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Table 1: Estimated Worldwide NRW Volumes [8] 
�?���$$�K# "
�"
 �� �"K5 1�8�� $	1� 98 CD2]�[

Ratio
/� =

Volume(BCM/year)
) l�!
���M��(��H �+ cAv��Q�

Population in 
2002 (millions) 

��A���H /D��D  

System 
input 
(lpcd) 
@> %=	�H 

(lpcd) 

NRW(% 
of system 

input) 
W?�+ @>

(%)��>�


Physical 
losses 
(%) 

�A�	? *�4MG 

(%) 

Commercial 
losses (%) 
��;�5 *�4MG 

(%) 

Physical 
losses 

�A�	? *�4MG 

Commercial 
losses 

��;�5 *�4MG 

Total 
NRW 
'(��� 

Developed 
countries 
 ®����� 

)A
�<"�

744.8 300 15 80 20 9.8 2.4 12.2 

Eurasia 
(CIS) 

*�NU� ®����� 
178.0 500 30 70 30 6.8 9.2 9.7 

Developing 
countries 
 ®����� 

�� ?�2��
�


837.2 250 35 60 40 16.1 10.6 26.7 

Total
��&D� 32.7 15.9 48.6 
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Table 2: Estimated value of golbal NRW and its components [8] 
�?��D$$�K# "
�"
 �� 1�8�� $	1� 98 E�Uj� 
G+7�]�[

Estimated values billions of US$/year) 

Marginal 
cost of 
water 

(US$/m3)
@> %�6J; 

Average tariff 
(US$/m3) 
*�4MG VH(Q� 

Cost of 
physical 

losses 
J;6*�4MG %�

�A�	?

Lost revenue 
from 

commercial 
losses 

J;6��;�5 *�4MG %�
(US$/year)

Total cost of NRW 
J; '(���6%�@> ��;

��>�
 W?�+ 
(US$/year) 

Developed 
countries 

) ®����� A
�<"�
0.30 1.00 2.90 2.40 5.30 

Eurasia (CIS) 
*�NU� ®����� 0.30 0.50 2.00 1.50 3.50 

Developing 
countries 

�� ®����� 
�
�� ?�2
0.20 0.25 3.20 2.60 5.80 

Total 
��&D� 8.10 6.50 14.6 
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Table 3: Causes of Water Losses [11] 
�?��E$98 E�Uj� '1��	8 ��#	 
� �j� ]VV[

Real losse
�A�	? *�4MG

Apparent Losse
:�;�5 *�4MG 

Components of NRW 
��>�
 W?�+ @> :	J�	 

Effective causes 
� 
M�a�y

Components 
of NRW 

W?�+ @> :	J�	

��>�


Effective cuases 
� 
M�a�y

Visible leaks 
(Reported 

incidents and 
pipe breaks)

!�"� .��
 	 0���2)

l��7� !,�-35
('15 

Valves, pipes, 
pumps, storage 

walls and 
overflows 

	 
�1� T�&) T"A5 T
=�=
$7S� 7+�"
 

Inappropriate materials used for valves, 
pipes, and accessories 

E�Nj��� 	 ��"A5 T�� 
=�= ��"� M
�G��� }G# 9�S���

Illegal 
connections
"As E�������

*�D� 

(Consumers’) cultural ignorance 
(HA "���) !,G�"< "N< 

Non-standard or faulty installation
	 R5�) T�*�
"�-� c1�) ���1���
� "As 	 yjs ��"#�

(C �"�

(Consumers’) poverty or greed) 
������� !���/ '��+* T(HA "���) ������� "N< 

Inadequacies in 122 system, failure to 
collect and record complete data on 

incidents 
C�-A
 �� e�;VXX ���  .4g 	 ��	8 F&# c1� 	

0���2 E��:@� 

Poor management (certainty of 
wrongdoers and offenders of the 

company’s liniency or inability to sue or 
fine the offenders appropriately) 

y
�� �"A,A) c1� *� HAUjS�� $�GA&@�) !�+"+1� e�;
HAUjS�� ��"� M
�G� 
&+"# ?�&�� c1� T�U�8 . "5

Slow and poor repair operations 
E�"A&�� .AUA  	 .�"
 $��� C  

Legal inadequacies (ownership 
documentation in the outskirts of urban 
areas or the inefficiency of operation 

codes of water and waterwater companies

A5�2 �� �"K5 E��1/ 	 !�4g E:3��) !����� e�;

