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THE ROLE OF GROUNDWATER TO MITIGATE THE
DROUGHT AND AS AN ADAPTATION TO CLIMATE
CHANGE IN THE PHITSANULOK IRRIGATION
PROJECT, IN THE NAN BASIN, THAILAND.

Sucharit Koontanakulveng, Chokchai Suthidhurmmaiit*,
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Graphical abstract Abstract

The Phitsanulok Imgation Project is located in the Nan Basin of the Upper Central
Plain of Thailand where farmers depended on both surface water and
groundwater. Land use and climate changes are the important factors to
determine the runoff from the watershed. The changes also affected to runoff
volume/pattern to the dam operafion and may cause flood and drought
situations in the downstream area. Sirkit Dam is one of the biggest dams in
Thailand which cover about 25 % of the runcft into the Central Plain where the
Bangkok Capital is located. Though there is the Sirkit Dams storing water to be
used during dry period but water allocation is limited and still caused water
shortage during dry season The study aims tc determine the role of
groundwater to mitigate the drought situation from the past and to study the
groundwater use for adaptation to climate change in The Phitsanulok Imgation
Development Project. In this study, the relationship of recharge rate with climate
data was developed in terms of precipitation, evapeliranspiration, temperature
and soil type under menthly fime series data and the study found that there were
in good relationship. Groundwater will fake an important role to alleviate from
the water shortage situatfions in climate change conditions when compared with
the situations based on the exisfing water use pattern. The limit of ground water
to alleviate water shortage will be 80 and 77 MCM/year in average, in near
future and far future periods to keep water table drawn down in the safe manner
even when the Sirkit's reservoir operation rule is improved

LAAY HARTANITRNARIZNTNUILUIATALAY
LULRIARIUI LA N AU Wl un Tl
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dl = 961 o U
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Keywords: Climate Change, Groundwater, MODFLOW, The Phitsanulok Imigafion,
reservoir operation, Sirkit Dam, water shortage.
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wAawludauills (Koontanakulvong, S,
Suthidhummaijit, C. 2015)

1.0 INTRODUCTION

The climate change induced direct affects to
imigation areq, e.g.. Yom, Nan Basin or Chao Phraya
Basin in the dry year when the storage amount is not
adequate for summer rice and caused water deficit
in many imgation projects. Though in the central
plain, two large reservairs, i.e., Bhumiphol and Sirkit
Dams store water to be used during dry period but
most of agricultural area is in the rainfed area and
water allocation is limited and caused water
shortage during dry season and in the dry year. Most
farmers turned to use groundwater to supplement
imigation water.  This alse coused groundwater

drawdown and make farmers to dig deeper wells
which made mere cost for agriculture [7].

In The Phitsanulck Imigation Project, the average
water demand are 2,898, 2968 and 3,110 MCM in
present: near fulure and far future periods
respectively, and the water shortage under existing
condifion impacted from the climate change
considered only from surface water source s
expected to be as in Table 1[8-9?] based on
cultivated area as in present period. The water
demand increase in near future and far future
periods is due to higher of evapotranspiration. An
mitigation measure for surfface water operation is to

PAWEES-INWEPF2015 | page xxxx | elSSN xxxooexxx |
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= Millennium Development Goals (Sep 2015)

= UN Climate Change Conference 2015: COP21 (Nov-Dec 2015, France)
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Climate Shared Socio-Economic Pathways

Change
Outcome SSP 1

SSP 2

SSP 3
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Faculty of Engineering, Chulalongkorn University

Increasing
mitigation effort

Increasing
climate hazard

A Al

Baseline
warming

www.eng.chula.ac.th



)\

CHULA_ 3NGINEERING

« W
3/24/2016

4 )

} n15ARNISaIN1sNIU luaulanlasldnInane
ATNRUNITAU TUIUIAR

{ 1HTANTANUAINADINTT LTU }

A 4

4{ ANABDINIT YU } f \
NANTENU

- ARdu

(G RRIGEGH

ANT1UN5AIUN }—-» 141)
\ / 5 - U

(osdiu ilnna

Usgine)
i ‘I T k j
I

A

|

=,
2
=
Py
=

A 4

AINMIUEYU } N1381573

IS

Faculty of Engineering, Chulalongkorn University
www.eng.chula.ac.th




CHULA 2NGINEERING

Foundation toward Innovation

AUIU
Taseaseusevnsg
' . Y a
u N138180U
—
H9ANANTIN
AATNTIN
= 1 a
Wadlngjvaegiinia
Waslngy
" YUY
m—
N153ANS
LEAT
a =
YUAVDINY

