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Abstract: Water is one of the biggest challenges of this century in the very near future, which may be the source of many of the 
world’s positive and negative developments. Increasing population and a shortage of water resources necessitates the 
need for proper management of reservoirs. On the other hand in the management of water resources in addition to the 
issues we face at the same time exploiting reservoirs with hydraulic and water resources were important and both 
hydraulic and hydrologic modeling flow conditions must be considered together. In this study, three dams and two 
water transfer tunnels were used for transferring water from Yalan dam to Gokan dam (Yalan-Pashandegan-Gokan 
Water Transfer (YPGWT) Project). For YPGWT Project simulating and optimizing, at first dynamic programming 
(forward-moving) was developed, and after solving it, the best diameter and dam height for optimization of water 
transfer system was determined. Since the water flow through the tunnel is under pressure, increasing dam height will 
cause the decrease of tunnel diameter for constant water conveyance efficiency. The purpose of this study is 
transferring 95% of water flow between two basins after supplying the agriculture consumption and environmental 
needs. The results showed that Yalan and Pashandegan dam with a height of 148.37 and 59.36 m, respectively, and 
Yalan-Pashandegan and Pashandegan-Gokan tunnel diameter with 2.8 and 2.95 m, respectively, were the most 
economically optimal combination for water transferring in YPGWT Project. 
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1. INTRODUCTION  

In the management of water resources in addition to the issues we face at the same time 
exploiting reservoirs with hydraulic and water resources were important and both hydraulic and 
hydrologic modeling flow conditions must be considered together. Of these cases can be discussed 
inter-basin water transfer and noted the basin. 

Inter-basin transfer of water or the basin to basin water transfer is: physical transfer of water 
from one basin to another river basin, in the movement of water one basin loses water and the other 
gains water. 

White (1977) showed that the peak of the design and implementation of large projects for water 
in industrialized countries, dates back to the 1960s and 1970s. According to White, 1970 was a 
turning point in the management of water resources in the world. Transfer of water from one basin 
to another, in some countries, including the United States of America. The former Soviet Union and 
China is one of the common ways to increase water basins. 

Other researches in the field of inter-basin water transfer and water resource management, such 
as Simpson (1995), Mutiga et al. (2010), Miller et al. (2013) and others. 

Iran is located in the semi-arid areas and has uneven spatial and temporal distribution of rainfall 
and runoff, water transfer mechanisms have been considered.  

Inter-basin water transfer projects and cross-basin water transfer tunnel to the upstream and 
downstream of the reservoir contain a combination of hydrology (reservoir level) and hydraulic 
(hydraulic pipe or tunnel) issues. The hydrology and hydraulic analysis to obtain the desired 
conditions must be simultaneously. 
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Many researches have been done on the field of optimization of inter-basin water transfer and 
water resource such as Tisdell and Harrison (1992), Luis (1999), Wang et al. (2007, 2005), Reed et 
al. (2013), Condon and Maxwell (2013), Moslehi et al. (2015), Torabi et al. (2016) and others. 

In the previous studies, water transmission system were evaluated and optimized from the 
perspective of water allocation or the transfer volume, but in the inter-basin water transfers between 
bases. In addition to the discussion of hydrological and hydraulic transmission, which is a function 
of issues, the high cost of construction of the dam and tunnel is very important. Therefore, in this 
study, optimization and modeling of integrated hydraulic and water resources will be studied at the 
same time. So, by using a hydraulic balance equation with dynamic programming leading regard to 
the reform of inter-basin water transfer contains three dams and two tunnels have been optimized in 
Iran. These optimization issues should be such as providing and requiring water of the basin and 
also the whole water transfer system doesn’t have any hydraulic problems.  

2. MATERIAL AND METHODS 

2.1 Case study 

In this study, the target area is located in the west of Iran in longitudes 49º 42' to 50º 13' E and 
latitudes 25º 32' to 33º 00' N, which is part of Isfahan watershed of Iran. In this project, three dams 
(Yalan Dam, Pashandegan Dam and Gokan Dam) and two water transfer tunnels were used for 
transferring water from Yalan dam to Gokan dam (Yalan-Pashandegan tunnel and Pashandegan-
Gokan tunnel) (Figure 1). The tunnels are under pressure condition and the elevation of tunnel at 
the beginning and the end are equal to the dead storage of upstream dam and normal elevation of 
downstream dam, respectively. 

