s1wudsduamsus:gu

R’ dUIALUNYNNSSTUINEIUIUIANEA ASIN 45
@

45" 1AH International Congress 2018

DGQJ{?OH Korea / 9-14 Septembef 2018

SRS LS

U [WaJ Daejeon Us:inANKATA
8 - 15 nuengu 2561



F1891UNN5UTEYN FUANTNANNGTUIMEIUIUIYIRA ATIN 45
(45™ IAH International Congress 2018: “Groundwater and Life: Moving

Science and Technology into Action”)
W99 Daejeon &1515U3FNME (N1MEM)
3ENIN9TUN 8 - 15 AueIeu 2561

1. auduun

n1sUsgyuantnudngnnssalIng1uIu1¥1@ (JAH: International Association of
Hydrogeologists) t{un1sUssyaignisuiusafidntudulsedmnd itedundldinisinisms
srugnnssainenanmlanldilontadnauenanuizinmsmeiugnnssaine) wanidsunimi
wagUsraunsaimainins Tuusagdazdnmamudsudanilulsemaandniauedududnmly
nsdney il asneutngnnssdineIuisans1saisinmad (AH Korean National Chapter : IAH -
KNC) wagnsunsingInsssalunaans1sasgining (Korea Institute of Geoscience and Mineral
Resources) léauadiiaduidinmudnlunisanisaunauuiuedingnnssdine adsil a5
Usd1d w.el. 2561 o les Daejeon ansnsadginng (nwiald) Tnsdussifiundnlunisussgundsd
Ao Groundwater and Life: Moving Science and Technology into Action I@aaj&LﬁuiuL%aﬂ%aﬁﬂﬁi
tuasuidonazmaluladiuihuinauldlunsufialannty ilefaundinanudusgves
Usznslan sulufmisaduenutuaansnudilfianudduiduiuuinauasamnindeld

2. VANNISUALIIANE

nsumInensthuina Wumhsmumdnvessamalnefiiinisivlunisuimsdamaninens
iaaliiduluegnafiussaniam duiu masandsuosdanuddumsuimsiammineinsi
v1na KuNUsEERATIMINNA LU sEmad1s q Auszaunisalunisuimsianisihuima
suduiisensueganiuensuszivlan Jadudeiimudndusionsiannesdanuy faundneniw
yaans uazimuatet i ArIMIinenTiuIne Woussqimneaudugudnardums
Uimadansnineinsiiuianavesaifeny urenidesls (Groundwater Hub in Southeast Asia)
uen9nd madeudmalulad Yszaunisal uasuumefiRdfandeUssma Ssanansoiandy
wwamnslunsUssend Wielfimangansvaniunissithuianaluilagiu aaonsuunuiuldls
aonadestuuiunvesUssmalng Suazthlgniseydndnineinsiiviaia Tiiaudsdusely
Tuaunan

3. InqUszaen

1) Wieiauenanumainng Wisuussgudunun fimsiiauenainundinnis

2) LﬁaﬁwmuazLLaﬂLﬂ?ﬁJummif Uszaumsaiseninadnivanisgnutnuinialusyay
UTUIBIR

3) WiolviAsmusslolusssuuunea dvumsianmsninensiiumaluounan



4. \Wunalasanis

LﬁaﬁwmLLava'QLa%wﬂmﬂimaﬂﬂium%’wmmﬂfwmma NSINUIEAUBHNAIUNIIVINTT
‘UiJUlIﬁllll‘L!’l LLaﬂLUaﬁluﬂ’J’lui AUAALIL WaIWIBIRAUSIugnnIvewaz nsldnTnens
dhuimasgnedidy sauluiansAneuuimianisusmsinnisnineinsituinaetiediuszansam
yosUszwAnie 9 Mdufivensulusedvaina Lwammmgmi@mﬂﬁzqﬂm%Lwamiﬂﬁuamu uag
ANTULATINITAN 9 gesnsunsnensihuna Tnsawzedsdsluussfuiifetotiu

1) negnsifieliiAnaudBurouvaniiuima

2) ammmazmﬁﬂuLﬁau%aaﬂfwmma

3) gmumLLuugimWﬂwsmaaﬁﬁmmaLLazﬁwﬂaau

4) Thureafundeay

s?fwizLﬁuiuﬂ’]iﬂizﬂgﬂuﬂ%ﬂﬁfﬁm%’aqﬁ’uimqmwﬁq q finsundnensiviniaids
AilunTey LUy ﬂﬁ@mﬁwaaaﬁwf’]mma nsAnwmansynuseunasituiaalaglduuusians
¥uena ﬂaqmél,ﬁalﬁt,ﬁmmm5&5%@%mém§’1m@m nMsnsavaeutefiansensdnmsuuidouves
Lma'mfwmmauazﬂﬁﬂywj miyjmmmﬂi’fﬁwwmaiwﬁuﬁﬁﬁu s lUflAsINIsaILILMEaS
nasuANNSaulAf AN

