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ABSTRACT

Jordan is located in the Middle East and covers
an area of 89,342 km®. The total population of
Jordan is 6,508,271. Jordan is rapidly facing a
severe water supply crisis due to greater de-
mands on a finite quantity of available water. If
current trends continue, it has been estimated
that the country will experience a chronic water
shortage by 2020. Despite these shortages, wa-
ter loss in the distribution network is relatively
high where it reaches 46%. Mafraq Governorate
has the maximum water loss. Continuous re-
cords and data for the period 1999-2004 for Ma-
frag water authority were investigated for the
water supply and lose. Water losses were evalu-
ated, and suggestions were given to minimize
the loss.

Keywords: Mafraq; Water Loss; Jordan;
Administrative Loss; Technical Loss

1. INTRODUCTION

Jordan is located in the Middle East and shares borders
with Irag, Syria, Saudi Arabia, and Israel and covering an
area of 89,342 km? (Figure 1). The population of Jordan
reaches 6,508,271 with an annual increase of about
128,152. Jordan is rapidly facing a severe water supply
crisis brought about by an ever-increasing population
placing greater demands on a finite quantity of available
water (see Figure 1). The fundamental importance of
water cannot be overstated. The supply of fresh potable
water is essential to life, socioeconomic development,
and political stability in the region. The need for a ra-
tionalized holistic management of this most vital natural
resource is paramount in order to attain a sustainable
society.

If current trends continue, it has been estimated that
the country will experience a chronic water shortage by
2020. Although a significant scope exists to reduce the
demand deficit through systematic changes to the current
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management, extraction, and distribution regimes, they
will not be sufficient for fully satisfy the requirements;
hence a need to look beyond conventional water sources
is critical.

The water shortages experienced by the country of
Jordan are well documented [1-3]; and the extent to
which this is forecasted to worsen has also been offered a
considerable attention at a national political level [4].
Various international seminars, reports, and publications
have suggested a plethora of alternatives to mitigate the
current and predicted future situation.

Jordan’s projected water demand is increasing with
time, and it was been reported by the Ministry of Water
and Irrigation (MWI) that it would reach 408 MCM in
2020 [5]. Meanwhile, the World Bank [6] estimated that
water deficit in Jordan will reach 360 MCM in 2004 [5].

Despite the shortages in Jordan’s water resources there,
is a high percentage of water loss (see Table 1) [6]. The
overall water loss reaches 122,359,974 m®, indicating
that loss are 46.58% (see Table 2). The records of the
Jordanian MWI indicate that Mafraq Governorate has the
highest percentage of water loss (see Table 3).

Average rainfall in Jordan reaches 23 mm. It might
exceed 450 mm in north west and reaches less than 50
mm in the desertic area (Figure 2). In Mafraq Gover-
norate, the average annual rainfall reaches 132 mm.

In this research, water loss in Mafraq Governorate was
been investigated. To study the causes, six years of con-
tinuous and reliable records were used (1999-2004).
Sources and types of loss had been identified. Solutions
are given to minimize these losses.

2. WATER PUMPING AND SUPPLY IN
MAFRAQ

Mafraq Governorate covers an area of 26,541 km? and
its population reaches 275,000. Water authority in Ma-
fraq supplies the water for Mafrag Governorate and other
neighboring Governorates. This implies that the length of
the water supply pipe lines reaches about 10,000 km.
Water is pumped from 91 wells. Figure 3 shows the
quantities of water pumping for the period 1999-2004.
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Figure 1. Map of Jordan highlighting the water resources available in each