 

Figure 1. Schematic representation of YPGWT project 

In Figure 1, the normal water level and dead elevation of water are specified at the Gokan dam 
and Yalan and Pashandegan reservoir, respectively. Tunnels is designed with two slope in YPGWT 
project. All of data in inflow to the reservoir, the volume elevation curve, precipitation and 
evaporation from the surface of the reservoir for the dams exist in a period of 40 years (1970-2010). 

2.2 Methodology 

In YPGWT project two conditions exist. Hydrological and hydraulic properties should be 
considered. The variables of water transfer are simulated by balance equation (hydrological 
condition), pipe hydraulic equation (hydraulic condition) and optimized by Dynamic Programing 
(DP) optimization model. So YPGWT project has divided to three parts, two parts are for 
simulating and one part is for optimizing. These three parts must be connected dynamically for 
optimizing and simulating YPGWT project. 

For simulating hydrological conditions in every reservoirs is used the general water balance 
equation, as shown by the equation 
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where St +1 is reservoir storage volume at the beginning of period t+1 or end of period t; St is 
reservoir storage volume at the beginning of period t; Qin is the volume of inflow to reservoir in 
period t; QTunnel  is transferred volume by the transmission tunnel in the period t; QAgrit

is the volume 

of water required for agriculture in period t; and QEnvit
 is the required volume of environmental 

needs that must be released from the dam to downstream in period t; LEt is volume of evaporation 
and infiltration losses in period t; Spt is the overflow discharge (spillway) from the reservoir in 
period t, and Pt is the volume of precipitation on reservoir surface in period t. The relation between 
precipitation and infiltration parameters is neglected due to their interactions. To simulate and 
compute the amount of transferred water from the reservoir by the tunnel from Yalan dam to 
Pashandegan dam and Pashandegan dam to Gokan Dam, Equation (1) must be solved.  

Therefore, tunnel discharge is dependent on two characteristics, 1) hydrological characteristics 
such as reservoir water level, and 2) hydraulic characteristics or physical characteristics of the 
tunnel such as the tunnel diameter, wall roughness. In other side changes in reservoir level is 
affected by reservoir water balance. 

As well as Spt is another unknown parameter in Equation (1). This parameter is dependent to 
volume of reservoir and difference between inflow and outflow. For calculated Spt is presented a 
model with a series of assumptions. 

Considering that the Equation (1) has four unknown parameters (LEt, QTunnel, Spt and St+1). For 
solving this equation, should be identified a number of assumptions. These initial assumption are: 
Spt=0, LEt is function of reservoir surface and calculated from St and also QTunnel calculated at the 
beginning of period (St). Now there's an unknown parameter (St+1) in the equation (1). After 
specifying the St+1, three cases can happen that in Figure 2 can be seen reservoir simulation 
algorithm for a normal level and a diameter tunnel (It should be noted that discharge tunnel is 
achieved from Epanet software).  

Case (1): t+1 NormalS >S , in this situation Spt is not zero, so LEt and QTunnel calculate again in St and 

t+1 NormalS =S and the overflow of the dam (Spt) is determined.  
Case (2): Minimum t+1 NormalS <S <S , in this case such as case 1, LEt and QTunnel calculate in St and St+1. 

Average values of LEt and QTunnel put in Equation (1) and calculations done again. This 
process continues until the new reservoir volume ( t+1S′ ) is almost equal to St+1. 

Case (3): Minimum t+1S >S , in this condition tunnel discharge is equal zero (QTunnel = 0), so LEt and 

QTunnel calculate in St and t+1 MinimumS =S . 
 
 These three cases run for 480 months (40 years) and this results use for optimizing and 

simulating YPGWT project. For calculating the flow discharge of the main tunnel by equations is 
not directly possible due to changes of discharge flow that depends to water level. Therefore, 
EPANET software was used to solve the hydraulic equation (1) and TunnelQ calculated.  

2.3 Developed Dynamic Programming (DDP) model 

In YPGWT project, dynamic programming cannot solve this optimize problem. Because the 
unknown variable in Equation (1) is very. So for solving the problem must be changed in dynamic 
programming. In this article Developed Dynamic Programming (DDP) was presented. 