5. YBULUAYBINTTUTTYUFUNUN

ﬁﬁmﬁé’ﬂiumiﬂiwu Groundwater and life: science and technology into action & 9
degey Fadaludnvuznisuszyuguui Welimindvnislidnaueranundginislulssnui
a v Yy v 2 v & o 1% 1%

Neates warliidrrunisussguanunsadenidiilsludssinuinaulald seneulude

1) duimauasdiin anuimmtlunisuilatyminginisalinvinatutagiu

2) Msdaviiuuaesvinawaznsussendldmalulagnvivady
3) mmJaEmLLiJmmumLL’maamvmmmﬂ/ﬁ“mﬂaﬂ LAZNANTENUADULMEUNUINE
)

4 ﬂawmwammawmmLmaammma

4.1 mswmsdansmimensiuimasg ey

4.2 ssvutuiinassfuniane neldianmgfonefiuasuudadly

4.3 welulaBuaznagnitiienislithuiniaesnadsdy

4.4 mafuthasgduiiuina

4.5 Msfamunsedeuiivesiuinalasnisldnmuautinaeiuaglelaln
5) @mmwLLazﬂﬂiUuLﬁauﬁumﬁfwmma

5.1 thusuaziilan

5.2 vy Waoslsa wazansuuioudu 1

5.3 Bnsdanstuansudoufiiatuluiuina

5.4 mstesfuuashauwaznstintuma
6) JHNBIUUUYIINMIVONUIAANAERIRY

6.1 Ufduiud/enuduiussenrisifinfuuashlin

6.2 Trvsdlindluazgnninainemesiuisuiuihuasuinaiuldiafeni
7) nafinviilumsfinuvesiuiuimaiduduiuuas fiuiifisosunn



8) Msdnnsitufivneilauazninensii
9) Pumatungaenu
9.1 MNIMIRVLTUARYINIEIINGT
9.2 wasiniufwansueulneanlennisssainen
9.3 pNasuANNToUlANAN
LLazﬁﬁaﬂismﬁﬂQOuuaﬂamu‘ﬁ (Mid-Congress Excursion) %qawuwsaﬁwuﬂﬂszqﬂﬁﬁu
Tasamsves nu. Adidunsedlutiiatu suluddasmsiiamaiazduiunsdelulusuian

6. JiU3AUTEY

PIFIWANTNTUNTNYINTUIVIAS 91U 5 578 Usznaunie
1) wwaniadd wesviel  dnssainerdiugnisiiee (u.)
2) WA B9aasIal Unesaiinendiungns (ud.)

3) WIEUIUN EINAINT Undanisnuiiluufumnis (eva.)
4) WA INT Yuan  nssaling1duians (aevl)
5) u9EIail Uy Unsseiine U uRnig (e,

7. 51982198AVRIN1TUTT YL
7.1 N15UT5818
7.1.1 msiignaniiiae laginensgnssanial (Keynote Speakers)

Wenmagandlidnaueugnafiaydnuiy 11 Ses loua

1) Franklin W. Schwartz ﬂwmuaﬁfea “How Urbanization, Poverty, and

Populations are Shaping Asia’s Groundwater Future”
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2) Kang-Kun Lee Yaunides Exploring better and new utilizations of

groundwater in Korea
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3) Nico Goldscheider Yiauni3es Global challenges and local solutions in karst
hydrogeology
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4) Kyong-soo Oh YLauai3e3 Creation of Economic Value and Social

Contribution Using Groundwater Resources
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6) Martin Sggaard Andersen Yaueises Groundwater Management Down

