvement of 
control measures?

Y Madaba CR-WSP Module 5 
report and spreadsheet

N/A
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Verification of module 6: Monitoring Plan (preliminary completion of Madaba CR-WSP) 

 
Answer Evidence Actions/Notes

1. Is the operational monitoring plan 
documented and kept up to date?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

2. Does the operational monitoring plan 
cover all existing control measures?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

3. Is it clear who is responsible for carry-
ing out operational monitoring?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

4. Are the staff members responsible for 
operational monitoring trained and 
aware of their responsibilities?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

5. Does the operational monitoring plan 
specify monitoring parameters, tar-
gets and critical limits, and are these 
rational?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

6. Are there documented corrective 
actions that need to be taken when 
operational targets and critical limits 
are not met?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

7. Are the corrective actions feasible and 
able to be performed in a timely man-
ner, and are they followed in practice?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

8. Do monitoring records demonstrate 
that operational monitoring is carried 
out in accordance with the plan?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

9. If some aspects of operational moni-
toring rely on automatic monitors, are 
these checked and maintained accord-
ing to specification?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

10. Where appropriate, have document-
ed procedures been established to 
support complex and important opera-
tional monitoring procedures?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

11. Is it clear who is responsible for 
managing and reviewing the results of 
operational monitoring?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A

12. Is the review of operational monitor-
ing results done consistently and in a 
timely manner to inform operational 
decisions?

Y Madaba CR-WSP Module 6 
report and spreadsheet

N/A
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Verification of module 7: Verification of Plan (preliminary completion of Madaba CR-WSP)

 Answer Evidence Actions/Notes

1. Have internal audits been undertaken 
regularly?

• N
• N/A

Madaba CR-WSP Module 6 
report and spreadsheet

• Ensure that internal 
auditing schedule is 
included in work plan 

• Develop templates for 
auditing 

2. Have external audits been undertaken 
regularly?

• N
• N/A

N/A • External auditor from 
MOH

• High level communi-
cation 

3. Is it clear who is responsible for initiating 
and performing internal audits?

•  Y
• Internal 

audit unit  

• Not yet
• “Mini” auditing is occurring 

through the Inception Form, 
on selected sites, rotates 
annually 

• Form goes to Eng. Majeda  

• Audit team consist of 
IA, WSP (Amer) and 
external professional 
support (does audit and 
on job training)

• Training needed 

4. Is it clear who is responsible for initiating 
and performing external audits?

• Y
• WAJ 

Not yet • WAJ will schedule 
external audits

• WAJ does “mini” 
audits regularly acc to 
plan to visit many loca-
tions (specific points). 
This will be included in 
WSP auditing 

5. Is it clear who receives the results and 
reports from these audits?

• Y
• Eng. Ma-

jeda

Yes (Form) • N

6. Is there evidence that audit follow-up 
action is consistently taken?

• Y
• Eng. Maje-

da directs 
operator 
respon-
sible for 
system 

Y (email) • N

7. Is the compliance monitoring plan docu-
mented and kept up to date?

• Y
• Annual 

updates 
by Quality 
Section

• Also up-
dated fol-
lowing and 
incident 

• Y
• Annual updates by Quality 

Section
• Also updated following and 

incident 

• N
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 Answer Evidence Actions/Notes

8. Is it clear who is responsible for compli-
ance monitoring?

• Y
• Quality 

Section 
(KPI 
(mainly 
microbial) 
to ensure 
done, in 
monthly 
report)

Y • N

9. Do records demonstrate that compliance 
monitoring is carried out in accordance 
with the plan?

• Y • Y • N

10. Is it clear who is responsible for manag-
ing and reviewing the results of compli-
ance monitoring?

• Y
• Quality 

Section

• Monthly Reports summarizing 
compliance of mon prog (KPI)

• Nonconformance form for out 
of range 

• N

11. Is the review of compliance monitoring 
results done consistently and in a timely 
manner?

• Y
• Monthly, 

but daily 
discus-
sions and 
actions if 
needed, 
daily fol-
low up  

• Y • N

12. Are compliance monitoring data sent to 
the regulator or other bodies in accor-
dance with agreed communication proto-
cols and timeframes?

