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Application of DIROM Model for Water Balance Analysis of Consecutively Linked Reservoir System
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ABSTRACT

Water balance analysis in heightened reservoirs, which have been raised to ensure a stable supply of irrigation water and secure water against floods
and heavy rainfall, is essential for evaluating water supply capacity and reservoir maintenance. The consecutively linked reservoir system, which involves
preserving the existing embankment while constructing a new one, affects the water balance between the existing and new reservoirs. This study aims
to analyze the linked water balance between reservoirs in a consecutively linked reservoir system using the DIROM (Daily Irrigation Reservoir Operation
Model) model. Surveys were conducted to investigate actual water use, and multiple water supply quantities were estimated based on these findings.
Methods to supplement missing data and improve the limitations of simulated inflow were proposed and applied, and the performance of the daily
storage simulation was evaluated. By supplementing the missing water use data, the NSE (Nash-Sutcliffe Efficiency) of the Sonhang reservoir storage
rate simulation improved by approximately 30%. Additionally, result of using inflow coefficients significantly enhanced the simulation performance for
the Sonhang2 and Sonhang reservoirs. This study confirms the necessity of incorporating appropriate inflow coefficients in reservoir design to overcome
the model’s tendency to overestimate inflow, highlighting the critical importance of quality control in observational data. The findings are expected to
be useful for the design and analysis of future reservoir systems through embankment heightening.
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Selection and analysis of reservairs Weather data Survey of actual water use
S~ Selection criteria = Precipitation (mm) = Interview survey with reservoir
. . . *  Evaporation (mm) manager and operator
*  Consecutively linked reservoirs = Temperature (T) =  Survey of actual farming practices
over 5 million tons = Humidity (36)
»  Easily accessible nearby reservoirs = Sunshine hour (hr)
= = Wind speed (m/s) — Water supply methods -
— Status survey of reservoirs — *  Irrigation water
. ) ; = Water supply to pumping
*  Properties of reservoirs GIS data collection station
*  Daily reservoir storage rate data +  Instream water
o collection vy = |rrigated area map = Small hydro power
__ Analysis of watershed and * Lendusemsp _ generation watar
irrigated area : glgllla1 topographic map *
= Analysis of land use ‘| Son map .
= Analysis of DEM and soil map - MH.dDdO! _|rr_|gul|on supply Estimate the \_'\r"ﬂlel" supply
\ J and drainage quantities

DIROM (Daily Irrigation Reservoir Operation Model) Model

Linked water balance analysis

Calculate reservoir inflow outflow Water supply | infiow
W [ Spillway overflow v
e
*  Watershed area (ha) T Y Sonhang2 %&ea Sonhang
Ratio of paddy, field, forest [%)J o e
{Ratie Correction Factors) Irrigated area -« Water supply outfliow

Supplementing data T l
Evaluate simulation performance (R?, RMSE, NSE)

v

Assessment of the applicability of the DIROM model
for water balance analysis of consecutively linked reservoir systems

Fig. 1 Structural framework of the study

v Raised Water Level
Additional
Water Storage v Existing Water Level
] Core
Capacity
‘oe Drain
New Reservoir Existing Reservoir

Fig. 2 A cross sections of the consecutively linked reservoir
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Table 1 Properties of the reservoirs for study

Supply
N‘“m and Instream Water
H
4

Small Hydro Power Station

Supply

Spillway Overflow

Inflew

Sonhang .Ir

\_ Reservoir

Consecutively Linked
Reservoir System

Supply

Irrigation Water Instream Water

Inflow

r

@ Irrigated area

Fig. 3 Schematic diagram of inflow and outflow components in
a reservoir system for study
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Reservoir Location Irrigated area Watershed area Total water storage Effective water storage
(ha) (ha) volume (10 m) volume (10° m3)
Sonhang Sancheong 133.7 1,600 576.5 531.5
Sonhang2 Sancheong - 1,494 6,034 6,010
e e L S ey |

Pracipastion (mm)

Water Siomge rate (%)

*  Preciitston

Dam heightening

1987 1888 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015

2016 2017 2018 2018 2020 2021 2022 2023

= Precpitation

— Sonkang?

Wator Storage mte (%) Precipitation (mem)

07 208 209

2020 200 2022 2023

Fig. 4 Observed reservoir storage rates and precipitation data for study
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Table 2 The water supply methods and estimated water supply quantities from the survey

. Water supply . Methods for estimating water supply . Result
Reservoir methods Period e Equation (10°m¥/day)
rigton na | a7 [Sorded oo geerter| |
instream water ~ 9/21 P ydro p @ m 3770.94
generator
Sonhang2
Water to pumping| 4/15 o . Qi (17°/s2C)
station ~ 10/20 Hazen-Williams eq. — AX 0849 % Gy X RIS x 5054 9.11
I 4/27 Water intake capacity of intake tower N B
Irrigation water ~ 9/21 of Sonhang Qm’/sec) = 0.18 15.55
Sonhang 10/10 5
Instream water ~4/10 2/3 of irrigation water Qipey = Q% 3 10.37

* standard capacity 0.4 #/sec, maximum generation 3770.94 kWh

°d=0.3 m, Gy =120 (galvanized steel pipe)
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Fig. 6 Water level simulation results by reflecting actual water use status
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Table 3 Comparative analysis of errors by water level in the DIROM simulation performance by reflecting actual water use status

. R? RMSE (%) NSE
Reservoir StOrage
- Sonhang2 Sonhang Sonhang2 Sonhang Sonhang2 Sonhang
(18~22) (18~22) (18~22) (18~22) (18~22) (18~22)
~50% 0.00 0.01 43.7 8.2 -163.06 -14.03
50~70% 0.05 0.00 28.0 30.2 -22.13 -43.10
70~95% 0.20 0.02 11.2 20.3 -1.14 -6.52
95~100% 0.42 0.17 3.4 3.5 -2.08 -9.38
Total 0.09 0.25 26.5 19.5 -0.96 -0.20
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Fig. 8 Water level simulation results by supplementing missing water use data

Table 4 Comparative analysis of errors by water level in the DIROM simulation performance by supplementing missing water use data

) R? RMSE (%) NSE
Reservoir storage

i Sonhang2 Sonhang Sonhang2 Sonhang Sonhang2 Sonhang
(18~22) (18~22) (18~22) (18~22) (18~22) (18~22)

~50% 0.01 0.01 42.4 8.2 -153.94 -14.03

50~70% 0.04 0.00 27.7 30.2 -21.73 -43.10

70~95% 0.36 0.04 8.3 19.1 -0.16 -5.68

95~100% 0.49 0.17 3.3 3.5 -1.90 -9.38

Total 0.09 0.27 25.7 19.0 -0.85 -0.14
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Table 5 Comparative analysis of errors by water level in the DIROM simulation performance by adjusting inflow by applying inflow
coefficient
. R? RMSE (%) NSE
Reservoir storage
- Sonhang2 Sonhang Sonhang2 Sonhang Sonhang2 Sonhang
(18~22) (18~22) (18~22) (18~22) (18~22) (18~22)
~50% 0.18 0.00 28.3 10.6 -67.97 -24.20
50~70% 0.01 0.02 14.0 21.5 -4.83 -21.41
70~95% 0.62 0.07 9.2 17.8 -0.44 -4.81
95~100% 0.50 0.14 4.8 3.8 -5.66 -11.89
Total 0.42 0.45 15.6 15.5 0.31 0.24
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