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Abstract

Drought is a serious issue of water related disaster in Thailand
and caused huge damages to both social and economic sectors.
This study aimed to apply technologies to increase dam water
storage before dry season to mitigate drought risk in the Central
Plain (about 1.92 M hectares). The technologies for rainfall
prediction, demand and runoff estimation were developed and
coupled with dam operation optimization module. The results
showed that, with dam reoperation, cultivation area control and river

runoff utilization, dam storage can be increased by 20 % before dry
season which will help reduce drought risk in the study area.
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Introduction

Drought Is an serious issue of water related disaster Iin
Thailand and caused huge damages to both social and
economic sectors. Up to now, there were many attempts to
develop estimation/forecast technologies for water
management but separately. In the study, the technologies
for rainfall prediction, demand and runoff estimation were
developed and coupled with dam operation optimization
module to test counter drought measures.
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Farmers pumped irrigation water during drought period
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W Objectives and scope

Objectives
« To Increase dam storage at the end of rainy season by
15 % In average,
* Develop integrated dam operation system
(with demand, dam and surface runoff estimations)
Scope
* Bhumibol Dam (one of the four main dams in the Basin)

« Benefit area : Central Plain with 33 irrigation projects (1.92 M ha.)
~» Simulation period: 2000-2018, Test period 2012-2018.
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Study area : Chao Pharaya Central Plain
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W Approach

* Integrated Dam Water Operation System Development
comprised of Rainfall forecast, Water Demand estimation
River runoff simulation and Dam operation optimization
modules.

 The modules were developed and calibrated by using actual daily
data during 2000-2018 and counter measures were tested with

daily data during 2012-2018 to compare dam storage results with
and without measures.
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5 CO-RUN for Dam Operation under Research Program
o PROCEDURES
14 day rainfall prediction
[ Rainfall forecast
Dr. Kanoksri Srinonpakorn, Hll
4 day water demand forecast
[ Water Demand Estimation ]—
Dr. Chupan Puchan, KU
[ Bhumibol Reservoir Operation
14 day advance dam relea Dr. Areeya Ritma, MU

Basin Runoff network estimationJ—

l 14 day river runoff estimatigh Dr- Chaiyapong Thepsit, KU

Reservoir Release suggestion

Runoff volume at selected stations 0



B Rainiall Prediction module

CFS (50x50km, 100x100 km)

Physics Features/Climate Indices

Dynamical Downscaling
Coupled Model
(WRF-ROMs)
25x25km, 5x5km

Hybrid Methods

Machine Learning

2-week rainfall forecast

Operations

(to be sent to other research group)

*HYbrid Coordinate Ocean Model

Statistical Downscaling
(Linear Scaling)
5x5 km

11 | 2-Week Rainfall Forecast
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Agricultural Water Demand Estimation module via Satellite Images technology and Deep

Learning Approach

[ Conventional Approach ]

Over Supply ???

Under Supply ???

Water Release
ROS TooI
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) ROS Tool 1ROS Tool_Data

Agricultural Water Demand Irrigation Water Requirement Calculation

RID Staff

[ Remote Sensing & Deep Learning Approach ]
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River Runoff Simulation module (to estimate Side flow)

Model used: Distributed Water Circulation Model incorporating
Agricultural Water Use; DWCM-AgWU Snowfall/Snowmelt

Model incorporated 4 submodels

1) submodel 1: Plant ETP estimation

2) submodel 2: Cultivation schedule and area simulation

_______

-
------
---------

3) submodel 3: Paddy water use estimation

------
---------------

o 7 Imgated Padd1es

' ' // / / ________ ",: _____

-----------------

Water management model e

-
-

4) Submodel 4: Runoff simulation

-

1) Water balance model

Vres (t) - Vres (t - 1) + (Q resin (t) - Qresout (t))At Unsaturated Zone +

2) Irrigation water allocation model

Qdiv — min (Qriv ’ Qcap ’ Qdmnd )

Saturated Zone _>




RESERVOIR RE-OPERATION WITH ARTIFICIAL INTELLIGENCE

Machine Learning
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INFLOW PREDICTION MODEL
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-1.Two week forecast results compared with observed (2012-2017,

Forecast efficiency
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2.1 Agricultural water demand estimation

via Satellite Images and Deep Learning techniques

Effective Rainfall
CFSV2 from HIl

Bi-Weekly Forecast

Bias Correction

8-day Effective Rainfall (mm)
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2.2 Agricultural water demand estimation

ng5.12%

Net Irrigation Water Requirement

seasonal (during 2012 — 2019)

via Satellite Images and Deep Learning techniques

Ratio dry:wet = 65:35

Net Irrigation Water Requirement

Annual (during 2012-2019)

Annually average= 9,298.28 MCM

Back

Net Irrigation Requirement (Central Plain)

Net Irrigation Requirement (In-season)
Net Irrigation Requirement (Off-season)
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3.1 Model calibration
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3.2 Case A Side flow estimation without water allocation
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Bhumibol Dam Storage (increase/decrease)

Counter (%Active Storage)

Simulation conditions

measure November Rainy Dry Annual
season :*“'season
Using Conventional Fuzzy Logic Model (from past to present situations) :

Using Planned Water Demand from Dam 2000-2018 +6.09 +18.37 : +11.5::7 +14.70
(actual past records) with dam operation ; :
optimization scheme
Control cultivation area in the 2000-2018 +9.86 +24.50 _____ + 1613 +19.98
Basin(during 2012-2018) based on (A3.77)% (A6.13)%  (A4.56)%  (Ab.28)%
water year
Used Side flow from station W.4A and in 2000-2018 +14.55 +25.69 +19.37 +22.28
the Basin as another water sources to (A8.46)%/ (A7.32)%/ (A7.80)%  (A7.58)¥
reduce water release from the dam Meet the target of 15%

increase before dry season



1000

500

3.3 Case B River runoff simulation with Bhumibol Dam Release
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Main Findings

« Two weeks rainfall forecast via CFSV2 model after bias correction
can forecast daily rainfall effectively (with R2 = 0.88)

« Agricultural demand in irrigation projects via satellite images can
estimate annual irrigation demand (at 9298 M cum in 2020).

« DWCM-AgWU simulation program can estimate runoff at main
stations in the Basin effectively for both with/without dam release.

* Three measures including Bhumibol dam operation optimization

can increase dam water storage before dry season near to 20 %
using past conditions during 2012-2018.

copyright @ 2010
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Conclusions

* The Integrated dam operation system was developed and
proved to work effectively from the past actual daily data.

* The integrated system comprised of rainfall forecasting,
demand and river runoff estimation and dam release
optimization.

* Three measures (dam optimization, cultivation area

control and river runoff utilization) were tested and found

that the measures can increase dam storage before dry
season in average near to 20 %.

copyright @ 2010
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