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Abstract  
Under transient flow condition, the behavior of water conveyance system varies 
according to their characteristics. In the present study, the pressure was measured 
using a fast and sensitive pressure gauge in Bukan and Piranshahr water 
conveyance system. The pressure simulation was conducted using Bentley 
Hammer software. The friction head loss was calculated by different methods. 
The results showed that Unsteady Vitkovsky method had minimum error 
comparing with other methods. Wave velocity increase had direct effect on 
maximum pressures while velocity decrease affected minimum pressures. In a 
shorter water conveyance system, the reduction of wave velocity had direct effect 
on maximum pressure. Destruction to the long conveyance system was more 
probable and maximum and minimum pressures occurred during the first period. 
Shorter conveyance system had more pressure fluctuations and the minimum 
pressure did not occur in the first period. Coincidence of periods happened at the 
beginning and continued untill the end of data recording in the longer conveyance 
system. However, as time passed by, such coincidence did not occure in shorter 
conveyance system. 
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Table.1. Characteristics of  pump stations and 

conveyance system in Bukan & Piranshahr 
System Unit Piranshahr Bukan 
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Active Pump Set 2 2
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Pump elevation m 1405.6 1400.2 
Pump & electro motor  
inertia Kg/m2 6.5 6.53 

Motor rotation Speed rpm 1450 1450 

C
on

ve
ya

nc
e

Sy
st

em

Water level in suction 
reservoir m 1408.5 1408.7 

Discharge Collector 
axis elevation m 1407.1 1401.7 

Discharge  collector 
diameter mm 500 500 

Axis elevation of 
reservoir input to 
discharge pipe  

m 1503.8 1473.7 

Static Pressure mH2O 96.2 70.6 
Dynamic pressure mH2O 101.5 74.63 
Vapor pressure 
(relative) mH2O -8.44 -8.44 

Pipeline Diameter Mm 500 500 
Pipeline Length m 6270 870 

Pipeline material - DI DI 

Number of air valves Set 7 1
Flange diameter-type 
of air valve Set 100-

double 
100- 

double 

W
av

e
V

el
oc

ity

Steel pipe

m/s 

1100 1100 
Ductile iron Pipe 1130 1130 

Asbestos cement pipe 845 - 



"	� � �X �6#��� x�,P� ��� ......... dx.doi.org/10.22093/wwj.2017.54595.2198 89

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol.29, No. 2, 2018 

Fig.1. Project region situation 
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Fig.2. Longitudinal profile of Bukan conveyance system 
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Fig. 3. Longitudinal profile of Piranshahr conveyance system 
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�!�� ,� ���� 0����6 

[)b)��Q�� *&0 &; Y`�$ p]��B� 

6 � C! +�+ 	:$
N+�&!����/ �$-� �� ��() �
�	
�!�3+ 	���7
>?/�$ ��$
N+ �-"���=�>?/ 0�L�� @7� 	:$
N+ ��ª��1 ���o

�+ 5�"*+ ���' 
� 	:$
N+r�t���
�+���' 

)r+ (�C! + 0VV
2D
f

ds
dzg

s
p1

dt
dv =++

∂
∂

ρ
+

)t�&!���6 ( 0
dt
dp1

s
v2a =

ρ
+

∂
∂

V�/ LT��-
�
 t
�
+� ρ�
&g���
E
 P
�
3�s
�
�9�� �@7
�g


0�V 5
!'zT
=��� �����
f�o-���$ f��-�
¬
�" D  
����� ���1
a+ I�+ LT���.� '
� 

1380

1400

1420

1440

1460

1480

0 100 200 300 400 500 600 700 800 900

H
ig

ht
(m

)

Distance from pump station (m)

1380

1400

1420

1440

1460

1480

1500

1520

0 1000 2000 3000 4000 5000 6000

H
ig

ht
(m

)

Distance from pump station (m)



