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1- Dynamic Programming
2- Stochastic Dynamic Programming



B g 9 (bl Glusl o

Rl @ Sl 508 G s D o pe
(A das o 151 (6 e b s oo Sos sladde
3 O > SilwaanS ol adlas 3l s
oo b O e ag OIS Sl e
Ol Ssbar 0o SaulS sl Slisy %l
JMGUQ&J?JE_}):QMQ\)LM})U?AS

e Pl

B g, 9 dlge
dox 5l SaalS il Gls a3

sbdlie b aaslisy okl 8 el s i,
05 Ly moaeliy 5o o)l 1y Cnlad ple shls
a2 Ol 5 Ope pamm Cunlad oo bl 2
Agd o ghuarl i gl WIS s O
A e el s s (62555 0L LR O
L Of JUsl Jlazs) ol Olge sd g 4,8
Coig (FMP) Jyl 45,0 GBSk dyl b & a8
3 S5l ey pagte s Sl ple Saa
g5 Jaiml e JUis) Jlazs) slatlons
A3 G sl s o Casbad pde Gils
S 3 el 0 (ileaanS slassl 5l G
Soiotn S et pde (35 L s L
S e el e s e g8 Jle
©oary b Gl ey 3 aenS slaesl
0335 5 e Olea Jllis alex 3l wsdS Lol s
15 Sl dnlp SCospd e plnil ab Sl
okl slie Saoly S sl S cpl glls Jyl
gd;vﬁﬁ-\ﬂzuﬁqh&écwﬁﬁamg.&iu}
abasly o 3ls ;5'<‘:‘“‘ Slalie L aslS s

::)..ZL;GQL:{J{)'Q)}JA{ QT&LU

1- First order Markov process
2- Current Values
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Figure 1. Location of the Jamishan Dam.
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Figure 2. Mass curve of the flow of the Jamishan river.
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1- Moran

2- Savarenskiy

3- Capacity

4- Storage Discrete Number
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Table 1. Input flow classes to Jamishan reservoir in million cubic meters.

Ol e Olss Pt N
Summer Spring Winter Autumn Class
Qit Qit Qit Qit i
1.15 17.0 10.2 6.18 1
2.4 40.3 23.9 19.1 2
435 66.1 432 37.9 3

A SYLR" ¢ 0,93 }‘ JLs Jlaxsi d-a_j‘.a—\' J}J}
Table 2. The probability matrix of the transition from period 4 to period 1.

t=) o0
Period t=1
3 2 1 i J t=t o5
Period
0.00 0.00 1.00 1 t=4
0.14 0.14 0.71 2
0.00 0.00 1.00 3
k3 69 4{\" 6,93 }‘ J&s Jlaxs! d.a_;‘.a—\" J}J}
Table 3. The probability matrix of transition from period 3 to period 4.
t=f o9
Period t=4
3 2 1 i J =Y )5
Period
0.00 0.26 0.74 1 t=3
0.08 0.50 0.42 2
0.00 0.50 0.50 3
Yy 695 4 Y 0,93 }‘ JLs Jlaxsi d-a_j‘.a—i J;J}
Table 4. Transmission matrix from period 2 to period 3.
t=Y’ 09>
Period t=3
J -
3 2 1 i t—Y 09>
Period
0.07 0.07 0.87 1 t=2
0.00 0.39 0.61 2
0.33 0.67 0.00 3

V&
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Table 5. The probability matrix of transition from period 1 to period 2.

t=Y 09>
Period t=2
3 2 1 . t=) 09
! Period
0.03 0.57 0.41 1 t=1
0.50 0.50 0.00 2
0.50 0.50 0.00 3
u.aS.aj’.a O}_Jv_w e Qlsl o ;.«;;,._a_g B1n R W PRES
Table 6. Demand downstream Jamishan dam of million cubic meters.
BT PR ot
Amount Targets release Season
ol
5.6 Trl N
Autumn
1.5 T2 o
Winter
13.2 Tr3 e
Spring
Ot
20.2 Tr4 ’
Summer
Blogs o) 4 O ez G NS i =V Jgd
Table 7. Reservoir volume classes by Moran method.
K=3 K=5 K=7 K=10
0.5 0.5 0.5 0.5
26.6 13.6 9.2 6.3
52.7 26.6 17.9 12.1
39.7 26.6 17.9
52.7 353 23.7
44 29.5
52.7 353
41.1
46.9
52.7
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Figure 3. Demand and deficiency for the different discretion of reservoir volume.
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Table 11. Initial storage volume for the number of class reservoir.
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Table 12. Reservoir volume classes in classical, Savarenskiy and Moran methods.