under — Lessons Learned from the Australian Experience



Martin Sggaard Andersen lautausiiganudszaunisaln1susnisinnisuiluy
. . . = I 1 %,’ PRt P al 1% " al al dy a |§j I
Murray-Darling river Basin #uduussiilvgianuazduriagnveeeansidy iundiulvgasegly
wandonALiauduasfauriuasvesoeansids ATUTIadHuduagliviuey diuinnaided
unumdAglunsiamurasinnelulsemalazinensnssy Tugrsinaniiiiafuluasi Wesan
Anuwisdsarn1sdnunfuly inldguudduanvgvinliinanudawdmienisitiesseninagly
waznqunalszlealang 9 undunanfeunisamssy memglfdinisiinagnsnsianisuaznis
Y] Y A ! ' 5 ¢ & fa A & gy ) ~ ]
Jpassufwanseeanty Wy uHuguiwesse - asdallady o dnlannasiulilul 2555 aeldna
gnsmariliduanuusisoufisldilugiudeyalunisdnnisuivesquin wWwelmdilaanimvesunas
U laRg9Tu a1usaUssuiunatnlrawasnszuiunisnng q iietuluguil Jalaiiunisidy
MINeIA@ns unumvesuildauly Murray Darling Basin Laglagianizag19489A1un1InEInIg
Wermanstunisianudilanssuiunsiildauluguan Inewudnuvimeuazsmniuniiden
§9A90Y
U

7) Aibing Hao 11Launi383 Remarkable achievements of hydrogeological survey

in China for recent years
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8) Todd Halihan ¥auei3eq Electrical Hydrogeology: A Picture is Worth 1000
Wells
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9) David F. Boutt Yaunides Do you know where your catchment ends? The

role of inter-basin groundwater flow and hydrogeologic transience in hydrologic processes
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10) Bjgrn Kl@ve Y aUBi3es Groundwater dependent ecosystems of the boreal

landscape
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11) Shemin Ge Yauaides Fluid injection induced seismicity: a hydrogeologic

perspective
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Bmihitvesnsuminennsinuinalddiauenasunisdinins (Oral Presentation)
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1) Geochemical Characteristics and origin of CO,-rich Groundwater in Southern Thailand
2) Sustainable Yield Estimation in the Central Chi River Basin, Northeast Thailand
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Hunanhs iddededndeniuiifnuiluuinadlisunanseny Wefnuniiamamsivaveniuima
Tnssasremassdiine) mulufsnafufosai ilelnneianautinani uasthuadnuiome
wagUua devmuumndlunsudlotiymi

- Groundwater database for sustainable water development in Guinea Bissau 1ag
vile sulniiloWad

Ienansdaussimanineldtion (Feorimun) egnauszmani-Taen Sinaiiuszrnsdnuseann
35% nUszrnsrauaiidiliamsadifundai wiefitheulna-uslaafiaveauazUaonsuld
nsudlatigmiivianusuesafisduluynengesnamngadluanmnisaivul Ae nsldusslond
Mnunasildiu wieudiAeatuiuumssilifuluysamaiiiin weiidfeyanszdansyaisey
udwaunn
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waniifuuianssulvuasfufuuuuresusemaluwauwenin Tneld3snsdavhiifinasgiu fivh
Tinsldusslevinnundaihuiaasazmseyinbundsihuinaldegnsdsbu Fadudiudidyii
Tranmarnuduoguasymuennnmatu Tulla.a. 2016 a3n13 UNICEF uaz DGRH (Direccao Geral
Recursos Hidricos) tasiufuusudgsamninuazuinsgiuvestayasgiaaziden laslasuainy
PR akaratUaUAUWMATANUNIINGTSE Milano-Bicocca Useinadmad lumsiaiunlaseasng
giuteya uaznsnsanaey Uiuuss uludeyalunnituiivesussmadifioglutlagiiu ielilduds
Yoyaiigndes asutu lasldusudsulasiainawesgudeyaiiiingiinszisieg Software svuy
Uvnsdamsgrudeyaiedusiug (RDBMS) Fadulusunsuitastaesinldarmisaysannisgudoya
needndetu waznsiaiusunsufisenwuunlneamglunsunafwUsnessdiinesn
IFeeesnludd Aarursavhlisuundnwazvosdutiiuinia (aquifer) ”Lﬁw%fau%’auﬂaﬁmﬂm:ﬁ
Usgnaumsdndulaldognsausngavdwiumaanveiuimalunniiufivestseima uenannd
é’aﬁlsﬁizwgm%’auﬂaﬁiumﬁmeﬁﬂimﬁuﬁwﬁﬁgﬁm AReadouarduiusiugy Vuanhlgaui
anawFeriutu mstestunnudsimnnsvuidonveunduilifulufuaueunss nsieadisve
ihata mifnsigunsaiiniesguinldesnamngay Wudu nsdavhssuugiudeyathuiaaids
ansnstaslumsiiensikasUssdunadoyaanimnsssdine uasdssdiuanudswomsduiion
vouvauIng lasszuuguteyatandueiesdefidrdylumasinunilousdutesUssina
fifluszansam uasUimsdanmanineinsinuinaldesnsdduselulusuian