�U�8 . "5 !��Aj&� ��� 
��� HA+8 �� e�; T��"K5
Lack of continuous monitoring and 

inspection of the network, valves, pumps, 
and storage tanks 

�&) TEB8"A5 T
345 "&�-� !
�*�� 	 R+�&A) c1� 	 ��
$*�S�

Management 
faults 

!�+"+1� ��P/

Failure to make timely records of new 
connections 


� .4g c1� 1+1# E������� E��:@� F��� 

Poor handling of pipes and accessories 
!� E�Nj��� 	 
=�= �&2 �� !��� 

Failure to timely install connections or 
new meters 


� M�� c1�1+1# ���G  	 E������� F���
Poorly manufactured pipes and 

accessories 
E�Nj��� 	 
=�= ./�
 �� M
�G��� .AUA 

Failure to record timely readings 

� .��"� c1� 1+1# E������� ���G  F��� 

Improper network design 

345 yjs !2�"@ 

Failure to identify malfunctioning water 
meters 

9�"/ ������G  !+�
�G5 c1�
Untimely maintenance and rennovation 

of network components 

� c1�
� �*�
�� 	 �*�
� F���
345 ��7#

Poor management 
!�+"+1� e�; 

Mismanagement of pressure along the 
network 


345 �� ���< .+"+1� c1�
Poor planning and scheduling 


���"� e�; �7+� 

Failure to identify the underlying causes 
of network fauilures 


g��2 ���	 �j� �Aj>� 	 !
�"� c1�

Personnel 
errors 

Meter errors
!jG
") ��P/ 

Poor training 
l*��8 e�; 

Poor management of storage overflows 
$*�S� 7+�"
 .+"+1� �� e�; 

Poor planning and absence of optimized 
routes for meter eaders 

$��/ ���G  ��"� 
GAK� "A-� ��4� 	 �7+� 
���"� e�;
Non-existence of remote management 

systems of telemetry or SCADA 
(for pumps and storage tanks) 

C�-A
 *� '��U�
� c1� �	� '�� *� .+"+1� ��� 
($7S� 	 �&) ��"�)–���3
� 	 �"�� 
j�

Poor supervision 
E��L� e�; 

Lack of a PM plan
) 
��"A,�A) ���1K,� 	 "A&�� c1�PM(

Failure to employ new technologies
��	�G< *� '��U�
� c1�1+1# ���

Shortage of funds at copmpany level
�U�8 . "5 �� !=�� F��G� ��4& 

Poor management
!�+"+1� e�;
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Table 3: (Cont’d) Causes of Water Losses [11] 
%�	
	 �?��E$98 E�Uj� '1��	8 ��#	 
� �j� ]VV[

Real losse
�A�	? *�4MG

Apparent Losse
:�;�5 *�4MG

Components of NRW 
��>�
 W?�+ @> :	J�	 

Effective causes 
� 
M�a�y

Components 
of NRW 

W?�+ @> :	J�	
��>�


Effective cuases 
� 
M�a�y

Invisible 
leak 

!�"��� .��

Poor labor and staff training
l*��8 �� . "5 e�;$�
�G5��  	 $�"��� 

Informed/intentional personnel errors
�G
") 
�����8 E�UjS� 

Poor management (non-existence of 
updated drawings, failure to execute timely 

leak inspections) 

� �	"5 c1� Tc�,GK� ��� 
�N� ��#	 c1�) !�+"+1� e�;

(!��+ .�� F���

Unbilled 
authorized 

consumption
�����G  ��P/ 

Imoproper selection of meter size and class (to 
ensure accuracy) 

���G  (.��) �:  	 7+�
 .
���� 9�S��� 

Non-reported 
background leaks 
and pipe breakage 

��� !,�-35 	 
GA�* .��
'1�� l��7� 

Failure to perform step-by-step tests to 
identify high risk zones in isolated areas 

B�� i-+� �� W@�G� �AS�� 	 c�� 
� c�� .-� c�D�� c1�

=	7+� W@�G� ��

Poorly manufacture meters 
./�
 �� e�; 

Failure to detect the root causes of leaks in 
the network 


345 �� .�� ���	 �j� !��+ 
�+� c1�

Improper location and installation of meters 
yjs M�� 	 !+�&��# 

Poor manangement (Non-existence of 
updated drawings and GIS, Non-existnec of 

continual netwrok monitoring, Failure to 
employ proper indices to schedule leak 
detection and maintenance operations 

��#	 c1� Tc�,GK� ��� 
�N� ��#	 c1�) !�+"+1� e�;
C�-A
GIS *� '��U�
� c1� T
345 "&�-� R+�&A) c1� T

