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Abstract

Introduction: The use of treated wastewater has been common in various countries around
the world for a long time. With increase in world population and the need for more water
resources, the use of treated municipal wastewater for irrigation is expanding. One of the
limitations of using treated wastewater for irrigation is the cost of transporting it to
agricultural areas. In general, costs of water conveyance line are estimated using pricing for
constructed projects that may be similar in the size, material, and depth. The water supply
system for irrigation in the plains of Varamin and Pakdasht in the south of the capital has
always been considered due to its size and socio-economic importance. The presence of a
large treatment plant in the south of Tehran can be a reliable source of recycled water. This
treatment plant with a capacity of 700,000 m?/day produces effluent of suitable quality for
agriculture from the municipal wastewater treatment process. Part of this wastewater has
been transferred to the irrigation network of Varamin through a 36 km long open canal for
the last 30 years. The effluent extracted from Tehran water treatment plant provides the
conditions for the implementation of an efficient plan to solve the existing problems and
provide safe water. Based on this, a 36 km transmission line with a water delivery structure
to the downstream irrigation network was considered. After the implementation of the
project, the transmission line with a discharge capacity of 9 m?/s and the existing canal with a
transfer capacity of 4 m?/s, will perform the effluent transfer work with an integrated system.
The existing canal will normally act as a substitute and complement, and in critical times and
in the presence of rain and floods, it will enter the transmission circuit and operate with the
main system.

Methodology: The case study is the second line of wastewater transfer near Tehran canal in
the south-east of Tehran province. Tehran canal, approximately 36 km long, starts from the
southern Tehran treatment plant located in the south of the Shahre’Rey and joins the main
canal of the Varamin irrigation network. Then, it feeds the main canal (AB) of the Varamin
irrigation network and secondary canals by a water dividing structure. In this section,
different options of material and type of pipe for the second line of wastewater transmission,
such as closed pipes (pipes and concrete boxes) or open canals are examined. The following
is a brief description and economic estimate of the proposed options. In this study, by
examining six different options and based on the material and type of transmission line and
implementation feasibility, a suitable transmission line is selected technically, economically
and environmentally. The considered options were as follows: building a new canal parallel
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to the existing canal, constructing two concrete boxes parallel to the existing canal,
constructing a concrete twin box parallel to the existing canal (in one side of the Tehran
canal), compound cross-section option (correction of Tehran canal), re-lining the Tehran
canal and using a pipeline parallel to it, and finally, implementing a transmission line
parallel to the Tehran canal and maintaining the current operating conditions of the Tehran
canal. To estimate the costs of executive operations, the proposed options are examined in
detail. After selecting the appropriate option, which was to be implemented with thick
polyethylene pipes, the production line of this type of pipes was imported to Iran by
Mohammadian Oil and Gas Engineering and Development Company to produce pipe with
diameter of 3000 mm.

Results and discussion: In this section, the transmission line flow was analyzed at different
hours of the day and the design flow was obtained. Different materials were investigated for
the transmission duct, the roughness coefficient proportional to the diameter and the
material of the transmission pipe for the sewage was proposed, a hydraulic model was
implemented to simulate the flow behavior in the duct and to determine the location of
manholes. Finally, the economic analysis of the project was performed for different options
and the sixth option was selected to implement.

Conclusions: Open canal option in terms of environmental issues and sedimentation
problems and maintenance and operation problems (especially due to sewage, is prone to
algae growth and needs regular and continuous attention, and given the short life cycle of
the project) was not recommended. The cost of execution of concrete box in comparison with
SRPE pipes does not show a significant difference and in terms of technical and operational
issues, execution time, design safety (in terms of leakage) and difficulty of execution is not
comparable to transfer using pipe. In addition, reinforced polyethylene pipe has a significant
advantage over concrete box. Therefore, the sixth option was selected and implemented.

Keywords: Pipe production, Large diameter pipe, Varamin water treatment plant, Waste
water transfer, SRPE pipes.
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Table 1 Geographical coordinates at the beginning and
end of the study area

Location X Y
Start point 540554 3935954
End point 564048 3920298

e Transmission line from the
treatment plant to Varamin

=== The main irrigation network

Fig. 1 Project location and wastewater transmission line
plan
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Table 2 Estimation of operating costs- first option

Price list for 2019 and inquiry costs (miﬁ{gr?Lg]itfils)
Irrigation and drainage 1,713,807
Water transfer 88,270
Buy pipes -
Equipping and dismantling the site 108,124
Cost of ownership 2,100.00
Total 4,010,203
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Price list for 2019 and inquiry costs (miﬁin(:r?lg]itals)
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Water transfer 88,270
Buy pipes -
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Cost of ownership -

Total 3,356,572
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Table 4 Estimation of operating costs- third option

Price list for 2019 and inquiry costs (mi)IAI\irgguF?itals)
Irrigation and drainage 2,986,721
Water transfer 88,270
Buy pipes --
Equipping and dismantling the site 18,499
Cost of ownership -

Total 3,259,492
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Fig. 5 Cross section- third option
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Table 5 Estimation of operating costs- fourh option