ATNR18N 1

GENE

1'%
o

111y Wagu1ag (BAU 9)n3nin)

-4
o 1

q
%4 o

9

AUUNUIULNITNAUABLLDIINDAR AUGILIDTINLUULAL LAY

greuvilmilesvgiu Ssnsugnivavantussuunialvdidanes

ibiAnlgymaswindou anavnssy N1TUINITHAENS

YNUNYITLTDUTLIAUNIALNEAS

Useung

<, =]
AL UULUDY

WUU

Nols  NvdIw  winvswangl  Newigivd

e
=

——

ulgune

ANSNRIUIN ST U

%4

quundu

NISWAIUNATEFNAD

ANENNTTU
\NYAT

INEINNTIU

AFINNTIY
ASHAR

—_

—

Auandon

TaseasanugIu

PAEINNTIU  NITVUES

IS 1
bANBDILLI

2\ A\

= N o>
T =

ANSLINAY
Unausny '0
Ll "
o
Unyuru
auY
LAY 0 e
b
—
satn
Tan1Adad
Usnis
ANsviaafien  n1sun
de99n
(N |
R 27
—



CHULA 2NGINEERING

\

= 1 . a = 1 a a &
He e AIWRIET 2 Uiy ailnianlaneu (Wealan ansang) A~

o\

= N >
U guihuinmsiauiegrannnseles ddlesvgfiiauilaniau
Puin daudeununduiiaulvewasinend Nvdnaglussuy sldidia
WnseinaUsznng WAy IuRgn i daymawindey anamvnssunIsnEns
" v N13UINITHAENISVIBaedlasUNIsHAILININ U R N
\_/ ey Uhoyind "
— e
IRAITIN Uss9n3 ulguny fauwIndou Unguau
e NINAIUNEEY
auu
Wadlngjvaegiinia oy y
“ o PR
Waslvgy S gauIuu YrsqaEned q:_:;
- Ay ANLUULUDY ATIETNNUFIU
N salu
— o a
A15AANS NITNAUIATYINI e«
TanAdain
NENS ANHINNTTU uIng
YUAVDINY EUY
QAEMNTIN  QASIWNTIN  @AEMINTIAN  N1svuds  n1sviewiien s
fols  dweou  widvdidafes Aewndud  nwns NKER willoaus degan
e " "
P M 28 A
e il — —



- o
CHULA 3NGINEERING a a0 8 NameldmarZat (alma &2 Ew
Awae®l 3 guiiniiy auuazihagsauiy (U Wang) ;@,
y . an>
U guihhuinmsiauiseilesnelanisAdademununis
ningnsdey DTN MTeUNY NIRAUITULWINAG sldidia
WnseinaUsznng nsnuRsianaisglaeinisieulesiud sy anavnssy
" y LazUINIINaRnAaediy Melan1TatuayLaINNINNIASg o w
\_/ nsineiiu * = Unaying
—
IRAITIN Uss9n3 ulguny fauwIndou Uguwy Y0
o S ~—
e NISWAIUINEIEY -
auy
Wadlngjvaegiinia oy y
o a YR
Waslvgy S gauIuu YrsqaEned q:_:;
GERHRIETLR ATIAINNUFIY
" YUY & -
- sabu
A15AANS miﬁ'@ummmgﬁa e«
TamAdml
NENS ANHINNTTU uIng
YUAVDINY WUY
QAEMNTIN  QASIWNTIN  @AEMINTIAN  N1svuds  n1sviewiien s
dls  dvaau  widlvdiafen Aowndvd  nens NSKAR widloaus degan
" "0 (N



-\

1
a2
w

CHULA 3NGINEERING s/20/2016

A2DEIIUININTAINUANTNRIBNITHAILITIRIAN BALAN

AAEIU HNNBQﬂ’]ﬂ%ﬁ HUUINTALRNYU quummﬂﬁeﬂu

Wevtend:  ® Wesuimsauensulady’ fiwadlan 2020 WaAswgialvudd  szuudayavesseaudua lag
"Phitsanulok : Indochina’s ~ w&nBulAu Vioedu taviasiiu (Inn1sias
Service City* whtsymnieq)