;�X ����J�� 	 ��i� "
� �j� dx.doi.org/10.22093/wwj.2017.54595.2198 90

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol.29, No. 2, 2018 

� �# W
�� �� ª�1 ���o �DJ3+ 	:$
N+ LT������-� 	���7
L�� 

)y(











 +==++

==+−

Ca
dt
ds 0VV

2D
f

dt
dH

a
g

dt
dv

-C-a
dt
ds 0VV

2D
f

dt
dH

a
g

dt
dv

 

0o
=� X�� �� �$
=!�� 
� 
#%$��*+��
�� 	:$
N+�	��7 �� 

�-�!"") ��
�%+����' 

)|(+
−−−− =

∆
+−+− C0VV

D2
tf)HH(

a
g)VV( 1i1i1ipi1ipi

)q(−
++++ =

∆
+−−− C0VV

D2
tf)HH(

a
g)VV( 1i1i1ipi1ipi

��' �� �$
=!�� 
�-���+ ,%	:$
�N+ 
�� 
�.�� �
�+?9# 0�G ����

���%��+ R�'%
©96 ��$
N+�+ 07
G�.$�' 

)v(

0)2V2V
D2
tf

2H
a
gCp

a
g

2V(

1Vp)1Bp
a
g(2

1Vp)Ap
a
g(

=
∆

−−+

+−+

�-$
�+Ap �Bp �Cp � �$�� L�
V 4!���) ��a� �$ 
� �� ©�96 Y���
 0���
1 ����
��� Z��
���
n 
��- ©��96 ���DJ3+ ��� * + %�� I��J!����

 .� !"#��+ K�$ �/�$ ��$
N+ 0G 
������ �a� $��+%��# � LT���
�
3�%+ 07
G�$�'.

[)j)	hv4� 7�� �!

E���9N+ ����-1$ � 4���l����-	:$
��N+ 0��G X�� 4r�tX��
�DJ3+ 
#L���DJ3+ C�� �� . 
#%��$
N+y� �$�	
�D!J+ C!"

s-t 0Q' l�
�+|L9"1 �� ���� � ��' �$
=!�� 
#%�
�"+%�"���C
+�%��� .$�' ~-���� 
� �-�/ ��
+� K
) �� R���+ �-$
�+ �)$
�P

0��1 ��
�+� K
) �� R���+ K�@N+ �-$
�+ ��$�$ �
�3� ~-���� �����
 	:$
N+ � ��'|�q+ �!'���.$�' 

��� X�� 
� �DJ3+ 	:$
N+ 0G %��� +��- �$ �����w

1 Finite Difference 

Fig. 4. Temporal & spatial steps of a point in 
characteristics method 

_K�b)� ��
+� 0G��+ �DJ3+ X�� �$ �Q�' �� ���� ;- ��
Q+ 
#

�� �� ���� E�� �$
� C!"��N$��9� C�"�� %�
"+ L9"1.4�-� �$
 ����� L9"1 �# E�� 	��7

N
Ls =∆��' ��#���
�����+ 4-���
� �

∆s� ��' K�@N+4-� �� ����+ f����
a
st ∆

=∆�� ?�����#��� L��$ 

.�+� �$��� �J�3+ 
�∆s�� �� �%� * + 	:$
�N+���DJ3+ 
�#
 ����+∆t��L�$�+.�-� 0Q' l�
�+��Q�' �%�DJ3+ �� C��� 
#

�+ �$
=!�� 
� � $�'��' ��-��� ,�����' � �-,���+
%$
��+-� ��# �
� LT���L�$�+�-�� .-�
+� 
� 09T 4�$
�+ ��-�$ LT�� � �# �

$�' ���
*+ ���� E�� R
�� K
9�
6 �+�$��+ ���.� � 

Fig. 5. Characteristics method gridding 
_K�j)�DJ3+ X�� �� 0G %� � �Q�' 
#

� �$��-�
��+� 0��7��� 
��?���� K���� 4��
��Q+ ���Q���' ��� �%���������
�
+�����*� �� ;%N���4�+$�' ��&9# ���-�
)�
�� �%��C!�"

