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1. Introduction

Considering the uncertainty and the river flow fluctuations, controlling the reliability of hydropower energy
production in competition with other energy production technologies is of considerable importance. Afzali et al. [1]
have generalized a simulation model based on reliability (RBS) in single-reservoir hydropower systems to a multiple
reservoir RBS model. Simulation of hydropower multi-reservoir system operations have been considered in the
present study by using MODSIM model with control on reliability of the system energy yield. MODSIM, as a river
basin decision support system, by itself have no ability to effect directly on amount of energy production target to be
met at different levels of reliability [2]. By extending MODSIM to MODSIMP, an energy demand node and
implementing hydropower standard operating policy (HSOP) will be integrated. This combination made possibility
that it go through successive solution of network flow optimization algorithms in each time period of the MODSIM
simulation model. This has been done by adding control commands in custom coding environment of the
MODSIM8.1 to MATLAB software programmed. The model development and verification procedure has been
started from sorting out a simple single-reservoir single-period example problem and then extended to multi-
reservoir multi-period models. The results which obtained from application of the developed MODSIMP model to
Khersan multi-reservoir hydropower system as a real case study, shows its advantage in terms of computational
efficiency and thus its capability of reliability-based simulation operation of multi-reservoir hydropower systems.

2. Methodology

The MODSIM model is not by itself capable of implementing the standard hydropower policy (HSOP) in model
and controlling the reliability criteria of energy supply. The HSOP policy in a single-reservoir system means
determining the reservoir release in a way that the produced energy in each period and it is equal to the predefined
firm energy demand (subject to fulfilling minimum and maximum storage volume of reservoir and other
constraints). The main idea in this concern is repetitive estimating and modifying of water demand node related to
the turbines’ flow links by sequential solution of flow network linear models (NFP) in each time step. Hence, the
relationships relevant to the system firm energy supply are as follows:

FE, C
i =————— ) FE;=FE 1
' 2.73%H; ¢ ; ' @)

E) =D Ei(t)= (273*(ep,;) * (R (1))
i=1 i=1

2
(0.5 (g () + hy (1)) = Pran,i (©) — e i (1)) @
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All variables >0, Where, E(t)= energy generated; E;(t)=generated energy by powerplant i in month t;
FE; (t) :estimated system’s energy yield by powerplant i; ep ;. powerplant’s efficiency; R;(t) : turbine release from

reservoir i in month t; Hj(t) : average head by powerplant i in month t; hy;(t) / h, ;(t) : beginning and end of month
reservoir | levels, respectively; hra j(t) - average tailwater level of reservoir i in month t; hy ;(t) : total minor and

frictional losses in conveyance structures of reservoir i in month t;

The unknown values in this system are related to the turbine releases, the reservoir storage volumes at the end of
the month and the spill flows which are determined from solving of a NFP model. The above NFP model
formulation with targeting function of minimizing the network flow costs and mass balance constraints in nodes
when in the link flow lower and upper bounds are following equations [3]:

.3
Min: [Cis s 0+ i * G (0 Cip * s, 0) ©)
1=!
s.t
Os i (t+1) =0qs; (O +q, ; (t)—qg,; () - Usp,i ® (4)
—_— Y Y M
ending initial inf low release spill
storage storage flow
Ri,min < qR,i (t) < Di,max (5)
S —
minrelease max release
Spi”i,min SQSP,i(t)SSpi”i,max (6)
— —
minspill max spill
Simin Sds,i() < Sj max O
— —
minstorage max storage

In the above equations, the qg; <qs; and qgp ; are turbine releases, the reservoir target storage level at the end of the
period and the i reservoir spill flow respectively, with unit cost coefficients of ¢ «C;q and Cigpil respectively.

3. Results and discussion

Two simulation model types of MODSIMP (Non-system) and MODSIM1 have compared with MODSIMP
(System). The models have been used with 90% reliability level regarding supplying the firm energy yield in solving
the problem. Table (1) shows the average monthly energy production in each and overall system of the hydropower
plants regard to models.

Table 1. The average monthly production capacity of each of the power plants regard to each models
Total average monthly
firm energy yield of
Khersan 11l Dam

Total average monthly
Model firm energy yield of the
system (MWH)

Total average monthly Total average monthly
firm energy yield of firm energy yield of
Khersan Il Dam (MWH)  Khersan | Dam (MWH)

(MWH)
MODSIMP (Non-system) 210330 47430 100800 62100
MODSIMP (System) 235800 28456 72315 69687
MODSIM1 230400 27659 68979 67807

4. Conclusions

In this study, a MODSIMP model is introduced for operating the multireservoir hydropower systems. This was
done primarily by provisioning the possibility of employing the hydropower standard operation policy in the
simulation model. Although supplying the energy demand and implementing the HSOP rule in single-reservoir
systems is not necessarily dependent to solving the NFP optimization models, the major advantage of the proposed
model is considering the high velocity of Lagrangian relaxation algorithm used in solution of the NFP and
MODSIM models, with simulation of multi-reservoir hydropower systems. The results show the operation of
MODSIMP (System) is more trustful than another models.
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