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Water Shortage status in each subbasin in 1998
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Social Conflict Resolutions

2 Conflict resolution and prevention

/
%* Needs to know all sectors needs and water requirements in the future

I
: |
| |
: |
| |
: %* Reservoir in Kaeng Hang Mao, Chantaburi (former Eastern Sea Board plan) I
I - Conlflict resolution for water allocation in reservoir for joint use with agriculture use in the area |
| |
I .
I - Land use change from rubber to Durian trees created more water demand I

I
: |
I - Farmer demand : pipe system from reservoir to planted area and water allocation responded to water l
I
i use and water demand in the future in Wangtanode water basin. :
: |
: - Needs to have joint agreement in water allocation in short term. I

I
I a I
I %* Water pumping from Sakao Province to support Chachengsao and Rayong I
| |
: |

- needs to analyse and set water development plan in the area to be masterplan for agencies concerned 6
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Water Organization setup preparation

I3 Organization setup preparation

*%* EEC special zone is vital for country development. To manage water infrastructure, it is needed to set responsible unit to
manage water for all sectors in the area for water security and efficiency

**  To be a center for water resources management covered water resources, water use in EEC water network and
responsible for regulation setup, water use priority, water allocation, emergency response.

**  The unit should be established under EEC special zone act (1998).

X Feasibility study on special unit establishment should be conducted for water security and water management efficiency

in the EEC area.
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Water Demand Management

4. Water Demand Management

To encourage water recycle scheme more effectively, Push and Drive schemes should be
introduced to implement water saving up to 15 % to all sectors especially industrial

sector.

-> implement 3Rs to all sectors (community, industry, agriculture)
=» Reduce water use
=»  Water use efficiency improvement
=»  Water Reclamation
are alternative solutions from EEC water masterplan
(to reduce water shortage risk due to increase of water demand and less

water runoff in the area. It is expected to have water reclamation not less

than 100 M cum annually)



Water Financing Review

Water Financing review proposal

Objectives

To study and review present investment status and assess gap of

investment and water finaning

Scope

® To analyse and compare cost and benefit of intelligence water system
alternatives to water saving and water recycle.

® To encourage water demand management

® To invest in water supply and municipal sanitary

Study area

® EEC special zone

® Urban area

Expected outputs
Policy recommendations on
water infrastructure
investment for sustainable

development



Recommendations
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11) The feasibility of Water Management Organization setup in!

:EEC should be conducted.

:2) The regulation setup on water saving, water recycle and
pollutant discharge should be prepared.

3) Water Financing scheme on Water Infrastructure

:Investment should be reviewed and explored.
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ibol Dam Operation Impm\ﬂi Optimization modelling
and Satellite Information Technology to reduce drought risk

under T-TSRI Spearhead Research Program on Water Management

By Assoc. Prof. Dr. Sucharit Koontanakulvong
hWrch Program on Water Management
Fac Engineering, Chulalongkorn University

TIONAL CONFERENCE ON TROPICAL LIMNOLOGY 2020
(TROPLIM II) IN ICOES (CIBINONG-BOGOR, INDONESIA)
November 18, 20292.

Presented at the |
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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.

copyright @ 2010
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* Introduction

* Objectives

* Approach

* Procedures

* Results

* Conclusions

« Spearhead Research Program Introduction
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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.

copyright @ 2010
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Farmers pumped irrigation water during drought period
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7%
o )\%

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.

copyright @ 2010
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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.

copyright @ 2010
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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 estimati®n Dr. Chaiyapong Thepsit, KU

Reservoir Release suggestion

Runoff volume at selected stations 20



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

21 |  2-Week Rainiall 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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Mahidol University

WANISANITUVUDVY

2

ADAPTIVE NEURO FUZZY OPTIMIZATION MODEL

Layeri Layerz2 Laer 3 Laera Laer s

~
REINFORCEMENT LEARNING

INFLOW PREDICTION 70 Cumulative Predicted |
nflow, 7
MODEL WITH —
MACHINE Available Storage, St
LEARNING Inflowy, it
acancy Storage, WVt
——-’.

Water Level, WLt —

s e e s o——

STOCHASTIC CONSTRAINT PROGRAMMING MODEL

Numerical VaLuesI

Agent
State Reward Action
St Rt At
: Rt+1
1s5t41 Environment
)
j
| | !
| Outputs {
| | I
— v
Fuzzific Defuzzif
| Inferences T Reservoir Release, Rt
ation ication :
—

Fuzzy Area

CONVENTIONAL FUZZY MODEL

Numerical Values

1

t CONVENTIONAL FUZZY MODEL



-1.Two week forecast results compared with observed (2012-2017,

Forecast efficiency
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ng5.12%

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

I Station C.2
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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
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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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! Om Thailand Water Sector
— Current Opportunities allenges with case study

T-TSRI Spearhead Research Program on Water Management

By Assoc. Prof. Dr. Sucharit Koontanakulvong
hWrch Program on Water Management
Fac Engineering, Chulalongkorn University

Presented at the SIA Water Virtual Exhibition 2020
Syn-Hub digital community, Bangkok, December 1, 2020.
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Introduction

Drought Is an serious issue of water related disaster In
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. The reviews of national policy,
supporting agencies and case study are introduced. In case
study, the technologies for demand estimation were
developed and coupled with irrigation operation optimization
module to increase Irrigation efficiency.