• Y
• Monthly
• Quality 

Section
• WAJ also 

sends 
MOH 
monthly 
report  

• Y, monthly report
• WAJ also sends MOH month-

ly report  

• N

13. Are actions to be taken when water 
quality targets are not met and are they 
followed in practice?

• Y • Y • N

14. Is there a documented plan to assess 
consumer satisfaction with the water 
supplied?

• N • N
• Process is documented for 

Amman (will be used as a 
template)

• Develop Consumer 
Satisfaction Plan, ques-
tionnaire 

• Develop satisfaction 
questionnaire with 
timelines 
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 Answer Evidence Actions/Notes

15. Is it clear who is responsible for consum-
er satisfaction monitoring?

• Y/N
• By whom

• N • Develop Consumer 
Satisfaction Plan

16. Is it clear who is responsible for manag-
ing and reviewing consumer satisfaction 
monitoring results?

• Y/N
• By whom

• N • Develop Consumer 
Satisfaction Plan

17. Do records demonstrate that consumer 
satisfaction monitoring is carried out in 
accordance with the plan?

• Not Yet • N • Develop Consumer 
Satisfaction Plan

18. Have any actions related to the results of 
verification activities (compliance moni-
toring, consumer satisfaction monitoring 
and/or auditing) been undertaken and, if 
so, are they appropriate?

• Not yet • N • Develop plan first, 
check with responsible 
person 

Verification of module 8: Management Procedures (preliminary completion of Madaba CR-WSP)

 
Answer Evidence Actions/Notes

1. Are management procedures (SOPs and 
emergency response plans) documented 
clearly?

• No written 
proce-
dures for 
Madaba/
Wadi 
Heidan

Madaba CR-WSP Module 6 
report and spreadsheet

• Ensure that internal 
auditing schedule is 
included in work plan 

• Develop templates for 
auditing 

2. Instructions do exist for some operations • N/A N • Develop SOPs for ma-
jor operational activities 

3. Instruction W/S • Collect in-
structions, 
fill in gaps, 
create SoP 
document

• N/A • N/A

4. • N N • Develop review sched-
ule in SOPs

5. Is it clear which versions are the most up 
to date?

• N/A N/A • Develop review sched-
ule in SOPs

6. Are management procedures readily 
available to everyone in the organization 
who needs them?

• N N/A • Develop review sched-
ule in SOPs

7. Is there evidence that management 
procedures are well understood and 
followed by operational staff?

• Y • Published on walls of key 
installations 

• Enhance procedures, 
extend to other instal-
lations 
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 Answer Evidence Actions/Notes

8. Are the procedures established for inci-
dent and emergency situations feasible 
and able to be performed in a timely 
manner?

• Y/N ERP plan available • Needs updating for 
Madaba

Verification of module 9: Supporting Programmes (preliminary completion of Madaba CR-WSP)

 Answer Evidence Actions/Notes

1. Has the water utility defined and doc-
umented appropriate WSP supporting 
programmes?

Y, WSP 
Section 
has a draft 
supporting 
programme

Module 9 spreadsheet Enhance programme 
with the “how”

2. Are supporting programmes reviewed 
and revised as necessary?

Not yet 
Annually  

Not yet Include review schedule 
in annual plan 

3. Are all relevant personnel aware of all 
these supporting programmes?

Not Yet N Circulate draft plan for 
review 

4. Is there evidence that supporting pro-
grammes are implemented in accor-
dance with the WSP?

Not Yet N Implementation of MP 
will be monitored as part 
of annual review 

5. Does the water supplier have a system 
to identify and address gaps in staff 
knowledge or skills in its workforce, 
and is there evidence that this system 
is effective?

N N Informal system through 
Eng. Mousa for Madaba, 
but this is ineffective 
without corporate sup-
port 

Verification of module 10: Review of WSP (preliminary completion of Madaba CR-WSP) 

 Answer Evidence Actions/Notes

1. Has the WSP team set dates for regu-
larly reviewing the WSP?

Y In WSP Section Work Plan N/A

2. Is there evidence that reviews have 
been carried out in accordance with 
the plan and is the frequency of re-
view appropriate?

Not yet Not yet First review due 2020

3. Is there a clear procedure for carrying 
out the reviews?

Y In the CR-WSP spreadsheet Implement and update 
procedure as required 

4. Are all appropriate stakeholders in-
volved in the review?

Not yet Not yet When doing review 
include stakeholder 
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 Answer Evidence Actions/Notes

5. Is there evidence that changes have 
been made to the WSP as a result of 
the review?

Not yet Not yet Not yet 

Verification of module 11: Revise following an incident (preliminary completion of Madaba CR-WSP) 

 
Answer Evidence Actions/Notes

1. Is there a system for keeping relevant 
stakeholders informed about incidents 
and near misses, both within and out-
side the water supplier?

• No. Maybe 
the section 

•  internally, 
involved 
people not 
stakehold-
ers 

2. Have incidents and near misses led to 
changes in the WSP?

• Not yet • Not yet • N/A

3. Are changes and updates to the WSP 
communicated within the water sup-
plier?

• Y
• After 

review as 
per work 
plan  

4. Is there evidence that the results of 
previous internal and external audits 
were considered by the WSP team 
during the review process?

• Not yet, no 
audits to 
date 

• N/A • N/A
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