DDP model, which has been developed by the author of this article, is capable of simultaneous 
modeling of water balance equation and hydraulic analysis of water transfer tunnels for a single 
reservoir system of water resource. This model has the capability of performing hydraulic 
calculations and could be linked to EPANET software for hydraulic calculations. In this study, in 
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order to conduct hydraulic calculations, the model was linked to EPANET. 

 

Figure 2. Reservoir simulation algorithm for a normal level and a diameter tunnel 

Two parameters are crucial in any optimization problem, 1- objective function and 2- 
constraints; these parameters must be specified. 

The purpose of this research is minimizing the economic costs of YPGWT project, while all 
administrative and technical constraints are considered. The cost of the project includes 
construction of Yalan and Pashandegan dam and tunnels to convey water to the reservoir in 
downstream dams.  

In this study, tunnel and dam construction costs were calculated for different diameters and 
height by economic analysis, which are shown in Figure 3.  

However, the maximum water velocity of the tunnel should not be more than 3m/s. In addition, 
due to the implementation problems, the tunnel diameter should not be less than 3m. Another 
limitation of the project was the water transfer efficiency, which considered equal to 95%. This 
efficiency should be determined after numerous simulation of system for a specific diameter of 
tunnel with different water height of reservoir. 

 

Figure 3. Tunnel and damconstruction costs  

Changing the diameter of the tunnel and the dam height affects the entire system. In this case, the 
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water level in Yalan, Pashandegan, Gokan reservoirs and the diameter of tunnels were considered as 
state variable and decision variable, respectively. 

Water level in Gokan reservoir is specified. Because of the uncertainty of the time series inflow 
to Gokan reservoir, use DDP backward method for solving the problem is not possible. So must be 
used DDP forward method. 

For solving the problem with use DDP forward method, must start from Yalan dam. DP model 
was developed by considering a number of assumptions and combining it with a process of trial and 
error. The algorithm (DDP Model) used in this study to solve governing hydraulic in Equation (1) 
has been depicted in Figure 4. Can be seen in this figure optimization and modeling process in 
YPGWT project.  

 

Figure 4. The DDP model of integrated modeling of water resources and hydraulics 

3. RESULTS AND DISCUSSION 

3.1 Dynamic programming method in combination with a trial and error process  

According Figure 6, was derived optimum Yalan to Pashandegan tunnel diameter and volume of 
Yalan dam corresponding to water transfer efficiency equal 95%. So, is derived 95% water transfer 
efficiency curve, is shown in Figure 7. 

By using the information in Figure 4 and 5 can be calculated the cost of dam and transfer tunnel. 
According to this result the best tunnel diameter and Yalan dam height that has optimum cost, is 2.8 
m and 143.51 m, respectively. At this point Yalan dam and water transfer tunnel is optimum. Next 
step, Pashandegan dam and Pashandegan – Gokan tunnel must be simulation and optimization. 



 R. Mansouri et al. 30 

According to results, the optimal Pashandegan - Gokan tunnel diameter is 3 m and the optimal 
Pashandegan dam height is 59.55 that by adding 9m freeboard and alluvium, optimal Pashandegan 
crest elevation will be 2110.55 m.  

In final step (Step 6), optimal Pashandegan crest elevation will be checked with Pashandegan 
elevation that is assumed in Step 1. The result from Step 5 shows optimal Pashandegan dam 
elevation (2110.55 m) is bigger than assumed value (2102 m). Due to these values, we find that our 
assumption quantity is not true. Hence, the new optimal Pashandegan elevation is replaced in 
assumed value and all of above step are repeated. 

 

Figure 7. Yalan dam height at different diameter tunnel diameter for 95% water transfer efficiency. 

With new Pashandegan dam level (2110.55), Yalan dam and Yalan – Pashandegan tunnel are 
simulated and optimized. The results for this optimize show Yalan dam level and Yalan – 
Pashandegan tunnel diameter is 148.37 m and 2.8 m, respectively (Table 1) for 95% water transfer 
efficiency. 

 
Table 1. Calculation of the best combination of tunnel diameter and Yalan dam height in 95% water transfer efficiency 

(Pashandegan dam level = 2110.55 m).	