4 o = [ = a A 1 &
gnsmans @ Waunieiluilesusnisn ® LAUIINANVUUY (UNUM
. . y o g 14 1

a1y (Service City) uae MINNYBUNUUIRINTI9ES
fimnulaeniy (Safe City) 2599 luNud)

v v ¢ 3 14
* MSUTEYITUNUTDIAANS
(M3398339UUsEURNN 9D
% 124 v 174 14
WU 11 iynatug, un
v o/ v
nnuaeigzaInAunIs LY
)
* nsUfsunauwualugtain
YUYY

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th




-\

42
12
W

CHULA >NGINEERING 3/2/2016

ARDEIIUININNITAINUANTHRIBNITHAILITIRIAN BRILAN

el UUNDINAST UUNDINALDNYY UUNDINAFIAY

nuAsuar  ® MIdansnanmsiiiayan * 1ATINSUNYAAINNTTH * daaiudnvenNd venain
gAEWINTS  AuANNuUASTTUSEAVS W WINNTTURIMNTUALNENS U 'szé’ugawhﬁfu
1 WAZANNIN MIUAIUABINTT ayulnsdaminfivalan
YDINAIN
U313 * AUINAINUINIIAUNITA * lassnsAudmalvenssuuazla
AuAuavau JarndnnAwmilonauans

® AUINANNITNAIL ICT VB3 * TASINISLUANIANTIUNITHER

S

AAMHENBUA LaENTITEIniniyaylan
* AUIUSMITAUEUNN Healthy  ® lasanisiaungnaivnysulud

Province * Tasanswaundesrvuniniu

* Audnaednnsuseyu AIUAITITULTLAUNA
AMAmtenauas Lag * yialfien 800,000 AL =
SEAUUTENA USNISANUNIT 2,500,000 AL (Le9ln)
viouflen

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th




-\

42
12
W

CHULA >NGINEERING 3/2/2016

A29EIILLININITMAUANINRIBNITHAIUII IR IR LaN

AAEIU Nuuaﬂﬂﬂﬂiﬁ HUUINTALRNYU uuummﬂmﬂu

® Iﬂsamsﬂuamsmummamm * A15v81AvRNRY veely

d %4 %4 =1 a =
ANUIAY vaneFUBUUImIniealan 7l Falun Yames Ausndulndu
* 1ASINTWAUITTUUIUES ausendmasaznateilud
WIRvUIInfivadlan wen

. Iﬂiami@uémiﬁmmﬁuﬁ
Jandaiiwaglan

* lasansensgauauuiy
Awadlanduauuduuiuny

GAH o Juileaifinrmazenn * lasansiyalaniiloams * Jeswun Jedlnlulavanzideu
aey Uasadeludiouay wdumdeuarnsianis fufidu nsndwihesiaaey
NINGFY YL ATUIIT ARulaflr Uy yngn wazean
o Judlosiuruilerutuuds o lasamsivalan Weathmang  s1vmsililldairseenty ds
Jafumamasughanazdany mavlesfionfloguamucsdas  svunadsduiuiyuriny
el WANES

* lasansiyalan UmuATUKG
NN5A319a55A

www.eng.chula.ac.th




)\

v

CHULA 3NGINEERING

2

]
m

A198199AIINTIAULANAANTINa TN luNwylan, %

LNWAS AHINNTTU UIN3 HARAINUTTV VIR (THB fianw)
40 - 41 -0.6% 10.6% -10.2% -2.6% 38,998
52 - 56 4.8% 6.1% 2.0% 4.8% 84,979
45 - 49 3.3% 2.7% 7.8% 3.2% 50,449
30%

ansINstulaNansueiiasdlunealan, %
20%

10%
0%
-10%

2583

-20%

Economic (GDP) ?, Society ?, Water ?

-30%

—o—LNWYAT NISHANDMAVNTIUUALINLDY  —e=UIN1T  ememe HEAASTUIIIATINIUYTEINA




Demand side:

g [ o/ a a o
mtﬂuﬂma‘lumswamLwamswwm

n13lgun (guin)
AN, NGUIWIA

GDP
A, NgUIMIN

WINUSHI5LUA dndude

\‘%\

Supply side:

~

@

thduny = . an>
e §3TUYIN: ANUANULUTVITNT ~
\ <P 2100
19NUUT Wunvausenu ~ |
. Average § year aversge
::: mp=——=r=fF=-r --ﬂ-/‘-n--_-l-— -A.
L0 FARY 7 P Y
1.600 A [y AL AT
N v b Y I TN
% = %’ 1.400 -1-“‘-?"“- II_W_V\ 4 v l vl' V
Umsuu’] 1,300 _\"'- ===
% a 1 1200 T Annual pre:lpltatlcn-~ =~
UILNY (‘VI’J&I) " 1300 1920 1940 1960 1980 2000

ok

11270 (4A4)
AULAENIBNIS

LASEINALALHIAY
NaNSENUnNa GDP

LSINAN LUBUIAR

Super cluster

Ulns fdvia Bian eusud 00

10.0

AMULEENI85I8IININ, ATUUIN

L JUNTHAARMTUAS, _ FIUHIWYS, 79

Mg 15w Y mjf"*{

=i
Anyt LI

weenyal, 13 St
e, 780

UUWE: NISUSUISAANITUN

B CC N 8 N I L I e e
m‘m’mLmuwﬂizmnﬂuamﬂﬂ

Demand & supply side

Priority: provincial / super cluster

Budget Total
ko
29129300 - 100000000
100000001 - 200000000
] 200000001 - 300000000
I 300000001 - 400000000
1B 400000001 - 700000000



CHULA 3NGINEERING 3/24/2016/'./
Future Thailand under risks |
GDP f,uture Thailand
¥ v @ w _<"GDP gr5-8 %
UINAULAZLANUUNIRA p N
o e ! | /// ﬁ@iﬂﬂUﬂﬂiqﬁl‘lﬂ‘Uq‘Uﬂa"N
anlivinezls Yssinealneazlile r
i LA Loss

GDP gr 3% . = IR e
- Time
Super cluster Drought

gmtﬁmmmsﬁmm Mega projects Flood



CHULA_ >NGINEERING

WUININITARIUI I Tugunuu

NANTFUTEYUAULUIVBIF N ULADE IR LURUUN
WU LBLADUANNINUS 2559 LAayIInin

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th



CHULA 3NGINEERING

VINRINUIY
- Luumﬂﬁuﬂiﬂwumﬂm‘wmﬂi LLauﬁﬁﬂJ“U’W’MN 1ng
m Luumsmmamqumﬂaummwma foanmsudnEusnens (auuauumﬁﬂaﬂiuwu‘wLﬂummﬂ
’i@ﬁ’i‘U"UZLI"Uu)
" uIREInNIIUNYAT [fionsdsoen
m f\]muwmsmqmmauﬂwmaﬁuuﬂmmmmmiuummaﬂaum Luuﬂf]swmuwmmwaﬂﬁuaﬁm
LLa‘vmﬁf\mmﬁﬁﬂéﬂ‘[ﬂﬂimwmvauﬂuamwwum
= Tunsddiumsienanagiesi | - |
. msﬂ%‘uLLmuﬂwsI%ﬁﬁquﬁuﬁiﬂé’LﬁumLﬁaqt,ﬂaiﬁﬁm%’uqmamﬂssuLﬂwm waznshnunludiau e
5093UABNTI N UTEAUYLITY
" puminensiy desnanmeulaesiuged wrileyvnludrsiugs @ FowimuniuiiAnsni s
Luaqmﬂamwwu‘mLﬂuﬂmmamﬂ‘wm m'ﬁa'mmqLﬂuuwm@ﬂmqma‘lwm Dululdienn aagidu 119
1%1J%1Jmmn YAKY (‘Mm‘am iovvasmusih udni WaEALNIU) AT UYLYY ’i’JiLI‘VNﬂTﬁ
wmmmﬁmﬂuwuwmwm Y LLaum'ﬁwmimaiwmsflummLwaauuauumimﬂmaqwummaq
ImEJ:uT,ﬂNmiLmaqmsummaﬂiuwuwaqwamuwumuau 14 U mammwmimmﬁﬂstwmiwwm
WIS IIYLIALEN Tnests 14 819 Mdsdiunisud 3 819 wazagluunu 11 813 59UAUUIBIAUAY
dhaunUsyine 422 1y aual,

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th




CHULA 3NGINEERING

NTSLAULAUDINAN A UNUIATIUYDIVIIAF TN T DU

Y I
‘lfﬂlf' la1 2 @in3aI1NAN

naRAsnlszre1a (THB daaw)