region.
Table 1. Water loss in Jordan [7]. Table 3. Percent water loss in different governorates of Jordan
(1999-2004) [6].
Year 1999 2000 2001 2002 2003 2004
% Water lost 57.28 5490 5253 5024 48.69 46.58 Governorate 1999 2000 2001 2002 2003 2004
Amman  50.03 5029 50.03 47.29 4853 44.89
Table 2. Water loss in Jordan for the year 2004 [7]. Irbid 4571 4434 4192 4216 3957 35.08
Water type Quantity of water () Zarqa 55.34 5475 5503 5578 5148 512
Pumped water 262,672,465 Madaba 7503 5821 5833 50 4646 465
Sold water 140,312,491 Balga 56.13 5473 4676 5394 5159 53.86
Lost water 122,359,974 Karak 56.77 56.35 56.59 5191 4747 4751
% Water lost 46.58 Tafela 4751 4134 3885 4458 4331 4125
Maan 62.27 59.86 53.51 5231 4678 4519
During this period, the pumping of water from the Mafraq 7639 7457 7434 7061 6821 645
wells reached 210,311,351 m® with an annual average of Ajloun  47.06 4467 37.19 4056 3741 2819
35,051,891 m® (see Figure 3). It is evident that water Jerash 4294 4471 3356 3718 238 29.38
pumping in 2003 was the lowest for the studied period. TOTAL 5728 549 5253 5024 48.69 46.58
This is due to the fact that during that year, part of Ma-
fraq water production department was split in two parts: average annual supply is 161,366 m®, and the total water

the Badia and Mafraq. Due to the hot weather, water supplied during the studied period was 968,200 m°. It
pumping increases during summer months (see Figure should be mentioned however that the water supply was

4). stopped for the period of October 2000 to April 2001 due
It should be mentioned however, that in addition to the to the pollution of the source.
water supplied through the wells in Mafraq, there is other The average annual quantities of water exported

sources which come from Zarqga city (see Table 4). The from Mafraq Governorate to other Governorates were
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10°m° Table 4. Water from Ghiya wells supplied to Mafrag Governorate.
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Figure 3. Water supply of wells in Mafrag Governorate (1999-
2004).
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Figure 4. Monthly water pumping from wells in Mafraq
Governorate.

15,495,928 m® for the studied period, and the total
amount of water supplied was 92,975,572 m? (see Table
5).

Figure 5 and Table 6 show the net quantities of water
supplied by Mafraq Governorate to various towns and
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Table 5. Quantities of water exported by Mafraq Governorate
to other Governorates (1999-2004).

Year Water supplied (m®)
1999 19,140,511
2000 18,858,544
2001 18,179,079
2002 17,444,921
2003 4,166,383
2004 15,186,134
Total 92,975,572
Million M?
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Figure 5. Net water supplied within Mafrag Governorate

(1999-2004).
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villages within the Governorate. From Figure 5, it can be
noticed that the average annual supply was 14,376,678
m? for the studied period, while the total quantity of the
water supplied was 86,260,069 m®.

Water consumption in Mafraq can be divided into two
main categories: The first is household consumption,
which accounts for 95% of the consumed water and
non-household consumption (Table 7). This is due to the
fact that industrial and commercial activities are very
restricted in Mafraq Governorate, compared to other cit-
ies in Jordan.

3. WATER LOSS IN MAFRAQ

Water loss in Mafraq is considered very high relative
to other Governorates in Jordan. Table 8 and Figure 6
show that the average annual loss is higher than 70%. It
also shows that the loss is slightly decreasing with time.
This is due to the increase in maintenance operations
within Mafraq city.

Water losses are defined here as the water which has
no revenue. These can be classified as:

Technical losses: they result from breakdown or seep-
age within the distribution pipes systems. This type of
loss can be divided into:

Apparent technical loss: this is due to apparent break-
down of the distribution net systems;

Unseen loss: such loss is due to the breakdown of the

Table 6. Water supplied in Mafrag.
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pipes in the distribution network under the ground;
Administrative losses: these are due to existence of
broken water quantity meters, human errors (e.g. issuing
wrong bills), not installing meters correctly, using the
water illegally, centralization, and weak governance.

3.1. Technical Losses

Charalambous [8] had put a table that summarizes the
distributed water (Table 9).

To calculate the loss the following equation is used
(Table 10):

Quantity of water loss (L) = Net supplied water (Ss) —
Net sold water (So) + Water consumed outside counters
©).

It can be noticed from Table 3, listed earlier, that the
loss in Mafraq is among the highest in Jordan. This is
due to the large and expanded geographical area of Ma-
frag Governorate, and to the fact that the communities in
the governorate are dispersed. Consequently, long supply
pipe lines used makes it hard for the inspection and
maintenance teams to report or repair seepages and leak-
ages [9]. In addition, this governorate’s population live-
lihood is based on livestock. In many cases, livestock
owners deliberately make seepages in the supply pipe
lines using guns, or they break the lines in valleys, in
order to secure water needs for their livestock [10].