L-J}M‘é‘wo)u5ou._:u‘»ob»o)b)&ubb
69959 5 @l o3l (25,5 gl | BBl eolana

S S OM] Cowd 4 c)’Lg kS‘?Jo M ‘@LQ,.)I o)’l...u

03990 03 e VA ol by Ges b Laulyds ol

= Mxia)m AR 9&/\”/\ Sga> uLJ)?' Md]b la oS

Price list for 2019 and inquiry costs (mi'lal\irggu;itals)
Irrigation and drainage 711,994
Water transfer 422,121
Buy pipes --
Equipping and dismantling the site 68,043
Cost of ownership -

Total 1,202,110
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Fig. 6 Cross section- fourth option
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Table 6 Estimation of operating costs- fifth option

Price list for 2019 and inquiry costs (mi'IAI\irgguF?itals)
Irrigation and drainage 271,549
Water transfer 446,061
Buy pipes 2,340,000
Equipping and dismantling the site 43,056
Cost of ownership -

Total 3,100,668
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Table 8 Output hydrograph of treatment on the plan target

(hour) 13.93% (m¥s) plan target (m3/s)
8 35 31
10 9.0 7.9
12 12.3 10.8
14 13.0 114
16 12.8 11.2
18 12.2 10.7
20 12.1 10.7
22 11.7 10.3
0 10.9 9.6
2 8.2 7.2
4 4.4 3.9
6 2.8 25
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Fig. 9 Reinforced Polyethylene Pipe Production Line
(SRPE) ghue oyl b slaalyd g Las 4 S

2 9 1 3590 039 2 cha 90 cpl (silailel, g cuai b
DS oola il Jya.?u U"‘ )‘ M‘}:Ge Silen GLQC).’Q
S o5 a3 o e 5 5555 okl slaalis

ol odal V' Jgaz )8 it 435 din e 8,90 5 09

i 4038 — >l Slles sladiy e o,51 ¥ Jgua

Table 7 Estimation of operating costs- sixth option

Amount

Price list for 2019 and inquiry costs (million Rials)

Irrigation and drainage --
468,815

Water transfer

Buy pipes 2,772,000
Equipping and dismantling the site 28,128
Cost of ownership -
Total 3,268,944
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Table 9 Input hydrograph of pipeline and Tehran canal
with application of flexibility coefficient

Time Discharge (m?/s)

(houn) Pipeline Tehran canal
0 9 1.9
2 8.2 1
4 4.4 0.5
6 2.8 0.3
8 35 0.4
10 9 1.1
12 9 33
14 9 4
16 9 3.8
18 9 3.2
20 9 3.1
22 9 2.7
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Table 10 Average of annual volume of evaporation from
the surface in different construction options (m%/s)
Annual volume of evaporation

Alternative
from surface
1 6876
2 2700
3 2700
4 3996
5 1440

s (U els) (al38 pylez aniS o 12l 5,50l
Sldes g 5 Li> e &Y Tmile 4 5o Jds

Journal of Hydraulics

17 (2), 2022

140



VFe) oylinali (¥ o ylod VY 0,90 Slgyiae

0 dide glha T ( Sy e gileand sl RAS SS9y Jowo gl o -F-Y-Y
Sl oads oals LS VO BN sla S o5 4) (G50 dalid g cwain byl )l den Ll |
cluiml b (Sdgjae gLol 5 s b b ool 5o el ool 4y (Sgyae Joe (A abak O xhaw
5 abge 5 b Lol en colay JlSl oo aci HEC- Jocs (pizmen g Sewer GEMS Jos >,
teh-can  Plam plan 7242011
Joas feh can 2 J—sencan 1 — —
LG-U-E
e DS
TG Qeat
EG O=d
WS Oef
SRS
WE Q=%
Crt 0et
WS Qed S
Gt e s
WE Q=4
Cre Qnd
Ground
§
&
! 5000 10060 15000 20000 25000 3000 18000 40000
Fig. 11 Hydraulic profile and energy line- first option
e a5 -5 b 5 (Sdg e (Lol S b e 1) 5%
1,036.00
1,035.00
1,034.00 B
1,033.00 |
1,082.00 /
1,03L.00 el -
1,030.00 > 4 // ’
1,026.00 AL CanlliE; > S
p— ! o
1,028.00 - AN
N L]
1,027.00 L
| —
~ 1,026.00 L
T 1,025.00 e
o L]
1,020 1 = .
9 L~
B4 02300 - e e TR R T e STt |- || ST S S
w
1,022.00 Sin
1,021.00 -
1,020.00 1
1,018.00 ]
1,018.00
1,017.00
1,016.00
1,015.00
1,004.00
1,03.00 ’
1,012.00
0.0 20000 40000 60000 80000 100000 120000 14,0000 15,0000 180000 20,0000 22,0000 24,0000 25,0000 280000 30,0000 32,0000 34,0000 36,0000

Station (m)

Fig. 12 Hydraulic profile and energy line- second and third option
P 9 P9 aniS —hpl b g (Sgyaee pbalS b e IV S