40 - 41 -4.2% -2.1% -T.4% -4.3% 22415
52 - 56 2.7% 4.3% 0.2% 2.6% 53,445
45-49 2.9% 4.4% 1.7% 2.8% 32,327

’ 7 or = =1 i & " ?
50% ansansiAulendniusiuasiuludn, % Water :
208
10%
0%
-10% - B P B = -
O (5] [ ] [t (o] Lot Lt
-20%
-30%
£1n- NESOE — AT —e=ATTHARIRAMATTULALIVIIDA UIANT e paRAmsRnaTmlulszme

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th



CHULA_ 3NGINEERING

AWMINYATANE

X ﬁmwme&ff;ﬁuaﬂLﬁaqLﬁmmﬂﬁﬁulﬁ‘]umammaﬂﬂﬁLﬂmUﬁW%ﬂﬂmaﬂL%w‘fﬂﬁﬁ%nmwwaLsﬁﬂmﬂ’ﬂ
odeLfiaty mﬂ%mmmuaﬂiﬂﬂ W3l LTy muiumwLﬂwmmqwumLLm‘EumammLﬁm
nswasuudasludufivnenfetesestunsrondien wie Avaneandy, dyatauy Adl
LLmT,mJmimuimawaamﬂaL‘WﬁvmLaumqLﬁuamamﬂmmﬂwwmiaﬂ mﬁmmmawaamﬁa
LLavm"daﬂaﬁwmmaiwmamuiﬂﬂmmwLaumﬁm vlvluewandiuuilti fufendeunsdon
9199 aﬂmmaﬂm TagaunsawUIanInnsiulnvessanineandy 3 du

" AUUTIUADUUY ANLLIYIELAUAATUUIS AT IR ULAYN ISR RANEAINNISA N5AeY
Msvieadien uazauduiussuRvianely LLausm'mU'ﬁummwu Satuanudesnsldthazannay
281911NAL LU UL TURNIZ AU B LAY

" duuianeuna m]vmmﬁsumammamammamaqmmammmwwm‘iaﬂmmLLmaumvum'ﬁ
mmwmummﬂumuwmmm m{jmumsmmmmasﬂmamﬂ o.Meuauiulune o1 Tsan
muummmaqm'ﬂ,%mmuaﬂ‘[mm‘[m%ﬂmu

" dumeuaeuinudunefidy Aexlinsvenediorsiudeass memmLUuwuﬁmmmwmeLuu
Lmﬂ‘[mumsmmsmmmLuaqaﬂwuwiﬂ Imausnmuauumﬁwmmmﬁmwmmumeammﬂmﬁuu LAY
NNSANUTNBATE199 amaqLLauumﬂﬁnmﬂuwmmwmw‘lmamaqLmlsnmuaammaﬂsmmuu
mmmaqmﬂmmmnmuuLLu'ﬂuuamaq uaﬂmﬂumuLLmﬂ@mswwmmm‘luﬂammau Fagli
oAnsiTasutnneuderinulug o wmmmma”mmmmmumame Imaaa‘tumuﬁﬂm‘[mqmi

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th




CHULA 3NGINEERING

ASAULAVIINANAUINUIATINVDININIAFIUNTAULULALTY 3 Yataan

4 = a2 o

HARNSUS=EY1R (THB danw)

40 - 41 -4.0% -4.8% 0.5% 4.8% 31,574
52— 56 E.1% 4.8% 11.6% 3.8% 75,661
45-49 4.3% 2.2% 10.2% 4.2% 40,842

GDP ?

L - or o
30% noTT \N 5L

UleranAuinasiuluapsfol Water ?
2009
1035

0%

; T . : . - .--; —i i ._-x__ oo
-10% ] . 3 H B & 3 F OB e A R PO
¢ g ; ; o )

-200%6
-3096

= 5 NMIHARGRATMATTULAE ] 3n nandusanaTlulsme 33
fyn NESDR  —VTEAT  —e=nTHARRAMNTTHUAEIVIE UINNT e mERsRnATRI ST

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th




CHULA_ 3NGINEERING

v o an

YIUINNIRT

" wiuAansiwnens (W) unanauan ngiuseine
vouiiudl wasduiismveshauas fnnzaens
Lﬁwﬁwi'mLﬁuﬂsza‘hmﬁLﬁmﬂ@,mfmé’wé’qmﬂﬁgu
Thitunsszuswasiuindlunaiendu Tnenis

P lavangely el luniiuas

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th



CHULA 3NGINEERING

ASAULAVIINANAUINUIATINVDININIAFIUNTAULULALTY 3 Yataan

naRNeRls=v¥@ (THB danw)