s Uooo Sl i) S 2,
Moran method Savarenskiy method Classic method
K=3 K=5 K=7 K=10 K=3 K=5 K=7 K=10 K=3 K=5 K=7 K=10
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 8.7 52 3.7 2.6
26.6 13.6 9.2 6.3 52.2 17.4 10.4 6.5 26.1 15.7 11.1 7.8
52.7 26.6 17.9 12.1 52.7 34.8 20.9 13.0 43.5 26.1 18.5 13.1
39.7 26.6 17.9 52.2 31.3 19.5 36.5 259 18.3
52.7 353 23.7 52.7 41.8 26.0 46.1 333 23.5
44 29.5 52.2 32.5 40.7 28.7
52.7 353 52.7 39.0 48.1 33.1
41.1 455 39.2
46.9 52.2 44.4
52.7 52.7 49.6

ALK



B g 9 (bl Glusl o

ol 43\)\ YV d}.,b- BERNEERV cu G| A

S

Gds e sl o=r/0 S g - ke
ke (Tg) Gus 0,55 0 5 O35 3l (s5luls,
a=\ 5 0= bl wlie 5,5 . L3
V1S s sl SVl sl kel

iz Sda il 553 0P @ GBS Gend —AY

Table 13. Determining reservoir volume classes in different target functions.

k=3 k=5 k=7 k=10
S, 8.8 20.6 23.9 33.0
IS, - 73 21.2 9.4 6.1 3.0
0a=0
R -1, 1.9 0.2 0.0 0.0
By 3.4 0.0 0.0 0.0
s, 26.6 27.0 30.8 28.2
IS, - 7] 3.4 3.0 0.8 1.8
0=0.5
|R, -, 4.9 1.7 2.8 2.1
By 17.8 5.8 4.2 3.8
s, 26.6 26.6 26.6 29.5
IS, - 7] 3.4 3.4 3.4 0.5
o=1
|R, -, 4.1 4.1 4.1 3.5
By 11.7 11.7 11.7 0.25
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Abstract

Background and Objectives: Nowadays, water scarcity is one of the current issue in Iran. And this
issue more than ever reveals the needs for an appropriate water resources management. Stochastic
Dynamic programming (SDP) is one of the extracting methods to obtain the reservoir operation
rules. In this method, one of the most important factors to find the optimal solution is discretization
of the storage capacity and reservoir inflow. In this research, to achieve optimal storage
discretization by SDP method and considering tree types of objective function (o =0, a = 0.5, a=1)
with the constant reservoir inflow classes, some storage classes (3, 5, 7 and 10) are analyzed.

Materials and Methods: In this study, the SDP model has been used to find the optimal storage of
Jamishan reservoir by any objective functions. By having historical reservoir inflow time series and
storage volume, reservoir inflow and storage are discretized into 3 classes with equal length intervals
method and also 3, 5, 7 and 10 classes with Moran method, respectively. This method is applied by
considering objective function as a minimization of system damage for each combination of the
reservoir inflow and storage classes (k, 1). By achieving the steady policy at each period, the amount
of reservoir Inflow, storage and release are deterministically defined.

Results: The results showed that in case of a = 0, the optimal storage capacity considering just
downstream water supply of demands as an objective function, is k = 7 and there is minimum water
deficit. In addition, this would be 10 classes in case of o = 1, which the amount of difference
between reservoir storage and its desirable would be changed from constant value and the first
decreasing change would be appear. Obtaining reservoir storage classes is also affected by method
of discretization since this value is obtained 10 for classic and Moran method with the same result
and 7 in Savarenskiy method. That is selected k = 10 based on the equal objective function in case of
a = 0.5 considered two objectives of reservoir release storage volume simultaneously as well.

Conclusion: Since the objective function is only reservoir release and water allocation, the optimal
reservoir storage class would occur at the point where the water deficit is constant by increasing the
number of storage classifications which k = 7 is the optimal class in this case. In the second scenario
the best discretized class of the reservoir storage is the point which has the closest vicinity to the
target storage (Ts). So, in this case, k = 10 is the optimum reservoir storage. In the third scenario,by
choosing k = 10, two goals minimizing the amount of storage and release from the desired values
,are well regarded in this case and also the first decreasing changes is happened in k = 10.

Keywords: Objective function, Reservoir operation, Reservoir storage discretization, Stochastic
Dynamic programming
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