grun1suulou

Saudmsnensinuimavziduunasniniafiiiuinm 97% sswunaniaanomelulan n1s
vaueautlunanuaskazgUlnauilaa waznisvudenluundsiuiniadinafutiguingn
onfoe1s 99nM5d1599 Snsaenisaiin 21 dledluusymaduieazvinwaautinaelud 2020
ety nsdnen 350 Lﬁl@ﬂ%}NLﬂ%@ﬂﬁ@lﬂ:ﬂ“]I‘umi’:ajﬂmﬁ/l%J‘WEJWﬂiﬁ?Uﬂﬂ’mﬁﬂﬁﬂ?ﬂﬂﬁ?ﬁ@ﬁﬂﬁ%Umi
wideymivant

® Geophysics: resistivity: 15815995580 @nAUTeUldnUNslY MRI wanulusnaneuywe
anunsahanldlunisesiam wu Aengvsluuurewanvlaiuiuliegiazien lnenis
Wasuwlaswesmanuaumuliiiiiaduainnisiuuaiisgesaatsansounsdluau
I a o w dy 14 1 a a a
Wulsgleadlunsfinmunisindnansuuileulaegrsiiuss@nsnm

® Nitrate contamination: 3MN@RANITAITIINUIT ANULTUTUVDLULASNTULNANALINNIN
1 1 d' < d" 1 d' 1 1 = Y 4
4 un./a. damanenuideddsanse Faunaiundiulngveslumsnasnislddelu
N3RS sudwendeainnistuaigvesuyed n1siidalumsnluwnasiniu
ASLUIUNITFITUBIRNALLAATVUIUENINTADNTTNUNTAUADNSEDUARIYVDIUATILI 8 T
HuGroundwater modelling Wagdayaninguiuiiiieans ginliaiusadnsiey
ASEUIUNIS denitrification TuszUUTNUIANALAAE NUN LS
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® Arsenic contamination Usgimadsnannalasuansiiwainansvuuiniign 3ainunaingy
wmaluiindewarnsdsuilasaniginendiiiinnisazaievesan sy

e Contaminant removal nMstrinanstudouiinannmaneds wu
1) msduene- lldased grem1dn Fe, Mn
2) Biodecomposition- naaasldiluaiiisesila Pseudomonas aeruginosa lunsgasaans
Polyethylene microplastics
3) Nanoadsorbents- M3n a5y (As) uavvlgaalsa (F)

8. s18aLRaaN1sUNAURNEN

1) Daesan riverbank filtration site
Daesan riverbank filtration site Atiun15lag Changwon C|ty L‘Uuwuw RBFuwaLsnly
Usenennvd diedussuulssundmsumizsnudiutiosiu LuawwaaumaEmemmWJuaaﬂLam
TAvasnuaynInIvma wazdlesihifuilomaiswes Gyoungsangnam-Do Us¥i Daesan angLﬂaLLaJm

Nakdong Zaduusithflemiialunivald (suil 1)
n13UszU Daesan Usgnaudieannseng 4 fifutiduaglsanutidmi daqtuiid

& g

nsWAnUsEI 130,000 gnurdniunssietu wagluszesiian 10 U Igimufdsn1snaniintudu 3
Fupou (5199 1) Lwimu%’jumauﬁamé’thLa%amszﬁ Uaﬁﬁmé&aﬂuéuﬁﬁumvﬂauﬁwwﬁiqﬁmm
NUUIENNU 40 D9 50 AT (i‘lJ‘Vl 2) LLauﬁuuWLLﬁuwaﬂaﬂmlﬂLﬁumwLﬂuwmlfuﬂwgﬂmmwﬂa (i‘Um
3) ﬂimﬂumwmﬁmua%wumLﬂuﬂjwﬂmmaﬂiuww Sulszansniseethvestuuiaf s
104 f9 107 ms1ammsaeIud wasdAadeUssuna 3.0 * 107 as19mnsieIund
nsIeuEaRnIsLIndeinveswraitetandiifiuinlseundnatives Daesan
$omii 26 auanuiAftuaslud w. @. 2560 LLamJ‘%mmmi%’mquﬂqmGiai’umﬂu'a RBF Uszaneu
76,000 gnuiAiinsefudsdnduiosay 58 vasrhdansnandieanuuy wasisnenuinegsening
sAiumsLiieasyi radical collector wells Lﬁam‘%summw%aﬂumﬁmmLm&iaﬂfwLﬁmgmw‘u
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JUT 1 uRuuaninumiaves Daesan riverbank filtration site Tuillesynaieu
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2 u@ns simplified geological section of alluvium system in Daesan riverbank filtration site
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unconformigy = = = = = o = -
m Falsite, auartz porphyry.
[ acidic drke

wuuu oy n
- ESION COMBEL + = - -
sedimentary

Calcite, arkose,
green shale, cherty shale

< atic tult

[@ Riyoltio 1t
Andesitic tvt

" 203275

3 WAANLNUNITININGIVBIUSHIBU Daesan riverbank filtration site

=D

U

CaN

A15197t 1. Riverbank filtration system in Daesan Waterworks.

