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Storage Estimation of Irrigation Reservoir
Using BROOK90-R Hydrological Model

Jongchul Park®

Abstract—This study has developed the BROOK90-R hydrological
model. The model is modified the BROOKO0 to estimate storage of
irrigation reservoir take into account the behavior of floodgate
manager. The BROOK90-R shows a significantly high efficiency
during irrigated season. However, the model had a low efficiency
during non-irrigated season. Despite the limitation of simulation, the
model can be used to estimate the storage of irrigation reservoir which
will be operated by a farmer.

Keywords— BROOK90-R, Irrigation reservoir, Water balance,
Storage estimation.

I. INTRODUCTION

HE irrigation reservoirs can be used for various purposes
such as water supply, flood control, and recreation.
Recently, the construction and operation of reservoir has
focusing on a method for mitigation of drought in small
watershed located in mountain area [1]. That region is
vulnerable to extreme low flow occur due to the low storage
capacities of the groundwater bodies [5], [12]. The storage of
irrigation reservoir is an important basic data to developing the
proactive strategies to mitigate the drought.

Inter-annual variation of the storage can be obtained from
long-term monitoring, but it has a limitation in terms of time and
cost. Therefore, hydrological model has been used for the
storage estimation. The hydrological model is helpful to
represent the physical processes in the back sub-watershed and
reservoir. In previous studies, the long-term rainfall-runoff
models such as the Soil and Water Assessment Tool (SWAT),
Semi-distributed Land Use-based Runoff Processes (SLURP),
Streamflow Synthesis and Reservoir Regulation (SSAR), and
Catchment hydrologic cycle Assessment Tool (CAT) were
often used [3], [6], [7]-

In the hydrological model, the water balance for a reservoir is
composed of the volume of water entering the water body, the
volume of water flowing out of the water body, precipitation
falling on the water body, the water lost from the water body by
evaporation and seepage. The storage of a particular date is
calculated by using these components. The amount flowing out
is determined by an operation rule of reservoir. Simulation or
optimization method such as linear programming or dynamic
programming has been employed as a rule [15].

However, the amount flowing out of many small irrigation
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reservoirs is usually determined by experimental operation of
floodgate manager. The manager generally is a person of local
farmers for each reservoir. Their operating rules could be
modeled by the interviews with them. This study focused on
modifying BROOK90 hydrological model (here-after
BROOKO90-R) to consider behavior of floodgate manager for
storage estimation of irrigation reservoir and evaluating the
model performance.

Il. METHODS AND MATERIALS

A. Concept of BROOK90-R

The BROOK90 is a physically-based, deterministic and
process-oriented, parameter hydrological model [2]. It is a
one-dimensional model designed to study the processes of daily
evaporation and soil water movement, with provision for
streamflow generation by different flow paths. This model
allows the leaf area index (LAI) to vary throughout the year,
despite it being a lumped hydrological model. This model uses
relative LAI between 0 and 1. The value is an array of ten pairs
of DOY (day of the year). The relative LAI is a multiplier of the
maximum LAIl. However, this model without a parameter
relates to artificial irrigation system such as an agricultural
reservoir. A detailed description of the model used by [4].

BROOKU90-R is modified the BROOK90 4.4.e [4] by adding
a reservoir module in this study. The Fig. 1 shows the
conceptual structure of BROOK90-R.

BROOK90 4.4.e Reservoir module

Simulation

Simulation for
back sub-watershed
of reservoir

» I

Precipitation falling

Fig. 1 The conceptual structure of the BROOK90-R

In the reservoir module, water balance of reservoir is defined
(following [14]) by
V=V, +V, -V, +V, -V, V) 1
where V is the volume of water in the impoundment at the end
of the day (m°), Vy is the volume of water stored in the water
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body at the beginning of the day (m®), V; is the volume of water
entering the water body during the day (m®), V, is the volume of
water flowing out of the water body during the day (m®), V, is
the volume of precipitation falling on the water body during the
day (m®), V. is the volume of water removed from the water
body by evaporation during the day (m%), and V; is the volume of
water lost from the water body by seepage (m?).

The volume of water entering is sum of surface flow, bypass
flow, downslope flow, and groundwater flow. The volume of
evaporation from the water body calculated by the equation [9]:
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where E, is the evaporation from the water body (mm/d), 4 is
the slope of the saturation vapor pressure-temperature curve
(mb/°C), S is the soil heat flux, R, is the net irradiance (mm/d), y
is the psychrometric constant (mb/°C), E, is an atmosphere
drying power function which represents the capacity of the
atmosphere to transport water vapor (mm/d), u, is the wind
speed at a height of 2 meters above the surface (m/s), e is the
saturated vapor pressure of air, as is found inside plant stoma
(mb), e, is vapor pressure of free air (mb), (e; - e,) is the vapor
pressure deficit (mb), a=0.5, b=0.54 and ¢=0.26 are Penman’s
experimental constants [8].

The volume of water flowing out of the water body is
calculated by six parameters related with the behavior of
floodgate manager in terms of withdrawal as shown in Table 1.
The daily flowing out volume calculate by MXV times RAT. The
manager opens the floodgate at a constant rate (RAT) during
from SOD to EOD. However, if the CLS satisfied the specific
condition, the manager closes the floodgate and the RAT is zero.

