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Water ProblemWater Problem
GW study necessityGW study necessity
GW model necessity as toolsGW model necessity as tools
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GW study necessityGW study necessityGW study necessityGW study necessity

potential studypotential study
surface water interactionsurface water interactionsurface water interactionsurface water interaction
contaminationcontaminationcontaminationcontamination



GW study necessityGW study necessity
GW potential

21 (39)
study

in sub-basins

2.3 (6.3)
Mae rampun

( )
Nan 4

in sub-basins

0.4 (2.0)

6.4 (18.2)
Kwae Noi

110 (454)
Lower Yom

( )
Ping 4

313 (1,377)

116 (407)
Lower Ping

3.5 (13.7)
Lower Sakakang

313 (1,377)
Lower Nan

Groundwater use in 2003

(Potential)

Unit : mcm/year

g

13.8(44.5)

95.6(309)Lower Nan
Unit : mcm/year

totaltotal  766 766 ((28702870) ) mcm/yearmcm/year

27 27 % % of total potetialof total potetial 0.4 (1.2)
Klong Poh

53 (197)
Chaophraya plain

( )
Bungboraped
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GW model necessity as toolsGW model necessity as toolsGW model necessity as toolsGW model necessity as tools

groundwater models are able to provide datagroundwater models are able to provide data
on seepage, groundwater flow, chemical/mass on seepage, groundwater flow, chemical/mass 

movement and natural protectionmovement and natural protectionmovement and natural protectionmovement and natural protection



PartPart 22 GW ModellingGW ModellingPart Part 2  2  GW ModellingGW Modelling

GW model  typesGW model  types
Implementation proceduresImplementation proceduresImplementation proceduresImplementation procedures
Model developmentModel developmentModel developmentModel development
Calibration/validationCalibration/validation



GW model typesGW model typesGW model  typesGW model  types
Groundwater quantityGroundwater quantityGroundwater quantityGroundwater quantity
•• MODFLOWMODFLOW--9696, MODFLOW, MODFLOW--2000 2000 (saturated)(saturated)

dd ( bl d)( bl d)•• Hydrus Hydrus 11--D,D,22--D (variably saturated)D (variably saturated)

Groundwater qualityGroundwater quality
•• MTMT33D (solute transport)D (solute transport)•• MTMT33D (solute transport)D (solute transport)
•• FEMWATER (solute transport, FEM)FEMWATER (solute transport, FEM)
•• UTCHEM (multiUTCHEM (multi--phase transport)phase transport)
•• SUTRA (densitySUTRA (density--dependent flow )dependent flow )( y( y p )p )



Implementation 
procedures



Geological dataGeological dataGeological dataGeological data



Layer ClassificationLayer ClassificationLayer ClassificationLayer ClassificationLayer ClassificationLayer ClassificationLayer ClassificationLayer Classification

Flood Deposit & Low Terrain

High Terrain



•Flood Deposit
•Low Terrain•Low Terrain

10 km. 1

15 by 30 grids

0 km

15 by 30 grids
320 Grids Total

LayerLayer11LayerLayer11
GridGrid



•High Terraing

16 by 30 grids16 by 30 grids
346 Grids Total

LayerLayer22LayerLayer22
GridGrid
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Boundary conditionsBoundary conditionsyy

• In/out flow condition

• No-flow conditionNo flow condition

Fi d h d• Fixed head

• Fixed gradient



Active cell

Inflow boundary

Outflow boundary

FlowFlow
Outflow boundary

Flow Flow 
BoundaryBoundary



Gradient, i=0.0025 m/m
Q=KiA

Gradient, i=0.0018 m/m

L t lL t lLateralLateral
Flow InFlow InFlow InFlow In
CalculationCalculation



Input parametersInput parametersp pp p

•Well Distribution•Well Distribution

•Kinds of Well Consumption

•Pumping test

•Recharge rate•Recharge rate
(by test / survey / statistical method)(by test / survey / statistical method)