(§+��� 	 !��+ .�� $��* HAA�� ��"� M
�G� ��K�/�5

Poor maintenance 
OA>Q ���1K,� c1� 

Failure to purchase and employ calibrated 
instrumentation 

�
� 	 1+"/ c1�'*�1�� ��7�� *� '��U'15 '"4A=�  	 WA�� �"A�

Failuer to test in time and replace 
F��� 
� §+��� 	 .-� c1� 

Failure to purchase/employ leak detection 
instruments and modern leak management 

techniques 
'�,�
� *� '��U�
� 	 1+"/ c1� .�� ��� l	� 	 9�+ ���

$�1�.�� .+"+1�

Financial problems 
!=�� E:3�� 

Selection of imporper materials for pipes, 
valves, and accessories 

E�Nj��� 	 ��"A5 T�� 
=�= ��"� M
�G��� }G# 9�S���

Lack of economic justification for meter 
replace meuts due to water prices 

������� 
A#�� c1� 98 C  .&A� �A=1� §+��� 
Improper and non-standard implementation 
(lack of bedding, cover, and proper cover 

density) 
	 R5�) T�*�
"�-� c1�) ���1���
� "As 	 yjs ��"#�

(C �"�

HA "��� 
§4� $	1� *�D�

Legal inadequacies 
!����� e�; 

Non-existence of a PM plan
) 
��"A,�A) ���1K,� 	 "A&�� c1�PM(

Management inefficiency
!�+"+1� e�; 

Lack of economic justificatiobn due to low 
water prices 

98 C  .&A� �A=� 
� ������� 
A#�� c1�

Lack of supervision 
E��L� c1� 

Poorly manufactured pipes and accessories
!� 2 �� !���E�Nj��� 	 
=�= �& 

Unawareness of relevant organizations and 
agencies 

$���� 	 E�-
�� !���8 c1�'*�1�� .A&�� *� �� ����� �"A�
*�D�

Poorly manufactured pipes and accessories
E�Nj��� 	 
=�= ./�
 �� M
�G��� .AUA 
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Table 3: (Cont’d) Causes of Water Losses 
%�	
	 �?��E$98 E�Uj� '1��	8 ��#	 
� �j� ]VV[

Real losse
�A�	? *�4MG

Apparent Losse
:�;�5 *�4MG

Components of NRW 
��>�
 W?�+ @> :	J�	 

Effective Couses 
� 
M�a�y

Components 
of NRW 

W?�+ @> :	J�	
��>�


Effective cuase 
� 
M�a�y

Improper network design

345 yjs !2�"@

Untimely maintenance and 
rennovation of network components 


� �*�
�� 	 �*�-K� c1�
345 ��7#� F���
Mismanagement of pressure along the 

network 

345 �� ���< .+"+1� c1�

Failure to identify the underlying 
causes of network fauilures l 

.�� c1�$8 ��"&�
� 	 F��� 
� !��+
Shortage of funds at copmpany level

�U�8 . "5 �� !=�� F��G� ��4& 
Poor labor and staff training

$�
�G5��  	 $�"���  l*��8 �� . "5 e�;
Inadequacines and shorcomings in 
operation and contract codes and 

instructions 

��� HA+8 �� e�;�������"� 	 !��Aj&� ���

Fig.1: Cost-benffic diagram for the studies and executive 
operations of reducing NRW measures [10] 
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1 Present Value Analysis (PVA) 



�  SO 3��Q L�� 8-��1...dx.doi.org/10.22093/wwj.2017.39480 

119 �����
��	
��
����� � ��

)\(tt
)i1(

CPV
+

=

T$8 �� 
 C:7�+
G���$��* ���8+T'1Gt:'�	� ��1�� �������*!	
i:7G� �"�+�"��G� ..
� �+HPVt:j�< l*��!./��") ����K��� ���

���* '�	�!tG%&� ..
�A7G� �"� 9�S��� H+�-� �AC�K� �� .�
� 	
�IgA���� "K#��!	�����+7D� �+j>� 	 
Aj�< l*�� �!.���� 

�$�$"$
6J�G ��= 
�)+7D� ��
� 	 
+j>� 	 
A����������T�� c��KU� ��� �+ 
�j&# H

) C�� "� 
  .
�AR�AG!�"�� '15�"#+1�N� E�����?��
 �� ����
�8!T"��"�+��"
 i+
��J��?�2 $��* �� 
�B�
 ��
 �"� ��.
� .