Water
supply 2001. December
. Start date

1 Intake .

stage facilities 7 vertical wells
Water Aeration by falling tower - Rapid sand filtration -Granular
treatments activated carbon filtration - Disinfection (chlorine)
Water
supply 2006. September
Start date

ond Intake 36 vertical wells and

stage facilities 1 radical collector well
Water Aeration by falling tower - Rapid sand filtration - chlorine)

Granular activated carbon filtration - Disinfection
treatments chlorine)

Water
supply 2013. March (Preliminary supplying.
Start date Not fully operational yet)
3rd Intake 5 radical collector wells
stage facilities
Water Aeration by falling tower - Rapid sand filtration -

Granular activated carbon filtration — Disinfection
treatments chlorine)
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2) Geological Park and Naesosa Temple

A o = & I a YY) Y] a Y a9 Y = & =)
ﬁﬂWUWWﬂUﬂﬂEWW\TQQUiL'Jﬂ.ﬂﬂHﬂﬂﬂqumgqumﬂLﬂﬂﬂlﬁﬂaﬂﬂﬁgL‘V]ﬂLﬂ']‘ViasLﬁ FUUULNARIANEN

v

NssEINTdFyresUsyina ﬁgmﬁﬂm‘ﬁ' 1 i@ Chaeseokgang cliffs vunefs wikifiudifing.a
Sowseu wdhaldlanztsiissiumziaanas RannmsazaufvesnznauaSestuaduiviu
Al vilviny sedimentary structure Tudnwaiesneg W N13ARLAY SR8UAN KAEN1TARNTOU TR
Wwamﬁ'uﬁﬂﬁﬁuﬁgﬂsﬁﬂﬁq %qmﬁﬂmﬁ 2 A9 Jeokbyeokgang Cliffs Lﬁmﬂﬂmiﬂsmaqunlvdﬁﬁw
wunutusndsilanudmnazauuungneuiisiliuiei siliAndnvasvestounsiniliszegluile
i pdedianinive Jsgnisendn Peperites TuuSnddsannsany Columnar joints Fadufiugian

Inddnwausranae@vnwaen nadunianaunivaSuieils

s TN 5 = s S nE R - S

o
Y

JU# 4 Chaeseokgang cliffs n1sazauiivanznauwaziseaduaduiuiugiuly

JUN 5 Anwauznsavausives Peperite (A uag B) , Huguunlwifidnuagidu Columnar joint (C)
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Uszlgainlasuainnislunaudne

nsluuvasvioniiondessdineraded lﬁ%’umm%’é’mm5ﬁﬁmé’ﬂwmvﬁmﬁmwaaﬁuﬁ
ﬂivmumimqaimwEﬂ‘vmﬂmﬂmsﬂiwwawummu Fam1sdr5avssalineuas UNeiiine
Aedeafuasfisvesnsuninenstiiuinia fafesinslnssissfivreunuassiiniiu iile
fvsdiuiiidneammstniuiiuima Anvdemnisivavesiinia swdsnisieseissdied
fifnadenmamiiuinia Winhiinsuminensiiaansléfuniseusy msfnsgau 38013
dmssdiineuazgnnssdiiner wieuiinmsiienet Yssdudoyaildainmsdisameaun e

dunlglunuaulsefiuinasiuinasgreilusy@nsnin
3. The Saemangeum reclaimed area (World’s longest 33.9 km sea dike)