Groundwater well explorationGroundwater well exploration



Questionary
Pumping test

Streamflow measurement
Pumping test

Field activities
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Well Well 
Di ib iDi ib iDistributionDistribution
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LayerLayer11
modelmodel
pumpagepumpage



LayerLayer22
modelmodel
pumpagepumpage



RechargeRechargeRechargeRecharge

•Areal Recharge
•Soil Types•Soil Types
•Rainfall

Channel Recharge•Channel Recharge
•River bottom bedRiver bottom bed
•Section

S•River Stage



Infiltration rate (% of rainfall)Infiltration rate (% of rainfall)
0.1
0.2
0.3
0 40.4
0.5
0.6
0.7
0.8
1.0

Top SoilTop Soilpp
Classified ZoneClassified Zone



River cross-section

Main RiverMain RiverMain RiverMain River
PathsPaths



Calibration and Calibration and 
verificationverification

1.1. Steady Calibration : Steady Calibration : 20032003
2.2. Transient Transient Calibration : Calibration : 19931993--20032003
3.3. Model Verification :Model Verification :2003 2003 -- 20052005

1993 > Starting Head 1 Steady > K1993 -> Starting Head 1.Steady - > K

1993 2003 20053.Transient -> Spec. Storage1993 2003

4.Verification

2005



Calibration TargetCalibration TargetCalibration TargetCalibration Target
Steady State•Steady State
•Horizontal HydraulicHorizontal Hydraulic 
Conductivity/Transmissivity

fl•Inflow

•Transient State
•Specific Storage



ObservedObserved--Head Data SetHead Data Set
Steady Steady : Dry season : Dry season 20032003

ii 993993 20032003TransientTransient ::19931993--20032003
Unit : observed wellsUnit : observed wellsUnit : observed wellsUnit : observed wells

StateState Layer1Layer1 Layer2Layer2 TotalTotal

SteadySteady 9393 1313 106106SteadySteady 9393 1313 106106

TransientTransient 135135 1010 139139
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TransientTransient Verification: Verification: 
LayerLayer11 20032003

SteadySteady
LayerLayer11, , 20032003



Calculation Error Summary Calculation Error Summary (m.)(m.)

Transient StateTransient State
19931993--20032003

AbsAbs Root Root 
LayerLayer MeanMean Abs. Abs. 

MeanMean
Mean Mean 

SquareSquareSquareSquare

Layer1Layer1 4.514.51 6.086.08 7.607.60Layer1Layer1 4.514.51 6.086.08 7.607.60

Layer2Layer2 6.166.16 5.685.68 7.607.60yy



Steady State Error SummarySteady State Error Summary
LL 11Layer Layer 11
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Modeling ResultModeling Result
Groundwater BalanceGroundwater Balance

Modeling ResultModeling Result

(Dry season, (Dry season, 20032003: Drought Year): Drought Year)
Pumpage Recharge

Boundary Boundary
1,172,000
Pumpage

1,056,000
Recharge

Layer1
150,000 200,000

Boundary Boundary

Layer1
Aquifer to Aquifer125,000

Pumpage
32,000

Recharge

66,000
3,000 162,000
Boundary Boundary

Aquifer to Aquifer

Layer2
Unit : m3/day

3,000 ,



LayerLayer1 1 Flow InteractionFlow Interactionyy
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Groundwater Level
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Analysis / Application

Groundwater potential Groundwater potential 2.3 (6.3)
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PartPart 33 Application casesApplication casesPart Part 3  3  Application casesApplication cases

Isotope ApplicationIsotope Application

Cli t Ch I t A tCli t Ch I t A tClimate Change Impacts Assessment Climate Change Impacts Assessment 



(1) Isotope Application( ) p pp

Location of samples

4646



Isotope Applicationp pp
Comparison of meteoric line.