40 - 41 2.7% 13.4% -8.5% -1.0% 28,733

52-56 7.3% 7.2% 12.1% B.7% 87,015

45-49 2.9% -1.2% 24.1% 3.68% 41,009

30% , Water ?
20%
1080

0%

o

-109

Ly

o

-20%
-30%

= b ATIHARORATMATIILAE T n namfusnaTlulszine 34
fi0: NESDR  —wLNEAT  =e=nTIHARgRAaTARTIMUAEMID] UWIMT e HERAAINATII I TEN

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th




CHULA_ 3NGINEERING

N15UTMIsAAM s iviiiaUsslavigegn

L‘WE]I‘Viﬂ’]ﬂJ’]ﬁﬂLWﬂJﬂﬂEJﬂ’]WVIGG]’MMS‘E}%m]LLﬁ”ﬁQﬂMI‘LANWA@ 1‘1/1‘1/]1!@1aﬂ’]ﬁLUaﬁJuLLUanﬂﬂWWLﬁi‘lﬁ%ﬂf\]
Y0UTLNALAT UTELNATOUDN mﬁwwmmﬁmvmwmmvamuamwmﬁmﬂaLLavaaﬂﬂuLLmavww
L‘Wéﬂ,mﬂmmmmeLLauauauaumwmaqwmmLaaﬂuamﬂmlm WAy mﬂiumwmsmumu

" yndngnInuay ﬂ’]ﬁiﬁuﬂiuiasuumﬂamwzmﬂﬁummaummmﬁiwmmam sisluldvosnsinums
(WYLHBIYUND) NITVIDAUTEN (WuunLu)

" pesliyuyunindngg YSuuwAslunswaLn (LW@JE{LSU&J’JLLUU@J%&JI@LWM anAT LY INYAILNEAS
yiannane) a519RAN (FUANYNT kaginuasiussl) WuduAus (MMun1snaia N1suan)
wadalv (lun1sdanis)

" deudeulusiunainnguenegaminga lauann1TEn sUIIIEUA N EATINNUBATINIA d319
aummwmuﬂﬁﬂmmmﬂm asnenalnmsnansin (manaluyusy aangnAvieaiie) nainly
S0emdN wazsnaUsEne) ﬁumamﬁmmwaammmaaﬂﬂmﬁuﬂsummm sraUsEmelunann
RN ) | )

" AeenesyuuNenn (Fiu 11 assulan) Nvsnsauiun IRy uAYRT 9RaMNT Ty
NERT LATAAIANDINYY

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th




CHULA_ 3NGINEERING

1BNE15D1994

A930 AuEUNAA wazAne (2554), Tassn1snsAnvduuranitfienisdanstivesguiniudnagns,
é’wuﬂmuﬂawuauuauumﬁa% (#N7), NTUNN.
" 4930 AMSUNANA uazAmy (2556), ImamimiﬁﬂmmmmmmL‘wami'«mmiuwaqammmumnaamﬁ (M3
f\i’waaqmﬁmmﬁammﬁmLwaﬁual,auamﬂaam) dtinauneauatuayuniside (@), NTLNN.

4939 AUISUNAA Uazan (2558), S1eauAuAMAs 2ImqmimiﬂﬂmmwmaqmLwammmmﬁm

q

maﬂammmumﬂaam (ﬂ’ﬁ‘W@,Ju’ﬁcu‘U‘Uﬂ’]ﬁUﬁWﬁﬁ]ﬂﬂ’]'ﬁ‘LA’ﬂuaﬂJ‘U’]LsﬁﬂﬂﬁEJ‘VIﬁﬂ']Eﬂ,@ﬂ’ﬂllLﬂEJ\ﬂ,TﬁlILLaUQGWH

‘?JJE)LﬂUE)LLuuL"UQﬂaEJVIﬁ) mummﬂamuauuauumiws (@n), ﬂ'ﬁx‘iL‘V]‘W

- ﬂiﬂiﬂﬂﬁ‘ﬂﬂﬂiﬂiusﬁmLLawL@ﬂﬁﬂ'ﬁ‘diuﬂ@Uﬂﬁi‘U'ﬁu“UﬂJﬂmwﬂiillﬂﬁialm"luqu ﬂ'NVI 2/2558 ’J‘U‘Vl 9 §UIAL 2558