Wwilafy (Saemangeum) &gﬂa%immauiéfﬂuawsmﬂLm‘mﬁiéf Huvsnaiugdin 2 areun
ussaufiuneuseangnela lawn uaith Mangyeong wazusith Dongjin Nuivsnadiduiidwedasinis
foafaufuimsiafisniiaalulan szogmng 33.9 Alawwns Budunisieadiailed am1991
AspuUARUILTIUsEANM 401 ms1sAlawns FaduiiufifiAnainnisounsia (Reclaimed Land) 283
maAlawmng uaziiufisrutviudie (Tidal Flat) 118 as1eAlamns Wnefithmnensneasisliudy
ia3anelud A.7.2020 iesesiunsvenefvesgramngsy uameilsndeyinyg manunsnssu
gfauIwId saludsmsiaundanunauny
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uwumsReaiasiaiy uonaniiensimuUszmandy adlidmnefiaziamunlndy
Audnansnaasugiavespinaeidens fusonidsanie lnomsiauiliduiiossueus (Low
Carbon ) a14msg1UMIINEAINTTUTIgeTu Fronisadrevhiuluuinalndusidmdn 2 ae wae
wRssinafiennnuasnssuifmealuladgs dnassiiuiidmiuniseaindssnugramnssmuelng

o w

Mlulinssodawinden Nuiineadeiederde 0eAns wavdinauuisnaneg saulfadsauumie

a 1%

wif et nzalfiduduniudsduaisnee

UM 7 anmwindenuiinlasinsneawnuinnzaneigalulan sseenns 33.9 Alawns
4. National Groundwater Information Management and Service Center

« mydnsauaznslitoyauvaniumaiiionsliusloviogneisyavsnm wu
udoyansdaunanisaivenilifiu weluladlvi wardoyaniside

« aifvayunsiateuloviethuima Taenissusu $ans wesmsieseideyathuima

« Spvhanmsgiudoyaseduiilifu wararusmilouuuiduall deyaundsiuinia

[
v

viatl Toyanurluldlunisdaviszuugiudeyaiiuinia 1190 3 wnasddny lown deyaue

Wwna (165 a1uue) vedunanisel 5,427 aanll wazdeayanliainnisds

oY
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Observation Data

JUN 9 dnwauzvadunanisalnasnenoud 2009 (F1e) uagndst 2009 (1)
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Well Type Rock Alluviam
Well Elevation(m) 87.59m 87.617m
Installation Date 1995.12.27 1995.12.27
Well Depth(m) 65m 25m
Well aperture size Upper 350mm
Well aperture size Bottom 250mm 350mm
Strainer Installation | 18.0~26.0m 6.0~12.0m 250mm
Section

36.0~42.0m
Measuring Instrument Installation location | 24m 19.8m
Measurement(auto) pH, EC, | pH, EC,

Temperature Temperature

sUN 10 Megadayaannyedunanizel

5. Lﬁau%uﬁaﬂﬂﬁﬁ'ﬁmi Soil Environment Laboratory fu Gwangju Institute of
Science and Technology 3a.8uan1tuiiidedewnuinenmansuazimalulad Tnglddaus
NSWER membrane Mmiﬂ%’wqqammwﬁﬂﬁﬂmﬁaumim Fafiflauuy micro membrane wag
nano membrane %aﬁﬂw%w%mwhmammqa wonani meaaTudildeonuuuiAienses
Tae/l4 micro membrane wazlildndsulih Wewandglifulssmadosimunfifiusseins
FoTAnsuauannanmsaainfivuidou

;J‘U‘ﬁ 11 Heua Soil Environment Laboratory &4 Gwangju Institute of Science and Technology
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Geochemical characteristics
and origin of

CO,-RICH GROUNDWATER

in Southern Thailand

Manussawee Hengsuwan, Helmut Durrast, Kuson Chotirat, Bent T. Hansen

Department of Groundwater Resources, Thailand
Geoscience Center Gottigen, University of Gottingen, Germany

Deparment of Physics, Prince of Songkla University, Thailand




| CO,-rich Groundwater

Where is CO,-rich Groundwater found ?

around 30 sites in 12 countries

CO,-rich Groundwater is not common



! OUR OBJECTIVES

TO UNDERSTAND

the chemical behavior of CO,-rich
groundwater in Thailand

TO IDENTIFY

the possible source(s) of CO, in
CO,-rich groundwater

@ decomposition of organic matters

© dissolution of carbonate minerals

© external CO, source



STUDY AREA

N

h

0 2 4 8 12 16

Kilometers
Map coordinate system : WGS 1984

gulf of Thailand

FUNDAMENTAL LEGENDS
=——— Changwat boundary

< Stream

{)) Reservoir or pond
Q Hat Yai Basin
@®  Soda water

Malaysia

M Located at
royal research farm,
Southern Thailand

M Central part of
Hat Yai Basin (HYB)