KuilinKunming

study area

Luang Phrabang

Haikou Surface water distribution

4747

study area
Yangoon

Bangkok

assembly of surface and 
groundwater at deep aquifers



Isotope Applicationp pp
Isotopic compositions of surface and Isotopic compositions of surface and 

d t i il l i dd t i il l i dgroundwater are similarly in dry season.groundwater are similarly in dry season.

Precipitation in the Yom and Nan river basins Precipitation in the Yom and Nan river basins 
are not related to precipitation in Bangkok are not related to precipitation in Bangkok 
b t it b f th fb t it b f th fbut it may be from the same sources as of but it may be from the same sources as of 
Kunming’s and Yangoon’s. Kunming’s and Yangoon’s. 

Seasonal change in groundwater and surface Seasonal change in groundwater and surface 
water fingerprints requires the second set of water fingerprints requires the second set of 
samples was collected in rainy season during samples was collected in rainy season during 
J l t A t t l ff tJ l t A t t l ff tJuly to August to compare seasonal effects on July to August to compare seasonal effects on 
groundwater rechargegroundwater recharge. . 



(2) Climate Change Impacts 
AssessmentAssessment 

Condition of simulate groundwater

Periods
   Past: 1982 – 2005     (Real Data)( )

Near Future: 2015 – 2039 
   Future: 2075 – 2099

Downscaled MRI GCM

Seasonal
W t (M O t b ) D (N b A il)   Wet (May - October) Dry (November - April)  

Water YearWater Year
   Wet, Normal, Dry and Severe Year depend on the actual 
storage of Sirikit Dam (considered the irrigation water

4949

storage of Sirikit Dam (considered the irrigation water 
demand from paddy only)



-3.55%

MRI Near Future %Diff Near Future Present
1,598 mm/year

3.55%

MRI Present

MRI-Near Future %Diff_Near Future-Present

1,657 mm/year
MRI-Present 
(1979-2006)

+4 26%
%Diff_Future-Present

1,728 mm/year
+4.26%

MRI- Future
5050



Water level Area below ground Water level surface over 10 m.

Near future
(Dry season in year 2023)( y y )



1863000

1864000

Location of critical 
area

1860000

1861000

1862000area

1858000

1859000

1860000

1856000

1857000

620000 621000 622000 623000 624000 625000 626000

1855000

Near future
(Dry season in year 2023)



Change of g
water levels Cumulative probability 

of water levels

Change (-)

of water levels

Change (+)

Minimum change Maximum change

Near future Far future Far futureNear future



Modeling conclusionModeling conclusiongg

G d t fl

Pumpage (millon m^3/month)

Past Near Future F F tGroundwater flow Past Near Future Far Future

Flow in Flow out Flow in Flow out Flow in Flow out

Groundwater Basin 17.16 21.37 14.48 13.23 18.09 13.45

River 1.09 0.05 1.13 0.03 1.13 0.03
Wells 4 86 4 37 6 51Wells - 4.86 - 4.37 - 6.51

Recharge 6.71 - 6.01 - 6.54 -

Total (rainy) 24.96 26.29 21.62 17.64 25.76 19.99

Groundwater Basin 15.82 17.95 18.99 17.82 26.11 25.68

River 1 13 0 05 1 06 0 13 1 09 0 09River 1.13 0.05 1.06 0.13 1.09 0.09
Wells - 7.92 - 8.95 - 8.24

Recharge 0.940 - 1.738 - 2.114 -

Total(dry) 17.89 25.92 21.78 26.90 29.31 34.00



Groundwater BalanceGroundwater Balance
Recharge

6.71,6.01,6.54
River Past

Well
4.86,4.37,6.51

River
1.09,1.13,1.13 Near future

Far future

Aquifer
Boundary

21.31,13.23,13.45 Boundary
17 16 14 48 18 09

Far future

, , 17.16,14.48,18.09

Unit : million m3/month



Climate Change Impacts Assessment 

Trend of rainfall in dry season  increase Trend of rainfall in dry season  increase yy
(near future & far future) may not effect (near future & far future) may not effect 
in groundwater use and water levelsin groundwater use and water levelsin groundwater use and water levels.in groundwater use and water levels.

