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Abstract

The distribution of water resources and rainfall in the world is
not even and accordingly the inter-basin water transfer is
sometimes necessary in the form of water projects for the
collection, transmission and creation of appropriate quality
for balanced development of human activity. On the other
hand and in addition to the issues we face in managing and
exploiting the reservoirs, it is important to consider and
model hydraulic and hydrologic flow conditions together. In
this study, three dams (Yalan, Pashandegan and Gokan) and
two water transfer tunnels transferring water from Yalan dam
to Gokan dam were considered as case study. For the
integrated simulating and optimizing, two algorithms were
connected with each other and were as well linked
dynamically with Epanet software and solved the water
resources model, and took care of the hydraulic modelling
and dynamic programming. Since the water flow through the
tunnels are under pressure, increasing dams’ heights will
cause the decrease in tunnel diameter for 95% water
conveyance efficiency. The results showed that the most
economically optimum combination for water transfer in this
project would be met with Yalan and Pashandegan dams at
the heights of 148.37 and 59.36 m, respectively, and with
Yalan-Pashandegan ~ and  Pashandegan-Gokan  tunnel
diameters of 2.8 and 2.95 m, respectively. This project set
would cost 5313.69 million Rials.

Keywords: Water resources planning, Optimization,
Simulation, Reservoirs, Water transfer efficiency, Dynamic
Programming.
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Table 1. Dam construction costs versus different heights of Yalan and Pashandegan dam
OBy 9 oM glaaww sl (o 31w g1 g a3 Gy alal) Y Jgon

Relation between dam’s height and its cost

Yalan Pashandegan
Height dam (m) ~ Dam cost (Rial x10°) Height dam (m)  Dam cost (Rial x10°)
0 0 0 0
80 734 20 149
100 1180 40 298
120 1760 50 384
140 2456 60 470
160 3332 80 985
180 4400 90 1242.2
190 5050 100 1500
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Fig. 4. Tunnel construction costs versus different diameters
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model, water level as state variable and the tunnels
diameter as decision variable

e g 30 315 callnmn S oSd iales —0 JS
ol o g Jigh b g Al

Oselee G e & (9399 Ol sl Q L kailg)
s y glodde )3 0ad Hype b Jlde SPfcaSe e
Cungj Sl sl 0ad by T jlude Renvi fcaoyio (jgulse
Sl 3 3y90 O Hlaie Deni foasSopio (yosbes cunss pr (Jaseo
ol Jlude Ragri fcanSoyio foskie s p (Jaes Conj sl
Dagri fcaSe o (yadse s  (65)5liS slajls sl s )
Ose cws p iplaS bl Gl Sl e Ol e

ol Big5 53 Gl oy Vi) g oo

sawz Mol gy (539 a0l o —Y-Y-Y

) s b leol bgy (gay8eby 325k 5l je5 0o alins > (4
I i ol )3 0900 s Als po by g aline j gy S 4
b g o e lyeay By 5 oM ol Ol gaw
8wl (o 28,5 )15 e se mpeal e (lgisas b figs
(o yeize) o o 5§ paseto el Sy sl & by
ol praual yie il ka3 3y5e losly jd O Jsl 4 B
O g gz Cleds (S s e Sl Sl o,
b USS wjgon &Sl IS Lhled oplply @l pasie
WRVAPES

PSS de e 4 9959 b Sloj s & bl ]
sy Ol gy gy 4 alis o ddly o asuial )7 (gl

IFAF o o) 0 lowd o3 jaw Jlw ¢yl 2! Of Zalio ol
Volume 13, No. 1, Spring 2017 (IR-WRR)