 07
G $�'(Taebi & Chamani 2006).

[)l)7�� -`�eR1� L�� 	/��F� "�! 
[)l)Z)��#9�E 	/� ��eR1� 

� �$-�o L�
G 4-���$ f��-�L��
G ��� �!�"��� ���� �# �$ ¬
�"
���
+� K
) �$ C!"�@�1��o ��!�� �$ .L��-f��� U
Q�7�%��#

N�
� ������/ ��-��� �
��Qo L�� ��' �� �-
6 L�
G ,-�/ ��� �- �




"	� � �X �6#��� x�,P� ��� ......... dx.doi.org/10.22093/wwj.2017.54595.2198 
91

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol.29, No. 2, 2018 

+ �$
=!������ .$�'%�
_� ����+-�o 4-��� 
U
Q�7� f%R���+
� ���� �# ��������� �@-+��� f�/ ����� 4%$-$�+ K��)
%�$
=!��

�+ $�'��� .%K
) 
#%�
�+����N�%� $��T-��� ����� ��# �$ �����  

#���Q� LT�� W
��%@�1���o ~{�� � ����
*+-U
Q��7� f

N� ��' K
& .���+ 4�
6 L��
G U
Q��7� X�� .$�' �- 8�1�� �$ ���
7
� L�
G�
6 ��' X�� ��-���L�� �$ ��-��-���� X�� 4���

L�� 4-� e� �
+� 
� U
Q�7� 0+
T ����9� ��.� � 

[)l)[)��#9�E�0 �9 ��@V ��eR1� 


�+ �$-L���
G 
��� ���" 
6��- ��� U
Q���7� 
����Y���1� �
��+� �$ E

#�������� ��() ;�$�e� 0���� 	��-�?��� � ��(�) �
3� 8-M �� M

'���'
3!_���/-�?�� 
�
-�+ M�-!1��+ 5
!�' .���
�LT��� �
�@�1 �
+���9.+ M��� 
�N� �$ ��� � ��(�) U
Q��7� 4-�+ 
�=�.�� �

����������$�$ �@ 
��#%
+��-#
&��3�E���+�� �
��#%�
��3!��-�$ ���!�
 
E
� 
#%������ 
�%9J����() U
Q�7� 0+��T 46 X���$
. �3%
���%
6
� U
Q�7� E�+-��� �� ��� �- ���' U
Q��7� 0�+
T ���' L

6-L�� ���
��	��7��$
N+ v+��'
� 

)z(1 ( Min�°±
²³
²� ±
´ , β� 

�� ��$
N+ 4-� �$ 
V
LT��t
 �
+�g0�V 5
!'α=10000  �β=4.

>?/ LT�� I��J!������� �# �$ L1�+ 5
!' � �
+� �aGF+ 
� 

L�� �
+� K
) �$ ��@�1��� ����+N���.L�� ��' 44!'�$ �a� �$

M#�]6 %
# K
O��-� �$ �!�
-$ X�� 
$���+ 4-��(�) U
Q��7� ��&
��
6
� L��
G U
Q��7� E�+�� .L�� ��' �>��� ?�-� ���-Q�"��Q!�
��� 	��7-�L�� 

)p(f � fq ( ¤¶
·|·| I

¸·
¸� ¹ a ±¸·¸+±J

��$
N+ 4-� �$ �n 
f���$ U
Q�7� 0+
T��-�
¬
�" fq  ���' U
Q��7� 0�+
T ��=��+

6-� $�T W
�� ��)���-��� ��' K
& .� ���� %�/ ����
*+ �# �-
(�

D
���� ��1V�/ LT��-
�
 t 
�
+� a  
I��+ LT�� �
�+� + ����
:
� LT��%
 �=�7j�
�+� �� LT��� ��� �- 
�=�7 �x
�@�7
� k 