- ?ﬁ]'ﬁ(ﬂ ﬂﬁdﬁﬂﬂﬁ’]ﬁﬁ LLa 1% (2558) 3’18Q’1Uﬂ’13ﬂi°"‘(ji\lm\li\lu7’3"mﬂ’ﬁﬂ?‘l&’m‘ﬂiﬂiﬂﬂ’ﬁlﬁ’e]x’i "NISWRIUINITUITANS
f\]ﬂﬂ’]ﬁ‘V]i‘WEﬂﬂiUWIUWU%ﬁNUWU’M" ’JU‘WQ%&U@V] llﬂﬂJﬂ'TW‘LJﬁ 2559 Wmhwuwmmwm 159usuULToULN 5888
U13m Jamdnfiuaglan

- ﬂmuﬂiii\lﬂﬂiﬂﬂﬁUWiﬂﬂUﬂﬁJLLa ﬂ’ﬁUiWW'ﬁﬁ]ﬂﬂ’ﬁV]i‘WEﬂﬂ'ﬁuq ( 2558), LLB\I‘L!EJ‘VlﬁﬁW?{@3ﬂ’ﬁU§‘Wﬁ"\]ﬂﬂ’ﬁV]iW8’1ﬂi‘lﬂ
(qumm 2558)

- ﬂill‘Vli‘WEJ'WﬂiLﬂ‘UWﬂWﬁ 2557. ﬂﬂEJﬂTWI‘L!ﬂWiWGlJuWU’WU’MWaLIﬂSULWlILﬁ]ll ﬂilﬁ/liWEJ’]ﬂﬁ‘L!’]U’]ﬂ']ﬁ AN,

- ﬂﬁd”ﬂiillﬂ?iﬁllﬂ?ﬁ’m L@ﬂﬁﬂi‘lﬁLﬁuaﬂﬁiﬂi“ﬁmﬂﬂJ”fﬁ'ﬁﬂJﬂﬂiﬁﬂﬂﬂuWULi\lﬁ)L@@‘USU’Nm\I 2558

" Koontanakutvong, S., Suthidhummaijit, C. 2015. The role of Groundwater to mitigate the Drought and as
an adaptation to Climate Change in the Phitsanulok Irrigation Proejct in the Nan Basin, Thailand, Jurnal

Teknologi (Sciences & Engineering),Vol.76:15, 89-95.

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th




VaUIUALU

CHULA 2NGINEERING

nnnnnnnnnnnnn d Innovation



	Slide Number 1
	หัวข้อนำเสนอ
	Slide Number 3
	Slide Number 4
	ปัญหาเชิงกลยุทธ์ในลุ่มน้ำน่าน(ภาพรวมลุ่มน้ำ)
	Slide Number 6
	Slide Number 7
	น้ำบาดาล
	Slide Number 9
	งบดุลน้ำ ลุ่มน้ำน่าน
	งบดุลน้ำ จังหวัดน่าน
	งบดุลน้ำ จังหวัดอุตรดิถต์
	งบดุลน้ำ จังหวัดพิษณุโลก
	งบดุลน้ำ จังหวัดพิจิตร
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	ปัจจัยภายนอก (เป้าหมายการพัฒนาระดับโลก)
	ปัจจัยภายใน (เป้าหมายการพัฒนาของไทย)
	น้ำเพื่อการพัฒนา VS ภัยพิบัติด้านน้ำ
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Future Thailand under risks
	แนวทางการพัฒนาจังหวัดในลุ่มน้ำน่าน�ผลการประชุมสัมมนาของตัวแทนแต่ละจังหวัดในลุ่มน้ำน่าน เมื่อเดือนกุมภาพันธ์ 2559 แต่ละจังหวัด�  
	จังหวัดน่าน 
	การเติบโตของผลิตภัณฑ์มวลรวมของจังหวัดสามารถแบ่งได้เป็น 3 ช่วงเวลา
	จังหวัดอุตรดิตถ์ 
	การเติบโตของผลิตภัณฑ์มวลรวมของจังหวัดสามารถแบ่งได้เป็น 3 ช่วงเวลา
	จังหวัดพิจิตร 
	การเติบโตของผลิตภัณฑ์มวลรวมของจังหวัดสามารถแบ่งได้เป็น 3 ช่วงเวลา
	การบริหารจัดการที่ให้เกิดประโยชน์สูงสุด
	เอกสารอ้างอิง
	Slide Number 45