As a summary, technical losses can be attributed to

House consumption Non house consumption Total

Number of water bills 96,938 4855 101,793

Consumption (m®) 4,169,261 653,527 4,822,788

Income (USD) 1,188,204 858,677 2,046,881

Table 7. Water consumption in Mafrag.
year J F M A M J J A S O N D Total
1999 1.46 1.37 1.66 1.60 1.65 1.77 1.70 1.60 1.59 1.59 1.56 1.40 19.02
2000 1.35 1.16 1.42 1.68 1.74 1.56 1.71 1.86 1.68 1.58 141 1.44 18.67
2001 1.28 1.06 1.66 1.62 1.73 1.73 1.84 1.84 1.80 1.78 1.39 1.23 19.04
2002 1.08 1.06 1.41 1.52 1.57 1.49 1.56 1.63 1.55 1.59 1.37 1.19 17.07
2003 1.04 0.89 1.08 1.33 1.52 1.53 1.61 1.69 1.63 1.63 1.35 1.22 16.57
2004 1.14 1.04 1.39 1.56 1.57 1.45 1.58 1.37 154 152 1.17 0.87 16.25
Total 4.56 4.07 5.56 6.05 6.40 6.21 6.60 6.55 6.54 6.53 5.29 4.52 86.26
Table 8. Water supply and losses in Mafrag Governorate.
Year Supplied water (m®) Sold water (m®) Lost water (m°) % Loss

1999 19,020,755 4,491,178 14,529,577 76.4

2000 18,513,469 4,708,001 13,805,468 74.6

2001 18,911,274 4,852,906 14,058,368 74.3

2002 16,853,960 4,953,655 11,900,305 70.6

2003 17,348,140 5,514,294 11,833,846 68.2

2004 16,903,277 5,995,997 10,907,280 64.5

Copyright © 2013 SciRes.

Openly accessible at http://www.scirp.org/journal/ns/




N. Al-Ansari et al. / Natural Science 5 (2013) 333-340 337

several factors (Figure 7). Among these is not installing
the pipes in straight lines, not using flexible joints, as
well as the erosion of the pipes and joints. Further, poor
operation and maintenance of the network, as well as
having water hammer in some parts of the network [11,
12].

3.2. Administrative Losses

The administrative loss in Mafrag can be attributed to
(Figure 8):

Meters in terms of quality, accuracy, location, methods
of installation and suitability to the different areas in the
governorate, in terms of operation and climate (Mafraq
Water Management: Annual Reports of the Directorate of
Losses);

Administrative errors related to manpower: the most
important of which is not reading the meters, errors in
reading and deportation, lack of running for subscrip-
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Figure 6. Water supply and loss in Mafraq city.

Table 9. Water distribution [8].

tions, as well as, errors in estimating the amount of wa-
ter;

lllegal use of water: this involves manipulating the
meters, breaking the pipes, and installing junctions be-
fore the meter;

Poor administrative coordination with the water sector
and water authority workers who are operating in the
field;

Lack of documentation concerning the consumers, me-
ters, and the network;

Lack of qualified and creative personnel and the lack
of the specific job description;

The existence of some broken meters as a result of
frost, which were not been replaced,;

Lack of operating governance in the field.

Centralization—Dbasically because communities around
the governorate are dispersed, decisions need to be taken
in the field, and personnel are not trained to do so; they
do not take action in the field until they report back to
the central office in the governorate, and therefore, loss
takes place during action.

4. EVALUATION OF WATER LOSS

There is no accepted universal method to calculate the
loss. For this reason, four methods were been used as
follows:

First method: calculation of the water consumption for
each consumer’s category. Then these quantities will be
transferred to its cost according to their tariff by the wa-
ter authority (Table 11);

Waters with bills

Water with revenue

Consumed Water

Valued water
Free water

Water without revenue

Desert station water

Distributed Water

Administrative loss

Water loss

Technical loss

Illegal Connections

Broken counters

Seepage from distribution net

Seepage from pipes between towns and villages
Seepage and excess water from tanks

Table 10. Calculation of water losses (Source: Jordan Water Authority, Water Loss Department, unpublished report).