copyright @ 2010
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Farmers pumped irrigation water during drought period
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| Objectives and scope of case study

Objectives
* To Increase Irrigation efficiency by 15 % in average
(especially in dry season crops)
« Develop integrated irrigation operation system
(with demand, canal, release estimations, gate automation)
Scope
* Thor Thong Daeng Irrigation Project (TTL)
(one of the 33 irrigation projects in the Central Basin)

~+ Benefit area : 48000 ha
« Simulation period: 2017-2018, Test period 2018-20109.

copyright @ 2010
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Study Area : TTL Irrigation Project
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Approach

 Integrated Irrigation Water Operation System Development
comprised of Water Demand estimation, Canal Monitoring

Irrigation Water Release, Gate operation optimization, Data
Dissemination modules

 The modules were developed and calibrated by using actual daily
data during 2017-2018 and water saving measures were tested

with daily data during 2018-2019 to compare with planned water
release (with/without system).

* The System was introduced and used for Farmer group capacity

l"\llllf‘llhﬂ //
MuUultiui y-
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Canal monitoring system
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Soll moisture system to estimate demand
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Simulation results 2017/18, 2018/19

lWnue

anUsununseey

ATNNTIUMALATINTS " "
USuauungdaase (au av.ul) 205.03 349 .57
wutwizUanasa (1s) 449,178 492,129
HadIasIUSuIuUNA9939 (31U au.il) 170.96 268.20
Jdszuadnau (%) 16.62% 23.28%
Uszndau1a1nn1589954 (31U au.al.) 34.07 81.37
leWIznuwIzUand12
USuauundends (dru av.u.) 93.62 270.50
wunwazdandna (19) 344,948 373,799
wav1aIusSuIUUd99549 (AU au.il.) 78.20 202.33
ﬂ'izﬂETﬂi:lé’l (%) 16.47% 25.20%
Usndau1a1nn1sd99s9 (AU au.u.) 15.42 68.17
WisuisuUSununisdaindanaadinisuivinsdanas
2,000
1.800 5061 AnTwese me0S61 uuudiass W ELAE2 AnImeia m61/62 uuusnana
1,600
ER 23.28%
= 1,200
;.'E 1,000 25.20%
E 800
5 s0o B1.04 mom
400 68.17 mom
200

ATIABINSE wadmsaBuranidieds

Armdfsimsiwe i r

15.42 mom -
S

madan Auvuindsadmesdin ¥

audAsiinlun1ssaassutwanuRvausenu Inswmassosas 15

eiqﬁ’"m'm'ﬁqn1quiﬁn'jsuﬂ1iﬁ1 LAEASNTITUVBUNBATAT

-. ST » oy ﬂ-—::—&_
Wi SO o S &0 Fu B AW F

. e o mr s - P ® P
s uuday witwtuaziidnivhg drnaFaniiuin wEAlWnNsanuAE
- 3 - % \ B 5
AnanIdva s Taie an'liu"mﬁ'd‘i*"mu n_a»m‘n'gu‘l'uﬁU'itﬂLu " TsidpanmsuuwaUssmu
1-3 Juwin ﬁ‘:u'i‘uuﬂmm‘snm;ﬂﬁuha vietainluwdaaundn  Aeanisssuieapnanelag
wituduasssuimnhesnils Ussuns 10 wu. Aeuiuies

winuaia

“sdunuunisgadsuna
ﬂ’l‘iﬁm Lgﬂu'ﬂ.yﬂq‘s
SAAISTUNTINUN
vadszn1u”

B ar B
dninanulvunnslau 20 Tou

. —— i . ey
. % = = SN & n.
wUUITIaeIan AN [N InALBURY o™ P -

Al rice?ﬁ?.d?

=]
L

[T
water cantent {mm) i ‘é‘
o
=]

-20 4

—40 -

AR IATTNEUTTH e puTH ARR ITUn g RLAE IR |
T v e e A uA e wilusu

days after planting

R x u..-:’-.u--‘u;l 9
gueiteianrrnuear lnrairavug Ty vow. 4



Faculty of ENGINEERING | Chulalongkorn University
Pillar of the Kingdom

ater User Group presented to Senate Members




Faculty of ENGINEERING | Chulalongkorn University
Pillar of the Kingdom

Main findings

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

« Soil Moisture data can help estimate water demand in farm level.

« Canal water level and automatic gate operation can help irrigation
staff to save water, labor and time consumed.

* Five measures (Hard (demand estimate, canal water monitoring,
gate operation), Soft (water allocation decision, farmer capacity
building) were implemented in TTD Irrigation Project and the

system can help save water release during dry season more than
20 % (plus labor and time saving and damage risk detection).

copyright @ 2010
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Remarks
* The policy of digital government is under implementation.

« Water sector Is a basic infrastructure system for natural
resources management and conservation.

« With constraints of resources/energy/human, the digital
technology can help foster economic and social wealth.

« Combination of measures: needs, capacity, soft, hard,
resources, regulation etc. are needed to transfer and
transform the technology and system into practices.

copyright @ 2010
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Challenges for future applications

* Micro --- household, factory, industrial estate level
(water/energy/labor saving, water recycle)
* Regional --- lrrigation Projects, Smart City
(IOT based information management for resource saving)
* Basin --- Central Plain, EEC
(Area based water management digitalized system)
* National -- standardized Water Data Center/platform for
operation/planning. y

copyright @ 2010
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