M Graben, which is
bounded at the east and
west by mountain ranges



! Hat Yai Basin

west

N

Hat Yai city ——— east

Khlong U-Tao Phao
l Khlong Toei

|

—
—

Khu Tao Aquifer

50 Hat Yai Aquifer

100

150 Permian

metasediments ? \ \ Kho Hong Aquifer

[ J [ J [ ]
- Aquitard




! STUDY AREA




! CHEMICAL ANALYSIS

A
0o 2 4 8 12 16

Kilometers
Map coordinate system : WGS 1984

B Sedimentary basin ranging
A N % e in age from Carboniferous

' e to Quaternary
Y\ d.‘  BS Qe
\Bam;’;;rfsﬁng.;‘...a ,
.“ 1 iz P 22 E: )
\ ‘:‘ ‘l-.latYai i ; Z Sy 4

el 74 B Metamorphic rocks

Q:::?;:;,,, A ;;;;;,@/\ﬁ ) o i eny il copocts mainly at the eastern

" T 2 . 5 ~  Qt Quatemary Terrace deposis and western side of
“”N‘uw::,;:l}: ‘(‘j’;‘.mfmﬁ N7 T "l:'::‘:.:ol\:etasedlmentary th e basin
a . Triassic granite
Upper Carboniferous
Metasedimentary o .
s B Granitic rocks intrude
y ef imel . .
s into carboniferous and
Pr  permian consolidates . . .
Triassic sedimentary
FUNDAMENTAL LEGENDS
——— Changwat boundary rOCkS
— I;:::;m
9 Reservoir or pond
MalaySia Q Hat Yai Basin
@®  Soda water
©  Na-Cl Type
[

Na-Mg-HCO3 Type




! CHEMICAL ANALYSIS

D9
groundwater
D1
groundwater
N h raua DZ
Na K Mg, Ca Ba Sr CO,-rich
D4 304’ Cl, F, HCO, groundwater
CO,-rich HCO, =~ 1800 mg/L

groundwater



| ISOTOPES ANALYSIS

D9
groundwater
D1
groundwater
T / : b2
Sr=0.726 CO,-rich
e groundwater
CO,-rich

groundwater
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! Rare Earth Element (REE)

Csample/Cucc

1.00E-03
7 High positive Eu anomalies in CO, - rich water
1.00E-04
- Prefered dissolution of Eu-rich minerals
- Contolled by SO, and Cl complexing
———
1.00E-05

\ N
1.00E-06 %_/

1.00E-07
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

—D1 —D2 —D4 D9 —SW



| §13C

CO, - rich water

D1, D9 | | D2, D4

________
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°% 8- / €¥-

813C (%oVPDB)

20



n decomposition of organic matters

613C < -20 %0 =—> 613C = -4.3/-4.8 %o

n dissolution of carbonate minerals

87Sr/85Sr=0.726

d external CO, source
O Metamorphic CO,

O Deep seated mantle (magmatic) CO,
613C between -10 %o and -3 %o
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The Study Area

o part of Chi River basin
b &+ Saline GW
* Drought area

« 2010, DGR
has conduct
hydrogeological
surveys in the middle
Chi river basin area
and found several
groundwater potential
area.




The S

N T —— .

* Covers 360 km?.

* Average annual precipitation is 1,232 mm, Evaporation 1,664 mm.
* Consists of gently sloping and undulating hilly terrain.

* Elev. range from 150-240 m amsl.
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Hydrogeological Cross Section
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EXPLANATION OF HYDROGELOGICAL MAP AND CROSS-SECTION
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Groundwater wells

Seepage

Screen interval

Well identification

Hydrogeological cross-section

v
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Unconsolidated unconfined aquifer

Brine water

Static water level (MSL)

Aquifer

« Unconfined Aquifer 10-30 m
18t Confined Aquifer 30-50 m

« 2"d Confined Aquifer 40-150 m

Distance (meters)

Recharge area

* hilly area in the north

« average depth of the
water table is 10-20
abgs.
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GW Flow Models

Row 50

e Steady-state condition

* MODFLOW /Groundwater
Vista (GUI)

* Model domain

26.5 km (N-S) x 26 km (E-W)
* 106 R X104 C X9 layer
* Grid size 250x250 m



Boundary Conditions

Recharge boundary River boundary

Net recharge was applied to the top of the active portion of the top model layer by zone.
3 zones of recharge besed on soil type and land use/land cover characteristic.
The annual mean recharge for each recharge zone was calibrated using PEST

River boundary are used to characterize groundwater interaction between aquifers and the
Phong River and Huai Sai Bat in layer 1



Hydraulic conductivity distribution

« Kvalues range from
0.03-65 m/d.

» sand-silt aquifer (Qa) located in
the uppermost layer with
K=1to 15 m/d.

