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1. Hydrogeology map 2. Borelogs data 3. Stream

(depth + hydraulic conductivity) e
model
o/ o 96
ATIWRUUILUUINAIUTUINTEA
4. Rainfall & land recharge 5. Groundwater pumping 6. Monitor groundwater level
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Distribution of hydraulic conductivity in study area (unit: m/day)
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szuunsaLasvaulaauluwuuIIaIuInig H

Location pumping well in study area Monitor well and runoff station in study area River conductance

Conductance value Conductance value

1D (m?/day/m) (m?/day/m)
1 0.5 17 0.57

2 0.47 18 0.5

3 6.5 19 0.54

4 0.67 20 0.51

5 0.19 21 0.21

6 0.66 22 0.44

7 4.29 25 2.22

8 0.52 28 1.07

9 0.51 29 0.18

10 0.49 30 0.5

1 0.49 31 0.71

12 0.5 32 2.12

13 0.66 33 0.33

14 0.46 34 6.5

15 0.52 35 1

16 1.97 29
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Computed piezometric head (m. MSL)
o
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L.

Calibration 1993-2010 . Verification 2010-2016

* Piezometric head - - Fitting curve 55 * Piezometric head - - Fitting cuwe|
e h T s

w
(4}
T
.
L

B + 4]
(=] 4] [=]
T T
i\
~
L L

w
4]
w
(5]
T

w
=]

= 0.93

Computed piezometric head (m. MSL)
Computed piezometric head (m. MSL)
w
o

e R?= 0.99 Max error (m) = 4.75 257 . R%=0.96 i
";’ Max error (m) = 3.83 25 /’ Min error (m) =0 a0l /' Max error (m) = 5.04 |
. olalt’ Min error (m) = 0.06 “‘, Mean error (m) = 0.17 #’l Min errar (m) = 0
)p!’ Mean error (m) = -0.34 20 %' Mean absolute error (m) = 1.04 5) . Mean error (m) = 0.27 |
*’s Mean absolute error (m) = 1.23 - Std error (m) = 0.86 :’3 Mean absolute error (m) = 1.3
e Std error (m) = 0.79 157 o~ RMSE error (m) = 1.35 1 1ol ;’.o Std error (m) = 1.07 |
yac . RMSE error (m) = 1,46 i Al | | - , RMSE error (m) = 1.68
10 20 30 40 50 60 15 20 25 30 35 40 45 50 55 10 20 30 40 50

Observed piezometric head (m. MSL) Observed piezometric head (m. MSL) Observed piezometric head (m. MSL) 30
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Water budget regional wet season year 1993

Boundardy out 1
-64.72

Boundardy out 2
-111.59

Pumpage 1
-144.77

Pumpage 2
-16.1

River recharge
9.7

Land recharge
123.01

65.46
Leakage aquifer 2
to aquifer 1
22.7 Land recharge
59.25

Boundardy in 2
73.68

Unit : MCM/season

Boundardy in 1

Water budget regional dry season year 1993 ,

Boundary out 1
-86.4

: Boundardy out 2

-113.21

Pumpage 1
-287.21

Pumpage 2
-15.83

’nny
River recharge
79.33

Land recharge

79.69

Boundardy in 1

71.89
Leakage aquifer 2
to aquifer 1
424 Land recharge
24.41

Boundardy in 2
84.3

Unit : MCM/season
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Water budget regional wet season year 2003 Water budget regional dry season year 2003,

oy

Pumpage 1 River recharge Pumpage 1 River recharge

-126.1 27.04 -389.38 129.49

Land recharge
151.8

Land recharge
51.49

Boundardy out 1 Boundardy in 1 Boundary out 1 Boundardy in 1

-75.26 62.75 -133.37 67.72
Pumpage 2 Pumpage 2
Pag Leakage aquifer 2 Peg Leakage aquifer 2
-16.62 to aquifer 1 -15.75 to aquifer 1
2143 Land recharge 46.11 Land recharge
774 13.23

Boundardy out 2
-118.01

Boundardy in 2
76.51

Boundardy out 2
-114.53

Boundardy in 2
87.4

Unit : MCM/season Unit : MCM/season
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Water budget regional wet season year 2016 Water budget regional dry season year 2016,

oy

River recharge River recharge

Pumpage 1
-350.28 214.04

Pumpage 1
506.47 333.78

Land recharge
186.69

Land recharge
67.46

Boundardy out 1 Boundardy in 1 Boundary out 1 Boundardy in 1

-127.29 66.51 -145.15 88.66
Pumpage 2 Pumpage 2
Pag Leakage aquifer 2 Peg Leakage aquifer 2
-16.62 to aquifer 1 -15.75 to aquifer 1
4777 Land recharge 715 Land recharge
97.56 18.39