��
� "� l*�� �>� �� 
%�8 �j�<!�;��A1�5 '��� OT7D� �� �+ 	 

j>�A������������"��l*�� TE�4�
�>� �� $���* ����� �J2
"#+1N� E����?�
 �� 
  ����8!�� M- !�� ���5 *� '��U��
� ���
";+MT�14� *	� l*�� 
+��!�&�+� .1G
7G� �"�� ?��&�� ��@ �+ �
��+��"
 h"@ i+
��J���"� 
 �j�< l*�� 
4
�>�!7�+
G	 ���

1�8�� ���)AR�AG!�"� '15�?�
 ������8!'��U��
� ����� h"�@
� ��"�!�A�"T� $	1� ��
 �"� "� �12 ?����+i-1G��� ���
 �"��

3��� E1� 1Gj� '�"~
!	�+�� . ����� o��	� �
<��;� 1�Q�� 1�Gk 

�"��� R5�)+��"�
 i�-+
��J���.�
� 7G� �"�� . �+ $8 *� 
�  �
�!� $���
$��G�+�/�5 ���1���
� i�������
���,��&� �"�� c��

RS� �� 
  ���j4�!� 	����� �/�5 ���1���
� ��������'���5�
15���� T!
�"� ���� .�GQ 	 $�3� T$��* *�!.�
� �"�5 �� 	+y

<"� "L��� �� ej�S� H�
&� gI� �����A�� $8"� ��J�"AAH!�� ���5 	
E�4
�>� �� ���� '��U�
�!� ��"� .�"A� 

7G� �"� 9�S���+�"� ��'(	") �����"&�!=� 
�A� �IgA����� "
��&�#� ej�S�!������ 	�-�A) ��A%A7G� �"� 9�S��� ..
� '1+�

'(	") �� �����&��� !	� 

+�"�3V7G� �"�� ( �+ T"U�Q �X�"�� (
7G�+	 .��g �t7G� �"� (+$���* 
� .4-� '1G��  �!�� c��D�� ���5

]Vt[.

"$:
�(� %A��X� 
� ��+HR�	w) �Aj>� �������7� 	 ��
 
�=�P� 	+
G����R��� 

 
NPG� 9:;�< 	 98 '�	1>� �� 1�8�� $	1� 98Y	 $�"�K� "K�5
 '��&5 $7S� R5�) .>�X� .�1� ..
� 
�<"� E��QI
AE��-

��
"�8!G�� �� $8 ?�N��� |�P/ 	 
NP+� 
� 
NPG� HA*� RY�?�

�!�7<� 
� 
#�� �� 	 1
�+�&# R�A� .�+�@ '�	1�>� H!?��
 ����

/�A� TM
�G� 
� T"A*�
*�� Th:Q� 1G�*��
�
�� 	.
� � 
 +"�� H
&��A� �� 1�8�� $	1� 98 E��=�P� .A"�� !�� $��� 1��� '�	1�>� .

���� 
�=�P� ������d Ay�/ "���j *�� �+ �� F�/V AF��"� "����j
 ��� .2�-��dt� OP�
 ..�
� R�5�) .�>� �"���� ?	1�#Y

!� R+�&� �� R�	w) H+� �� 98 }�B�� .1�� 

E$#${�C-;?�� 
R�	w��) '�	1��>� �� .��>� R��5�) $7��S� r
��NPG� _	 98

� '1G�� $��� $�"K� 9:;�<+
 ��� "�� H \.�<� �1� �  1Q��
� ��+$��* E1� �� '�	1>� H�"� '15 
�<"� "L����-�B��A
� T¨G

���	 .<� �1�!$�&� .���� ����/� ?	1# �� 
  ��@[
�L2:�
�!� T��5I�A"/ y�
�� y�N< 
�=�P� ���� '�	1>� �� 98 H�+98 1

U��A� '15 
I�A� H!� 
� .��5+�"� HAMR�	w�) H�+� �� .�=�2 	�
�"��:.
� '15 
�<"� "L� �� 98 l*�� 

:�?	 /��! �"��
�� !��A��
� �����3��� *� ��Q�2 F<��G��R��� 
< E�Uj�A7+3!� ?���� 98 l*�� TA"/ .&+U�� 98 1A"���"� '15 

¡aaa �+�"� 	 ?��
� !��A�
� �����3��� *� �Q�2 F<�G��R��� 

"��f E�Uj���A?���� 98 l	"< .&]aaa ��+
��<"� "�L� �� ?�
..
� '15 

:2?
 /,��! � "����"� 98 l*��A98 '1�5 c���&� .�& 
���<"� "��L� ��
�!$�&� ��� .��5 .&-� �� 
  