)



i 5 gt e s 532y a9 Jloy Sl ol
2 By 4 oM Jasl By calise slaled gl oM s

adol SleMbl 3gy9— 09 Al 4o

ol o Sl 9y ol Jels Al cledbl 5y
st 3 e Canj ol Sl @) g o oo
Adliee ol gy Gl 9

Silodend 5 Bty & (M Py b Qb — g dls
203 A0 pledily g ilisee Jloyi slajls (sl 3%

DS Sl pBady 4 M Jisl S lp gl s
Foglo Voo Jolgd b g5 jld Clusle woe (ialS jslaied,
b jl cunlien Bigs slad QL] 5l g 33,5 (oo S
o |y 13 135 3,90 o]y Jolee JUinl slessly ] 5o a5

e nl OlFe (908) biw irpaeln ol b Baios (il
Wl o Bl b (9pi) Lw shrpteln ol 90 U
o3lisul 3)90 w2 )95l B 9o by (gjayaely 3 lad g oruw

bl oo F JSE g0y (9i) 005 ol by (532540l 5

poles (g b dlge SlJl 5 33,5 o0 128 Il Bgy el
S adgl (28 23,5 o0 25 atedie Hlake Sl 1 g
s ol Jlogs s Sl 51 55 (s le b oSty e
OExed g (it Gglad (bl b gl (28 a8l S
o 2355 Gl ()8 (Sgpden Sl gy S plos
O g gy gy 4 Slule (B I bl
@5 JS5 0008l 4 4o b Olabre plosl Jolpe 3,5 o L]
OBy w6l ooy Sl Iy ol — Jgl dls pe

Step 1

Assume optimal level Pashanedgan dams
(this level must be greater than normal level of water in Gokan dam)

>

Step 2

Enter initial data

such as input flow, evaporation of water surface, the curve of volume-surface-
height, the minimum environmental flow. water demand, rainfall for dams

A%

Step 3 - Select different diameter of Yalan to Pashandegan tunnel
-Integrate simulation of hydraulic and water resources for various normal water
levels and finally the water levels choice that have 95% transfer efficiency.

A%

Step 4 Economic analysis for Yalan dam
Find the best tunnel diameter ( Yalan-Pashandegan Tunnel) and height of Yalan dam
(The most economical option)

O

Step 5 Optimize, simulate and economic analysis for Pashandegan dam alone
-Select different diameter of Pashandegan-Gokan tunnel
- Integrate simulation of hydraulic and water resources in Pashandegan dam for
95% transfer efficiency
- Economic analysis for Pashandegan dam (Find the most economical option)

&

Step 6

No

<3

Ts this optimal water level equal to
the amount assumed (for Pashandegan dam)
in the step 17

Modifly the initial assumption of Pashandegan normal water level
Assumptive normal water level is replaced by new optimal level

@ Yes

YPGWT project optimizes.

Yalan and Pashandegan dam Elevation and tunnels diameter optimize.

O

Fig. 6. DP algorithm combined with a process of trial and error (Developed Dynamic Programming)
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Fig. 7. Yalan reservoir volume against volume of water transferred percentage to Pashandegan for different
diameter tunnel (Pashandegan Level =2102 m)
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Fig. 8. Yalan dam height at different diameter of Yalan to Pashandegan tunnel for 95% water transfer

efficiency (Pashandegan Level =2102 m)
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Table 2. Calculation of the best combination of tunnel diameter and Yalan dam height in 95% water
transfer efficiency (Pashandegan dam level = 2102 m).

(550 ¥+ ¥ sl (Bl 515) a3 A0 JUET ol (g1 oW s g5 9 Jig5 plad OS5 iy 32 Y g

Yalan Normal level (m)

Tunnel Diameter (m)

Yalan Dam Height (m)

Total Cost (Rial x 109

2127.532161 2.6 147.53 3817.91
2125.28978 2.7 145.29 3802.69
2123.513667 2.8 143.51 3795.90
2122.003002 2.9 142.00 3815.73
2120.735484 3.0 140.74 3834.21
2119.473812 31 139.47 3874.69
2118.236591 3.2 138.24 3908.63
2117.143713 3.3 137.14 3966.60
2116.18442 3.4 136.18 4013.22
2115.284811 3.5 135.28 4079.91
2114.968582 3.6 134.97 4151.91
2114.098418 3.7 134.10 4223.62
2113.327406 3.8 133.33 4283.44
2112.606559 3.9 132.61 4362.71
2111.913736 4.0 131.91 4425.15
2111.283457 41 131.28 4509.66
2110.707304 4.2 130.71 4578.66
2110.20242 43 130.20 4670.04
2109.703852 44 129.70 4741.54
2109.275751 4.5 129.28 4838.80
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Fig. 9. The cost of Pashandegan dam and transfer tunnel against Pashandegan height in 95% water transfer
efficiency (Yalan dam height = 143.51 m)
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Table 4. The best optimal combination of dams’
height and tunnels’ diameter and these cost
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Dam name height  diameter . -
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10%) 109
Yalan 148.37 2.8 3795.9
5313.69
Pashandegan  59.36 2.95 1517.79
S5 deeiii- ¥