These parameters were composed by an interview with the
floodgate manager of Deoksan Reservoir. The flood gates of
Deoksan usually open from April 12 (102 DOY) to September
30 (273 DOY). The parameter values were applied to Yangak
reservoir. MXV was used as a fitting parameter in the study.

THE PARAMETERS RELATED WlTH:ﬁELBEELAWOR OF FLOODGATE MANAGER
o Value
Parameter Description m
MXV (m¥/d) ;\Illoagﬂgr;l:gn daily withdrawal though 18,000 32,000
RAT (%) Opening rate of floodgate 100 100
SOD (DOY)  The day to start flowing out 102 102
EOD (DOY)  The day to end flowing out 273 273
CLS (%) Storage condition to closing floodgate 60 60

DOY = Day of the year, it is a number between 1 and 365
The effect of soil heat flux (S) can be ignored when daily

mean or monthly mean climate data used in the calculation [10].
R, is calculated by equation of [13].
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B. Study area

The study areas are Deoksan and Yangak irrigation reservoirs.
These study areas are located in the central mountainous region
of the South Korea (Fig. 2). The Deoksan reservoir was
constructed in 1981 and the original design storage capacity was
1,591,000 m®. The Yangak reservoir was constructed in 1991
and the original design storage capacity was 3,280,000 m*. The
back sub-watershed areas of the Deoksan and Yangak reservoirs
are 9.3 km? and 13.1 km?, respectively.
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Fig. 2 The Study area
C. Data

The daily discharge records needed for calibration of
hydrological model are not available in this study area. To solve
the problem, this study calibrated the model using discharge
data from the higher order watershed which is Guryang-stream
watershed. The calibrated input data in Guryang-stream
watershed are applied to the two study watersheds.

Seven years (from 2000 to 2007) of historical weather data
was obtained from the Korean Meteorological Administration.
The flow data was obtained from the WAMIS (http://www.wam
is.go.kr). The data of the year 2000 was used to initialize the
model. The soil and canopy parameter of the model were
derived from the national land-use map 2001 and national
digital soil map.

Four years of historical flow data covering the period from
2001 to 2004 are used for model calibration, while the next
three years of data from 2005 to 2007 are used for model
validation.

D. Evaluation of the model

In Guryang-stream watershed, Nash-Sutcliffe efficiency [11]
was employed to evaluate the model performance. The storages
of the reservoirs estimated using BROOK90-R compared with
the measured values by the Korean Rural Community
Corporation.
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IIl. RESULTS

The overall model performances were good in the Guryang
watershed. Fig. 3 shows measured and simulated daily
discharge during the validation period (2005 to 2007). The
simulated daily discharge was comparable with the measured
values over the entire simulation period and the Nash-Sutcliffe
efficiency was 0.78. However, the simulation efficiency is likely
to vary depending on the season. The Nash-Sutcliffe efficiency
was 0.77 in the wet season (June to September), while it was
close to zero in the dry season (October to May).
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Fig. 3 Measured and simulated daily discharge (2005~2007).

The measured annual mean discharge of the Guryang
watershed was 718.5 mm/yr, while the simulated discharge was
945.6 mm/yr in the validation period (Table 11). The model was
overestimated the discharge both in the wet and dry seasons.
The simulated discharge was approximately 131% of the
measured discharge.

The annual mean discharge was simulated by 866.4 mm/yr in
the Deoksan watershed. The annual mean discharge was
simulated by 837.4 mm/yr in the Yangak watershed.

ANNUAL MEAN WATER BALANCE-IFI\T\ ?:E ISITUDY AREAS FROM 2005 10 2007
Component witorned  wetershed  wateshed
Precipitation (mm/yr) 1475.1 1660.5 1588.4
Measured discharge (mm/yr) 718.5 - -
Dry season 1145 - -
Wet season 604.0 - -
Simulated discharge (mm/yr) 945.6 866.4 837.4
Dry season 170.1 125.1 120.4
Wet season 775.4 741.3 717.0
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TABLE Il
DAILY MEAN STORAGE OF THE RESERVOIRS FROM 2001 T0 2007
Component vt resemoir

Annual

Measured daily mean (%) 80.4 88.3

Simulated daily mean (%) 84.4 86.6
Irrigated season (Apr. to Sep.)

Measured daily mean (%) 81.6 88.8

Simulated daily mean (%) 85.3 86.1
None-irrigated season (Oct. to Mar.)

Measured daily mean (%) 79.2 87.9

Simulated daily mean (%) 83.4 87.1

The water balances in the two reservoirs was simulated by
BROOKO90-R. As shown in Table Ill, the simulated storages
were overall higher than the measured values in the Deoksan
reservoir. On the other hand, the simulated values were lower in
the Yangak reservoir. Fig. 4 shows the measured and simulated
daily mean storage from 2001 to 2007. Changes of the two lines
are similar to each other, and the overall R? in the Deoksan and
Yangak were 0.62 and 0.38, respectively.

However the simulated storage rate is increased, while the
measured value decreases in August. In addition, systematic
errors are observed in the Yangak reservoir. This means that the
behavior of the floodgate manager of Yangak could be different
in the Doeksan. Future studies will require addressing these
issues. For example, it is necessary to study in more detailed
classification of the behavior of the floodgate manager.

Despite the limitation of simulation, the BROOK90-R could
be used to estimate the storage of irrigation reservoir.
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Fig. 4 Daily mean storages of reservoirs from 2001 to 2007.
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