�o-.L�� ������� U
Q�7� f�o-fk� ���$
N+ �� �$
=!�� 
� �- �
+ ���
*+�$�' 

)u(
2

*C
k =

��$
N+ 4-� �$ �n 
C*�o-'�� L�� f�$��%���� ��� L���%�/�-�

�#%:�-��%

C*=0.00476 L����� .%�/-�

#%�!='� �� ����+�� 	���7 �- �
+ ���
*+�$�' 

)rs(
)

05.0eR
3.14log(

Re

41.7*C =

[)m)�H� L.&� 	/��F� 
��� I�+ LT��%���� 
#%$:���%���g �������$
N+ rt����
*+

�' 

)rr(
)

eE
CD

k
1(

1a
1

*
*

* +ρ
=

��$
N+ 4-� �$ �n 
a
I�+ LT��ρ�
&g�
+-
8k!�:� E��+��"��9OG �!����
E
D


������1C1�o-
���� L�
G fEE��+-���
 �e����/ L+
J�o
 L�� ����(Chaudhry 2014).

[)n)-�C���4� 
���%O ��
3� K
O������[ ���
3� �
&!��$ ��� �
 L��� �
�3� �$ .
�"��� �
3� 
-�-�= + �
3� 
�="9�� ;��+ ��!��) ��a� �$�.$��'

��-������ 0)��%��"� �
3� d:�9N+ �
3���+ �
�3� ����� #$ .��

�-�"� �
3� �� 4�) �
3� 
�[���+
� ?�+ ���.$��' $���+ [ ���
3�
� �$ �$
=!������- 4M#�]��6 Y���� �� $-O��
��!�����
��
� L�
��� �

�@��>���� .$�� ~-E��+ 
� ��" � 4PA-21Y ��' 5
�J!�� 
�� ���
 � � 	
�DJ3+ ��� �/���
#���" �%��� ���%��-�
�3� L���' 4

rsss +�@�+ �
3� �=7 ����� �� l@�+ �
��� �
3� �$��*+ .�#$-4
�� ��" � rj
�|s� 
� �
� +�/��� E
 &�|
�ts+�@��{+�L�� 

���$ �%~�
����� �$����*+t��(e� � ?��#���@��- �p
���ytL����
+���1 
� �
3� E
D�� 0*+ .�'
�|/r�-� L�� �� �$
=!��� 
�� ���

 
1 Gage pressure 
2 Keller 



;�X ����J�� 	 ��i� "
� �j� dx.doi.org/10.22093/wwj.2017.54595.2198 92

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol.29, No. 2, 2018 

-��� ;-
� �� 0-?t/r�-O ���
3� 0*+ �� � �0�7� ��+ $��' .
@�
1�L��
6 #$���" ��� �!9n q+�@��
V��L�� W
��� �� L1$ .

���!.� X��-�!��"+ ,��� 4�f���
 + C������%
��+$%s
���qs���/ �$
"@��W�
�����r.L�� �7�$ 

[)o)
#CC` L/W 
��� �!


�$�$ ���  � L��V �
&!��$ ,���� 
�
�3� ���" � �� ��' E
��� %
#
�$�$ �$ �� 
# 0Q' %
#v�z�+ ��-$ ��� 
$��' �
�3� $���T� 	���7

 L�V �
&!�$ �a�
G �$ 
�O ��
3� 0*+ �$ $�/�+�+$�'.

Fig. 6. Data logger & pressure sensor in Bukan 
_e�l)�$�$ ��  � L�V �
��� �
3� ��" � � 
# 

Fig. 7. Data logger & pressure sensor in Piranshahr 
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Fig. 8. Pressure changes observed from actual data on discharge collector of Bukan pumping station 
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Fig. 9. Pressure changes observed from actual data on discharge collector of Piranshahr pumping station 
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Table 2. Initial periods of Piranshahr 