��� ���;�� �4�A�"�� 1�5 '��� O�

� 
4
�>�A����	 '1�5 c��&� .&!� 
�NPG� "�� �� �A E���:@� 
�� *�
7�+
G��� 
j2"� *�I�AU��� �� ?�N��� THA
�� 	 .�
� 
=��A�� c1�� �

$��� �"�
� H+�� �� TE��:@�+HR�	w)� TA"���"� '15 c�&� .&
\aaaa �+..
� '15 �"< ?� 

HAG%&�&�� 
� 
#�� ��A7G� �"� .+������ 
4
�>� �� �����

��G
 ��Kk T'(	")+* �+�"� "�j>�A
�-2 �A7G� �"� .+������ ��

:.
� '15 
�<"� "L� �� 
��G
+�\:7G� �"� �+ 
�� ..�
� '1�5 �"�< "U�Q �����4�!�"�5+y

��������"#��,�-��	 $	1� '(	")!"� "�L��� c���� 
�� '1�5 
��<
..
� 
��G
+�r:7G� �"� �+ "���"� �\r'(	"�) �� M�js� 
� ) 1�Q�� ����
��"&�!� '��U�
�!����Q �� ..
� '15 
�<"� "L� �� (��5!�� 
� 
 ��m<�� ������� �+� $�" �+ 7G� �"�� H�+����	 T�!�A.�- �"�+* c�����

�����������A�� 	 .���
� '1���5 
����<"� "���L� �� �1���� *� "�����
��"
+
��J�����Q��/!���#�� �A� 
A� ..-+
�� �"�< H=��A�

H�<"� "L���+
���� ����=	�!'(	") �� �����"&�!
��<"� "�L� �� 
���Q�� T.
� '15!���  $:  ��1�� �� 
 ��J�2 ��� 
�P��� ��

+
���� Q��/ 	 ��!*�
�. "5 ���.���� E�<�G� 9:;�< 	 98 

��G
+�]:7G� �"�+?���� �r[� '15 
�<"� "L��� 1Q��* ..
+�"
3��� ��
 "� �12 "��!���  ��X�7G� �"� T15�� 1Q��+M
�G� �



Table 4: Water balance metrix for the study area (m3/day)
�?��e$?	1#
�*���
�=�P� '���� '�	1>� �� 98)m3/day(

Supply
��G 
S���

Input

?�?:

Total input

?�? 
0:

Output
�?�9�

Output
?�9��

Components of NRW
��>�
 W?�+ @> �	J�	

Output
�?�9�

Output
�?�9�

Well
'�k a

22434

Authorized
consumption
*�D� �����

17566

Billed authorized
consumption

1�8�� �� *�D� �����
17547

Billed metered consumption (inc. water exported)

345 ",+� 
� !j+�>� 98(!j l	"<) �� a

Revenue
Water

1�8�� �� 98
17547

Billed metered consumption
(§4� �����) 1�8�� �� '15 �"A� '*�1�� ����� \¡[_¡

Subterranean
canal
E�G�

a

Billed unmetered consumption
'*�1�� �����(§4� �����) 1�8�� �� '1�� �"A� a

Unbilled authorized
consumption

1�8�� $	1� *�D� �����
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Unbilled Unmetered Consumption
(
345 ����-5) 1�8�� $	1� '1�� �"A� '*�1�� ����� a

Non-Revenue
Water

1�8�� $	1� 98
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Fountain

&�k a

Unbilled Metered Consumption
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Water losses
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Apparent Losses
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$*�S� *� .�� a

Other Sources
F��G� "+�
 a

Background losses

GA�* E�Uj� *� !5�� CD2 \^]¡

Leakage Service connections
HA "��� E������� .�� ¡a 



�  SO 3��Q L�� 8-��1...dx.doi.org/10.22093/wwj.2017.39480 

121 �����
��	
��
����� � ��

Table 5: Cost of different measres of reducing NRW in the case study area (Thousand IR Rials) 
�?��f$
G+7� !���=�P� '�	1>� �� .<� �1� R��  �����3��� 
� |��"� ���(?�+� ��7�)

Row
U6
�

Type of Losses
/<� ��; '(= 

Strategic Approach 
��C %d	�	 ��v;	� 

Unit 
�!	? 

Quality

	�AG

Unit Cost
�; %�6J;

�!	? 