Groundwater levels below Groundwater levels below 10 10 m in critical m in critical 
year in zone Cyear in zone C1515, C, C1616, C, C1717, C, C1818 and Cand C1919..year in zone Cyear in zone C1515, C, C1616, C, C1717, C, C18 18 and Cand C1919..

Trend  of change of storage in Trend  of change of storage in 
groundwater  both of near future and far groundwater  both of near future and far 

5656

gg
future will increase.future will increase.



PartPart 44 Future trendsFuture trendsPart Part 4  4  Future trendsFuture trends

New technologiesNew technologiesNew technologiesNew technologies

New AreaNew Area

New ApplicationsNew Applications



New technologiesNew technologiesNew technologiesNew technologies
StochasticStochasticStochasticStochastic

Simulated variograms of 
groundwater table

-35

Isotopic Composition

IsotopeIsotope
-45

-40

H

Isotopic Composition

Isotope Isotope 
-55

-50δ2
H

-65

-60

-10 -9 -8 -7 -6 -5 -4δ18O



New AreaNew AreaNew AreaNew Area
Unsaturated zoneUnsaturated zoneUnsaturated zoneUnsaturated zone



New ApplicationsNew ApplicationsNew ApplicationsNew Applications
Integrated with surface waterIntegrated with surface watergg

Contamination issuesContamination issues



ReferencesReferences
• Bejranonda, W., S. Koontanakulvong, M. Koch, and C. Suthidhummajit, Groundwater 

Modeling for Conjunctive Use Patterns Investigation in the Upper Central Plain ofModeling for Conjunctive Use Patterns Investigation in the Upper Central Plain of 
Thailand, Darcy 2006, Aquifers Systems Management, Dijon, France, Mai 30 - June 1, 2006.

• David KeithTodd, Groundwater Hydrology.
• Domenico Schwartz, Physical and Chemical Hydrogeology., y y g gy
• Faculty of Engineering, Chulalongkorn University (2002), Groundwater Potential in Lower 

Central Part of  Thailand.
• Faculty of Engineering, Chulalongkorn University (2006), The study of

 Conjunctive use of Groundwater and Surface Water in Northern Chao Phraya Basin Conjunctive use of Groundwater and Surface Water in Northern Chao Phraya Basin.
• Phatcharasak Arlai. Numerical Modeling of possible Saltwater Intrusion Mechanisms in the 

Multiple-Layer Coastal Aquifer System of the Gulf of Thailand. Doctoral 
dissertation, University of Kassel. 2007.y

• Sucharit K. et.al., Groundwater Potential and Demand Study for GW Management in the 
Northern Part of Lower Central Plain, Research Report submitted to the Thailand Research 
Fund, 2002. 

• Sucharit K and Chokchai S (2005) Industrial Water Use Situation in Bangkok Area and Its• Sucharit K. and Chokchai S. (2005), Industrial Water Use Situation in Bangkok Area and Its 
Vicinity and Factories’ recommendations, Jour. Of Engineering Institute of Thailand. 

• Sucharit K. and Chokchai S. (2007), Industrial Water Use Estimate in Bangkok Metropolitan 
Area and Its Vicinity, Jour. of IWRA. (in press)y ( )

• Bejranonda W., “Coupling Surface Water and Groundwater Models for Water Balance 
Analysis” [in Thai], Master Degree Thesis, Department of Water Resources 
Engineering, Chulalongkorn University (2007).

• Koontanakulvong S and Siriputtichaikul P (2003) Groundwater Modeling In the North Part
6161

• Koontanakulvong, S. and Siriputtichaikul P. (2003), Groundwater Modeling In the North Part 
of the Lower Central Plain, Thailand, International Conference On Water and 
Environment, Bhopal, India, Vol.Ground Water Pollution No.19, pp. 180-187. 



Website

www.watercu.eng.chula.ac.th
W te Re o e S te Re e hWater Resources System Research 

Unit