Half 
period 

Time of 
half period 

Duration 
of half 
period 

Proportion to 
first half 
period 

(percentage) 
1 12.45306 12.45603 
2 23.62041 11.16735 11.51% 
3 38.17551 11.5551 7.77% 
4 46.34286 11.16735 11.51% 
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Table 3. Initial periods of Bukan 

Half 
period 

Time of 
half period 

Duration 
of half 
period 

Proportion to 
first half 
period 

(Percentage)
1 3.579344 3.579344 
2 4.989544 1.4102 153.82% 
3 6.82024 1.830696 95.52% 
4 8.456072 1.635832 118.81% 
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Fig. 10. Pressure changes in a time period on the 
basis of actual data in Piranshahr 
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Fig. 11. Pressure changes in a time period on the 
basis of actual data in Bukan 
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Fig. 12. Pressure changes from 0 to 12 seconds for Bukan 
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Fig. 13. Pressure changes from 0 to 30 seconds for Piranshahr 
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Fig.14. Pressure changes from 0 to 230 seconds for Piranshahr 
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Fig. 15. Pressure changes from 0 to 180 seconds for Bukan 
_e�Zj)��
+� �$��*+ �$ �
3� 	����e� �=7 
�rps �
��� %��� ���
V 

Fig. 16. Investigating actual and simulated data errors at 
initial times in both pump stations 
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Fig. 17. Investigating actual and simulated data errors 
during data logging for both pump stations 
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Fig. 18. Maximum pressure values in actual and 
simulated data for Bukan and Piranshahr pump stations 
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Fig. 19. Minimum pressure values in actual and 
simulated data for Bukan & Piranshahr pump stations 
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Fig. 20. Difference between maximum values of 
simulation and actual data (percentage) 
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Fig. 21. Difference between minimum values of 
simulation and actual data (percentage) 
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Table 4. Net difference between maximum and minimum values of the models and actual data (mH2O)

Pump Station Bukan Piranshahr
Time 0-6 0-295 0-24 0-230 

Method Max. Min. Max. Min.  Max. Min. Max. Min. 
Quasi steady -12.81 -1.63 -1.34 -5.78 -4.58 -2.22 -4.58 -5.41 

Steady -12.81 -1.64 -1.34 -5.88 -4.56 -2.23 -4.56 -5.55 
Unsteady -14.61 0.27 -3.24 -3.36 -14.62 -1.52 -14.62 -1.52 

Unsteady-Vitkovsky -13.81 -1.73 -2.64 -3.59 -6.71 -2.11 -6.71 -2.11 

��#Nj)E�+ 01��G � �����G �-$
�+ �$ I�+ LT�� 	����e� ��V�� �� L�"� �$�$ (5��!+)�N1�� %
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Table 5. Wave velocity changes in maximum and minimum values of the models and actual data (mH2O) 

Pump station Bukan Piranshahr
Time 0-6 0-295 Time  0-6 

Wave velocity changes Max. Min. 
Wave 

velocity 
changes 

Max. Min. 
Wave 

velocity 
changes 

Max. 

+5% 165.6 -10.48 165.6 -10.48 182.33 14.2 182.33 
-5% 171.5 -10.48 171.5 -10.48 174.88 21.2 174.88 

+10% 175.4 -10.48 175.4 -10.48 193.4 9.9 193.4 
-10% 185.5 -10.48 185.5 -10.48 175.2 24.3 175.2 
0% 165.3 -6.35 165.3 -6.35 176.9 16.7 176.9 

Actual Data 167.94 -2.76 167.9 -2.76 186.6 18.8 183.6 
"+0.5%" 165.6 -9.2 165.6 -9.20    
"-0.5%" 165.5 -7.07 165.5 -7.07 
"+1%" 164.4 -9.43 164.4 -9.43    
"-1%" 163.1 -6.84 163.1 -6.84    
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Fig. 22. Pressure changes percentage for actual data in 
Bukan 
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Fig. 23. Pressure changes percentage for actual data in 
Piranshahr 
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Fig.24. Variation of pressure to wave velocity in 
Piranshahr 
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