Boundardy out 2
-136.39

Boundardy in 2
119.63

Boundardy out 2
-152.03

Boundardy in 2
140.68

Unit : MCM/season Unit : MCM/season
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TOTAL REGIONAL

4000

500
3500

1000

3000 - o = w—

11500

***** Maximum potential groundwater —— Historical groundwater use
1500~ | —&— Average potential groundwater [__|Rainfall
—+—Minimum potential groundwater

—12500

I
Rainfall (mm/year)

1000} {3000

Groundwater pumping (MCM/year)

500 3500

| | | |
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2018

Time

TOTAL REGIONAL ,
T T
a0k
300 ‘ - 50
(S
o
0
2
5 o - 1000
2 g
0y 2600 - g
£ £
e Maximum potential 0 g
g O ininininiiniinils Il “Meah potential ~ “Minimam pofenitial groundwafer Scefiarios] ~ ~
a T
5 £
§ o0 (M Historical groundwater use DRainfalI‘ 2000 &
T
<
3 1000 -
9 2500
V]

500 -

- 3000
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GW potential by average weather 20 years

Potential GW annual

Potential GW PUMP Min rainfall

(MCM/ YEAR) scenarios

Average
rainfall

scenarios

Max
rainfall

scenarios

SUKHOTHAI
PHITSANULOK
KAM PHAENG PHET

PHICHIT 294
NAKHON SAWAN 305
UTTARADIT 40

TOTAL 1472

325
348
160

396
475
199
376
469
46
1961

432
533
226
416
519
75
2200
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Drawdown hotspot in regional

Historical max
GWL below
the ground
(m)

.25.0
20.0
15.0
10.0

.50

Pump(m?3/day)
I-EVDOD

_-11250
--17500

- -23750

.00

P itsanu"lf‘ok:i

~

I -3000.0

* Current observed well
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Historical max
GWL below
the ground
(m)

Su.u

25.0

20.0

15.0

10.0

50

00

“yaas:1anfadusznounsoansy
douguiuAtuntsduvoadnasgdudntaus:audiu”

F—— 2 Cal Center
@ U e s sz QU € s

nsdiiuth 2 wuu
* szuuBuLEUUa2eRBUNER
* szuuBNTENUES?
Area: Target recover groundwater level:
* Hotspot 1: 160 km* ¢ Hotspot 1: 46 m. MSL
* Hotspot 2: 230 km* ¢ Hotspot 2: 35 m. MSL

* Hotspot 3: 30 km? * Hotspot 3: 15 m. MSL
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Groundwater level (m. MSL)
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Groundwater level at hos,

Groundwater level (m. MSL)

1995

4
3
1 - GWL with AR Well (4500m’/day x 7 wells) Il Groundwater pumping

—+—GWL without AR
|* - GWL with AR Well (4500m’/day x 2 wells) Ml Groundwater pumping

2000

2005

2005

2010

2015

Time

2020 2025 200

‘GWL with natural recharge base

2008

203

2 »
& &

Groundwater level (m. MSL)

Groundwater pumping (liCMImonth)
i3

Groundwater level at hospot 2

20" —=—GWL without AR

-~ - GWL with AR Well (1m3rd:y x 500 wells) - 4 - GWL with natural recharge base
T T T T T

***** GWL with AR Well (4500m°/day x12wells) Bl Groundwater pumping

I T I 1

1985 2000 2005

Hotspot 3: |
Area: 30 km

2010

2020 2025 2030 2035 2040

Hbt;pot 2: Phitsanulok
Area: 230 km?
: ARI12 recharge sites

i

Groundwater pumping (MCM/month)
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Input Layer

st

D &~
.
s \

=2

6 input weights for each input
6 output bias for 6 outputs

Posline
(positive linear transfer
function)

t+1 — v6 Dt t 6 .Dtt1 t+1 4
Pi _Zlml i +21(Dl Di Zlo‘)l

Oustpast
s

Pump X 6 provinces t, t+1 ﬁa f’i'lL’]ﬁ']ﬁ"i}iﬂﬁuel"\]

D A szAuUUIUIfIa (3.59N)
R A9 YSuauplunn(uu/9u)
= 1 < (v d' a nnnn‘ i3
WD fia ArAnuaiiuinvesisuniinauasdsng (d1u au.w)

P Ad ﬁqﬂ'%mmn'liguﬁwﬂma(é"m au.Y)
w A9 ANN weight
b AvA1 bias

gazUssnnvamsuaasnandulanengunisulas
wuutduasIuIn(positive linear)

26 wDt WDt 26 WDt+1WDf+1+bi
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Historical max
GWL below the
ground (m)

250
l 20.0

15.0
I 10.0

-50
-00

* Observed well to input to ANN

_  PHITSANULOK Province |
B0 | Training data (GMS simulalation) o Verity data (GMS simelaliion] - Test data (GMS simulaation] = = ANN simutation