 The sand and gravel aquifer
deposited by ancient rivers of
Qt can be divided into two
units.

* The hydraulic conductivity of
confined aquifer varies from
0.002 to 20 m/d (DGR, 2013).

* The Middle Phu Thok
formation- six sub-units
according to lithology and
hydraulic properties.

Color  Property Aquifer Kx=Ky (m/d) Kz(m/d)
] 1 Sand silt clay (Sc) 8 0.8
] 2 Sand gravel (Qt) 3 0.3

3 Gravel clay (Qt) 0.026 0.0026
[ ] 4 Sandstone (Kk) 0.4 0.06
m 5 Sandstone (Pt) 2.29 0.029
= 6 Sandstone shale (Pt) 1.01 0.101
[ER| 7 Sandstone (Pt) 5.92 0.592
i 8 Sandstone (Pt) 61.78 61.78
] 9 Sandstone (Pt) 4.96 4.96
[ ] 10 Sandstone (Pt) 10.37 1.037



Model Calibration

Model calibration was carried out by adjusting
parameter values to obtain the best fit to the
observed data.

PEST (Doherty, 2004) nonlinear regression method
Steady-state

29 head observations (May 2011 to April 2015)
Objective function

S= ia)u [hi _hi')]2

Hydraulic conductivity, recharge rate
10 parameters




Model Calibration

Calculated vs. Observed Head : Steady stgte

v
oo s * root mean square
i Layer #3
o Al X Lavicnt error (RMS) of
E , i * Layer #5 3.74m
4 " @ Layer#s * absolute residual
o ¢ M Layer#7 mean (ARM) of
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=T 7> . 3.29 m,
% ,,'+ ] Layer #9 .
: 5 A =+ 9% confidenceinterval © 2N NOrmalized
35- Ay ‘k "=== 95% interval root mean square
- S error (NRMS) of
el
/ 8.17 %
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Observed Head (m)
Num. of Data Points : 29
Max. Residual: -5.987 (m) at TTSS02/1 Standard Error of the Estimate : 0.666 (m)
Min. Residual: 0.17 (m) at SPB40/1 Root Mean Squared : 3.738 (m)
Residual Mean : -1.242 (m) Normalized RMS : 8.172 (% )

Abs. Residual Mean : 3.294 (m) Correlation Coefficient : 0.931



Hydraulic Head Distribution

Study area

SOOOO Z9000O OOOQQ Head Equipotentials [m]
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Formulation of Mgt. Optimization Problem

Maximize  Z=> Q

subject to: drawdown and well capacity constraints:

Qmin < Qi < QMax 1=1,..., 135
*

d. <D. j=1,...,137
Lk = 7]
where Q, = the pumping rate from well i
d = the drawdown at control location j
D* = the maximum drawdown level at control location j
Qnn =  the minimum pumping rate at the pumping location i

Qrax = the maximum pumping rate at the pumping location i



Approach to Optimization

* Modular Groundwater Optimizer
(MGO) software

* 134 pumping well,
* 137 hydraulic head constrains

* maximum drawdown is 5 m
from current hydraulic head

* 10 district management area
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Sustainable Yield Results

Z
@)

District Sub-district No. of well |Pumping Rate (m3d,

1 Huai Chot 2 97
Kranuan
2 Nong kung Yai 2 -355
3 Si la 1 774
4 Nong Tum 19 -7,064
5 Khok Si 30 -15,605
6 Huai Toel 5 -645
7 Ban Kham 27 -4 446
Samsung
8 Khu Kham 14 5,323
9 Kranuan 13 -3,116
10 Ban Non 21 -4 960

134 42,385



Total sustainable yields in each sub-district
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Conclusions and Recommendations

A model of sand-gravel and Phuthok aquifer were calibrated

for steady-state condition.

= The model was performed at an acceptable level, with final
calibrated parameters contained in realistic ranges.

* The steady-state groundwater flow model developed here
was then linked to an optimization model to determine
optimal sustainable yields while ensuring that the drawdown
at control locations were less than a specified limit.

= Sustainable management is a multi-objective problem. The

sustainable yield estimation required acceptance by several

agencies such as water resource managers, decision
makers, and stake holders.



Conclusions and Recommendations

* This study focuses on determining the quantity of groundwater.

= The problems facing this area concern not only the quantity
but also the quality of groundwater.

* The detailed groundwater modeling, long-term monitoring of
water levels, and chemical parameters will be conducted to
ensure the sustainable development in this area.

= More complex groundwater models representing the real world
system are also needed for groundwater management plans.



Thank you for your attention
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