Pashandegan Normal level (m) Tunnel Diameter (m) Pashandegan Dam Height (m) Total Cost (Million $) 
2119.158584 2.8 68.1586 54.704 
2114.388201 2.9 63.3882 52.936 
2110.551017 3 59.5510 51.879 
2107.430636 3.1 56.4306 53.503 
2104.882536 3.2 53.8825 54.915 
2102.785584 3.3 51.7856 56.982 
2101.065611 3.4 50.0656 58.718 
2099.658812 3.5 48.6588 60.971 
2098.503187 3.6 47.5032 62.926 
2097.538437 3.7 46.5384 65.465 
2096.610939 3.8 45.6109 67.548 
2096.038191 3.9 45.0382 70.260 
2095.458628 4.0 44.4586 72.437 
2094.812337 4.1 43.8123 75.196 
2094.388446 4.2 43.3884 77.515 
2094.182994 4.3 43.1830 80.393 
2093.979223 4.4 42.9792 82.771 
2093.760361 4.5 42.7604 85.745 
2093.521395 4.6 42.5214 88.147 
2093.261212 4.7 42.2612 91.144 
2092.984355 4.8 41.9844 93.536 
2092.663296 4.9 41.6633 96.482 
2092.288913 5.0 41.2889 98.781 
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Based on results, the best Pashandegan - Gokan tunnel diameter and height of Pashandegan dam 
are 2.95 m and 59.36 m for 95% water transfer efficiency (Table 2). 

Pashandegan Dam elevation will be 2110.36 m by using above values. So, can be seen this value 
(2110.36 m) approximately equal to assumed Pashandegan dam level (2110.55 m). So the optimal 
combination will be obtained. 

Finally, the best optimal combination of dams’ height (Yalan and Pashandegan) and tunnels’ 
diameter (Yalan to Pashandegan and Pashandegan to Gokan) was obtained that can be seen in Table 
3. 

 
Table 2. Calculation of the best combination of tunnel diameter and Pashandegan dam height in 95% water transfer 

efficiency (Yalan dam height = 148.37 m). 

Pashandegan Normal level (m) Tunnel Diameter (m) Pashandegan Dam Height (m) Total Cost (Million $) 
2116.505349 2.8 65.5053 52.40 
2114.228186 2.85 63.2282 51.60 
2112.186432 2.9 61.1864 51.03 

2110.36 2.95 59.3568 50.59 
2108.710528 3.0 57.7105 51.38 
2107.224454 3.05 56.2245 52.21 
2105.881975 3.1 54.8820 53.08 

 

Table 3. The best optimal combination of dams’ height and tunnels’ diameter and these cost 

Dam name Dam height 
(m) 

Tunnel diameter 
(m) 

Total cost 
(million $) 

YPGWT project 
cost (million $) 

Yalan 148.37 2.8  126.53 
177.12 Pashandegan 59.36 2.95 50.59 

4. CONCLUSION  

In this study, three dams and two water transfer tunnels were used for transferring water from 
Yalan dam to Gokan dam (YPGWT Project). For YPGWT Project simulating and optimizing, at 
first dynamic programming (forward-moving) was developed, and after solving it, the best diameter 
and dam height for optimization of water transfer system was determined. To solve the DDP 
(forward-moving), It was needed an integrated simulation of hydraulics and water resources for the 
various combinations of the water elevation and the tunnel diameter. The integrated solution of 
water balance and hydraulic equations were used to find both the optimal diameter of the tunnels 
and the optimal height of the dams. On condition that the existing softwares aren’t capabilities 
integrated modeling hydraulic and water resources, the author developed a computer model in 
Visual Basic language, which could perform the integrated solution to find the optimal diameter of 
the tunnels and height of the dams. Our results showed that Yalan and Pashandegan dam with a 
height of 148.37 and 59.36 m, respectively, and Yalan – Pashandegan and Pashandegan -Gokan 
tunnel diameter with 2.8 and 2.95 m, respectively, were the most economically optimal combination 
for water transferring in YPGWT Project. This would easily provide the 95% of agricultural 
consumption and environmental needs and it concedes all constraints of target function. 
Furthermore, by increasing the roughness of the tunnel, is needed to reservoir volume and tunnel 
diameter be more. 
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