No.  Item 1: Net supplied water (m®) Item 2: Net sold water

Item 3: Consumed water without

. 3
meters (m°) Item 4: Lost water (m°)

Quantity of water produced

1 by Water Authority Quantity of water for customers
Quantity of water coming from Quantity of water for desert
other authorities stations

3 Quantity of water supplied Amount of water illegally used
to other authorities by customers

4 B Quantity of water deducted due to

customers objections

Net water Supplied = ((1 +2) —3) Netwatersold=((1+2+3)-4) Total=(1+2+3+4)

Desert stations Item 1 (supply)

Fire points Item 2 (Net sold)

Item 3 (Water consumed without

Washing tanks and networks meters)

Illegal uses of non customers -

Lost water=1 - (2 + 3)

Copyright © 2013 SciRes.
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o

Figure 7. Examples of technical losses: up—broken pipe; mid-
dle—leaking pipe; down—breaking pipe to supply water to
livestock.

Second method: calculating the ratio of income to the
amount of water consumed, producing average revenue
per cubic meter and the average of 5 USD/m?®. Then this
was multiplied by the amount of water loss;

Third method: calculating the cost of the water loss by
dividing the total cost of the water extracted by the quan-
tity of extracted water. This gives the unit cost of one
cubic meter. This unit cost is multiplied by the quantity

Copyright © 2013 SciRes.

Figure 8. Examples of administrative loss in Mafrag: up—the
meter is removed and replaced by a T-joint; middle—pipe
connection passing the meter; down—connection to supply the
housing unit before the meter.

of water lost;

Fourth method: calculating the loss using the tariff set
by water authority. According to this tariff, the cost of
one cubic meter is 0.7 USD (0.43 USD operational costs
and 0.29 USD water cost).

Using the above four methods the cost of water lost in

Openly accessible at http://www.scirp.org/journal/ns/
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Table 11. Water tariff according to the Jordanian Ministry of Water Resources.

Category Water tariff for house use (USD) Water tariff for non-house use (USD)
0-20 1.857*q 1.4285*q
21-40 (0.285 * q) - (0.107 * q) 1.4285*q
41-185 (0.151 * g) - (0.0064 * q) 1.4285*q
185 or more 1214 *q 1.4285*q

g = quantity of water.

Mafraq Governorate was calculated for the year 2004
(Table 12). The estimated cost using the second method
was the maximum cost (52,602,434), while the third
method gave the minimum cost (3,610,244). This implies
that the unit price of the lost water varies from 4.821 to
0.330 USD.

5. POTENTIAL SOLUTIONS

There are several methods, which can be used to
minimize water loss. According to the situation in Ma-
fraq water authority, it is possible to minimize the water
loss as follows.

5.1. Technical Issues

There are some pipes that should be renewed or re-
placed. There are other pipes requires maintenance.

Meters should be installed on all the wells and to be
regularly maintained.

Develop a mechanism to calculate the amount of water
lost between sources and pumping stations during partial
power failure.

Increasing Badia water stations: the quantity of water
to be used in such stations should be measured. The ex-
istence of such stations will minimize the illegal use of
water.

Police and water authorities should work together to
minimize illegal water use.

5.2. Administrative Issues

Replacing broken meters with suitable meters;

Classifying the consumers according to their water
consumption;

Constructing well trained maintenance personnel;

Enhancing application of governance in order to de-
centralize actions;

Training personnel to be field orientation and increase
their capacity to make a decision in the field;

Use job description for the different technical staff as a
reference for training;

Water awareness program should be adopted.

6. CONCLUSION

Mafrag Governorate has the maximum water loss rela-
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Table 12. Cost of water loss in Mafraq using four methods for
the year 2004.

Method Loss cost (USD) Unit 1 m® (USD)
Fist 4,774,428 0.437
Second 52,602,434 4.821
Third 3,610,244 0.330
Fourth 7,790,914 0.771

tive to other governorates in Jordan. Analysis of six years
records from the Ministry of Water and Irrigation and
Water Authority in Mafraq indicated that the average an-
nual water loss reaches 12,839,140 m®. These losses are
either technical or administrative losses. The cost of
losses calculated using four different methods, which
indicated that one cubic meter cost the water authority
0.33 to 4.82 USD. Prudent management and maintenance
can reduce these losses tremendously.
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