Yoo g (Mo dolee 1 lojen oozl b Gdss ol
2 L) o gl gyt by (gjayaelyy oS Ll (Sgyin
o o J s S (g ol > Sl 8,5
929 (U5 9 O Aty (L) s dw Jold &8 (] > lase
(it o Sln 695 52 3 ol 035 gy sl Jis i
9 395 ol Made asg> 5L 3y50 Ol &S WSL lagSa L
EMdo s Sladp om ol JE e J5 s
@ b sy sl giludige B85 cnl ) 90,55 (g
9 b s i)l (gilwding 9 (BS & Bty 5 By
wjp (n S o Gl 4 0oy A0 Jl co e lp (Bl
90 Hlojen Bun oyl BasS jelaleds .uwl Ha) do cdl ail 1)
b lgi oo oS 0003)5 (s S Sy loig b 53 55!
g awsh bl (Seelod cjguny EPANET lisle g b 5 S0
o1y oad el Lgy (gjuya0by 9 Sdgyiin o ple Jae
0l Mol Ly (g30ya0b oS amd o LS Baiod s Laled
Sl 5 Cunl ojgn il Silodige 4 PB gpin by &
5 OBty 5 M e ey by yie OANE 5 VFANNY alg,
— O a5 wly e VRO 5 YA aigy sy s
coolatdl Lo 5|l 03,8 @)l 1, S — ity 5 sy
A5 bojon JS e oad gl by (shydelin ) 3929
39y Jby 3)lheo OYVW/ER ol suoy> A0 sl oy 8,5

ol 00

Rl (e VIV/00) (Bandy aige jl5 U85 o) ool
Pl e YU olye (oles 5 33,5 00 (50 V1Y) adgl 28
DS

s INOD L gl GBaidy s Jl5 0,8 58 4wy b
Loy A0 Jsl plesily (sl Bty — oM JUsl by g o
5 ibodde J Jobs @ls 0 (siluding g silore b
Sl 52 YWAIYY glasyl oS ol lis (oolail Judow o (gjlwdingg
Adlige oM dw (sl it 43S e YIA g jlad g (M
ol a4 e sl ) dgxge Of 5l as)s A0 conl 6 S
A ¥ S 5 o a4 aagi b g jhb g aw )] Sy
diae J15 08 pasudie Sl mr 3,5 35l Jb) 35kke TYRO/A
Shoeolaiel b Basy — oM Jlsl by bl g oM s
g QB dw (5 4 (939)9 (b Vg 5 JSE o))
ol 2 08 iledre eVl (el glp (298 Ol
gl 10)3 A0 JUsl 4 bagype figi jlad g el ©loS
) deols @l 85 ©hso ol gy p soladdl Jloo g u
Jusl g5 g (i s 4 bgje ladl Llos 5 (5l S
oM sl aSles ol o3 A0 Jlasl 4l 58 — By

ol 0ad 03ly LIS Y Jgda ) sl 1o YWA/YY L ol ys

Table. 3. The cost of Pashandegan dam and transfer
tunnel in 95% water transfer efficiency (Yalan dam
height = 148.37 m)
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Pashandegan Tunnel Pashandegan
Normal level Diameter Dam Height thal Cosgt
(Rial x 10°)
(m) (m) (m)
2116.51 2.8 65.51 1572.14
2114.23 2.85 63.23 1547.93
2112.19 2.9 61.19 1530.85
2110.36 2.95 59.36 1517.79
2108.71 3 57.71 1541.46
2107.22 3.05 56.22 1566.42
2105.88 3.1 54.88 1592.54
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