Labor 
Cost+ 


J�QH
 %�6J;

Materials
Cost 
%�6J;

}��8�

Permit Cost  %�6J;

�(�� 

Total 
Cost 

%�6J; _��

1

Real Losses 
!���	 .<� �1� 

Leak detection
!��+ .��

Km
"���jA 69 2000 13800

0

2
Connections Repair

"A&��������E�
Events
'"N< 85 4300 2000 500 1800 73100

0

3
Main Pipe Repair
!jQ� 
=�= "A&��

Events
�1� 1 20400 11000 4000 54000 89400 

4
Valves Repairs
EB8"A5 "A&��

Events
�1� 1 6816 3000 816 3000 13632 

5
Connections replace ment

E������� �*�
��
Unit
'"N< 114 13520 4520 4200 48000 3082560

6
PRV Instalation

H35���< "A5 M�� 
Machiner

y
'�,�
� 6 225200 18000 20000

0 2659200

7
PRV chamber construction

Hu5 ���< 
%���� ./�

m3

M�3�"�� 6 95000 45800 42000 7200 1140000

8
Valves Monitoring
EB8"A5 CLG� �����

Round
'�	�

130
0 30 39000 

9
Pressure Control and Monitoring

���< R+�) 	 ?"�G 
Set
.
 6 140 

daily 
30000

0 1800840

1
0 Apparent 

Losses 
.<� �1�
�"��f 

Meter Replacement
���G  §+���

Unit
'�,�
� 54 4100 550 3600 44550

0

1
1

Large Meters Test and Calibration
-� 	 6�7� ������G  CLG� .

$�A
�"4A=� 
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Table 6: Cost of different scenarios to reduce NRW (milion IR Rials) 
�?��t$7�+
G�������3��� 
� |��"���� ��G
 ��
� "� 1�8�� $	1� 98 R+����2�"@!'15 

Scenario 1: Interest
rate = 0% 

:(6���H#
6J�G ��= :
�4�

Scenario 2: Interest rate 
= 12% 

:(6���HD
6J�G ��= :#D%

Scenario 3: Interest
rate = 25% 

:(6���HE
6J�G ��= :
DP%

Scenario 4: with 
reducing Interest rate 

H:(6���e
6J�G ��= :DP%
W��� �+ ���;�^

Appraisal period (years)
h"@ '�	� 25 25 25 25 

Capital Costs (million IR Rials)
E�Uj� R��  ��"� ���J� 
+��"
 
G+7�

(?�+� $�AjA�)
10,969 10,969 10,969 10,969 

Whole Priod Life Costs 
(million IR Rials) 

� 
G+7� ��&D�(?�+� $�AjA�) h"@ '�	
57,215 57,215 57,215 57,215 

Economic analysis on the basis of real water price (milion IR Rials)
98 !���	 l*�� ��G4� "� ������� �Aj>�

Present Value of Benefits
(?�+� $�AjA�) ��
 !j�< l*�� 162,967 54,108 29,042 31,560 
Present Value of Costs
(?�+� $�jA�) 
G+7� !j�< l*�� 57,215 24,378 16,848 17,627 

Benefit Cost Ratio Benefit
Cost

2.85 2.22 1.72 1.79 

Present Net Value
(?�+� $�AjA�) �=�/ !j�< l*�� 10,5752 29,729 12,194 13,933 

Economic analysis on the basis of the purchase price of water for real losses and selling price for apparent losses (milion IR Rials)
��3��� ��"� 98 1+"/ .&A� ��G4� "� ������� �Aj>����"��f E�Uj� �����3��� ��"� 98 l	"< .&A� 	 !3+7A< E�Uj� �

Present Value of Benefits
(?�+� $�AjA�) ��
 !j�< l*�� 79820 26502 14225 15458 
Present Value of Costs
(?�+� $�jA�) 
G+7� !j�< l*�� 57215 24378 16848 17627 

Benefit Cost Ratio Benefit
Cost

1.4 1.09 0.84 0.88 

Net Present Value
(?�+� $�AjA�) �=�/ !j�< l*�� 22605 2123 -2623 -2169 

Fig. 2: Cost diagrams for the different scenarios of reducing NRW based on  purchase water 
price for real losses and selling water price for apparent losses 
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Fig. 2: (Cont’d) Cost diagrams for the different scenarios of reducing NRW based on  purchase water 
price for real losses and selling water price for apparent losses 
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Fig. 3: Cost diagrams for the different scenarios of reducing NRW based on  real water price 
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