Journal of Hydraulics
17 (2),2022
141



Vo) (63308595 9 o wpgd b gl g (Sdgyuun b (sl S

fteh-can  Plascplan Ti242011
teh can 2 d— tencan 1 —|

“EG 0w
WS o

o o
Grossnd

Elvation (1)

e 10600 20000 30000 40000
)

Fig. 13 Hydraulic profile and energy line- fourth option
plez a5 655l b3 g (Sdgpaee (Lol S b £ e WSS

1,036.00

1,035.00

1,034.00 &
1,033.00 /
1,032.00

1,031.00

1,030.00

1,028.00

1,028.00

1,027.00

]
5
R
H]

1,025.00

1,024.00

1,023.00 1 e

Elevation {m

1,022.00

1,021.00

1,020.00 4

1,019.00 | RIS e

1,018.00

1,017.00

1,016.00

1,015.00
1,014.00
1,013.00 ¥y

1,012.00

0.0 2,000.0 40000  6000.0  §000.0 10,0000 12,0000 14,000.0 160000 18,0000 20,0000  22,000.0 240000  26000.0  28,000.0 30,0000  32,000.0  34,000.0  36,000.0
Station (m)

Fig. 14 Hydraulic profile and energy line- fifth option (use of a 2400 mm pipeline)
(S ocshen TE+ + algl o S 5l oslizal) pony 435 (550 o 5 Sy e &y VP JSC

ol oal abog e BI,S5j0em (6l S g 0ad gy 63935 (20 (P9 e 4 4z b el el pae Jsbo
Sl Jusl pgs b amsge (las 485 S g0 Julow Slsagame lo ojl )3 pae (Job cud izmen
abis a1, M8 4 arin oo b 53,9 S1Tg0n i S (g oghiee sbml p Jlad Cod by s
Sleoe Jie A i o olpl pede j0 g5 SeWErGEMS Jow by ggog0 (pl ol ol51 5,150

Journal of Hydraulics
17 (2),2022
142



V¥ OMU Y O)M Y 099

Sy

1,037.00

1,036.00

1,035.00

1,034.00

1,033.00

1,032.00

1,031.00

1,030.00

1,025.00

1,028.00

1,027.00

1,026.00

1,025.00

1,024.00

Elevation (m)

1,023.00

1,022.00

1,021.00 |-

1,020.00 |-

1,019.00

1,018.00

1,017.00

1,016.00

1,015.00

1,014.00

14

1,013.00

1,012.00

0.0 20000 40000 60000 80000 10,0000 12,0000  14,000.0

16,000.0

18,000.0

20,0000 22,0000 24,0000 260000 28,0000  30,000.0 32,0000 34,0000  35,000.0

Station (m)

Fig. 15 Hydraulic profile and energy line- sixth option (use of a 3000 mm pipeline)
(Grohea Ve e gl bz Sy sl osliiul) @il 435 6551 bas 9 (Slgpans 0LolS b 250 1O S

OLLS 025 (o0 518 YL e /D apeS (eey mlaw b
Sleslaul g b slal g a>g L as col So9lol
Sy ume byl b L Jlas! abele bz glamas 35
5hJlast Juls o) of5l o b by sl aoglae
S35 5 g 3 3l Jaa sl s HEC-RAS i3l 5

el 00 oslawl Sewer GEMS
39 Sl oals oaly i JeS JUIS & jglome jo gl

6‘)_.: 03— du._.«.u'.?r.«o 6L_®‘;).»5 Ao V) ch..\._'>

el 00l 7y alises sleas ¥

Fig. 16 Executive process of water conveyance line
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Table 11 Summary of the physical and hydraulic features of the considered options, calculated and designed based on the
project conditions

Discharae Avarage of | The shape of the The
Altrnative Description 3 g longitudinal |  convayonce material of Dimensions
(m3/s) - .
slope conduit the conduit
constructing a new canal bottom width: 5 m
1 parallel to the existing 9 0.0004 Trapezoidal Concrete  |depth: 2.5 m
canal side slope: (1:1.5)
constructing two concrete —
2 boxes parallel to the 9 0.0004 Rectangular box | Concrete bo.ttorr'1 width: 2.5 m
o height: 2.5 m
existing canal
constructing a concrete
3 tW.m 'box parallt_el o the. 9 0.0004 Rectangular box | Concrete bo.ttorr'] width: 2.5m
existing canal (in one side height: 2.5 m
of the Tehran canal)
compound cross-section —
4 option, modification of 13 0.0004 Compound Concrete bottom width: 5 m
channel depht: 3.5 m
Tehran canal
re-lining the Tehran canal |6 (pipe line) . L .
5 and using a pipeline 7 (existing 0.0004 Tragﬁi?;lc;?l * géncrete+ Er:Fne diameter: 2600
parallel to it canal)
implementing a pipe line
parallel to the Tehran
6 canal and maintaining the
current operating
conditions of this canal
6-1 Steel Pipe 9 0.0004 Circular Steel Diameter: 3500mm
6-2 Concrete Pipe 9 0.0004 Circular Concrete | Diameter: 3500mm
6-3 PE Pipe 9 0.0004 Circular PE Diameter: 3000mm
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