E{}U AP rrsin =)ty RMSE ren sl B pFipst=088 BMESE bt wrl 252
g R verity=0igy  RMSE werify =1.6252
~ 40 2
o ]
E i
[ -] . 5
E:m "o ‘._T"I
2 L ATLEE S L
o I LI |
: toy g iRnRAN
=90 't a4 :;:Lru,l““h
: pir e LT
E l].|'r.||".fl"':.fi'1 'a‘-'.:.
[ [}

A y IIL‘:.E;,;:- &
0] ﬂ 13 ‘h' = i [

b

A LA e W LV
1995 2000 2005 2010 2015

WiguLigusEndnedayadzeiuAInegInsalnieds ANN vasdayanis
FUNIUINNATILABUIIBIMIANU I VoY aNNNITNTZANEABUYIIAN

a1 R?% #sw24 train uay verify 9846 99%3n dAAINNT 0.9



A1 weight Waz bias Y89 AALUIHIS 9 Nla

Weights of input 1 (D) Weights of input 3 (R")
Input GWL | Input GWL | Input GWL Input GWL Input GWL | Input GWL Input Rainfall | Input Rainfall | Input Rainfall | Input Rainfall |Input Rainfall | Input Rainfall
Utaradit Sukhothai | Phitsanulok [Kamphengphet Pichit Nakhonsawan Utaradit Sukhothai | Phitsanulok |Kamphengphet| Pichit Nakhonsawan
Weights of output Weights of output
Pump Utaradit 0.1336 0.1357 -2.2991 -1.3065 0.3373 1.0761 Pl,?mp Utarad?t 0.0093 -0.0019 -0.0056 -0.0005 0.0014 0.0007
Weights of output -
Pump Sukhothai -10.237 20.154 -7.2162 -7.1506 10.3408 -3.8562 Weights ofoutpu_t 0.0271 -0.0037 0.0319 -0.0084 0.0047 0.0212
Weights of output Pump Sukhothai
= -2.7964 -3.7912 5.4622 -0.8758 5.8915 0.2027 i
Pump Phitsanulok Weights of output | 4 93 -0.0026 0 0.0027 -0.0008 0.0009
Weights of output 0.1375 12.4329 10.5625 2.6089 7.9225 7.2638 Pump Phitsanulok
Pump Kamphengphet| : : : : : Weights of output 0.0074 0.0191 -0.0202 -0.0171 0.0105 0.0156
We;%';i“;izﬁittp”t -2.3611 5.3621 13.5812 -6.0981 -0.8256 6.6214 P‘w‘;’i Kh't;;ngfh::tgf::et
Weights of output o Piohit 0.0436 -0.0158 -0.0299 0.0133 -0.0006 0.0027
-6.3974 32.9147 -5.499 -9.2103 11.2298 2.6476 ump Pichit
Pump Nakhonsawan Weights of output
Pump Nakhonsawan 0.0357 -0.0065 -0.0224 -0.0114 -0.0018 0.0187
Weights of input 2 (D)
- - 5 - - )
INput GWL | Input GWL | Input GWL | Input GWL | Input GWL | Input GWL Weights of input 4 (WD') Weights ofinput 5 (WD*") Bias value
Utaradit Sukhothai | Phitsanulok [Kamphengphet] Pichit Nakhonsawan Input dam storage| Input dam Input dam storage| Input dam Weiahts of outeut
= bhumibol storage Sirikit i iriki g P 72.16
Weights of output - bhumibol storage Sirikit| |  py;mp, Utaradit :
; -0.389 -0.0832 0.1729 -0.0013 -0.1226 -0.0997 Weights of output NeahloTout0t
Pfjmp Utaradit Pump Utaradit -0.0002 0.0002 Pugmp Utaradliat 0.0001 0.0001 Weights of output |~
Welghts of outbut |1 o757 -5.9888 0.5906 49273 -0.4835 04823 || Weights of output 00008 00007 Weights of output Pump Sukhothai
Wu!-nhgt uf ot alt Pump Sukhothai y . S Guliatins -0.0008 0.0003 Weights of output |,
eights of outpu “ u u Weights of output —umt Pump Phitsanulok )
Pump Phitsanulok | 1-1334 0.5801 3.5057 1.911 0.4512 0.3914 e -0.0004 0.0007 Weights ofoutput 0.0003 00004 |["Terie eromnt
Weights of output Weights of output —ume LiEan Pump 361.26
-0.8986 1.4081 0.015 -1.6112 0.4035 -1.6188 g pu Weights of output
Pump Kamphengphet Pump Kamphengphet 0.0006 0.0008 Pump Kamphengphet ~AIS 002 s Snpplvet
Weights of output Weights of output Weights of output Weights of output | 0 -6
Pump Piohit 1.2213 -4.7342 1.3421 3.3718 -1.5425 -0.2551 e -0.0007 0.001 L 0.0002 0.0002 Pump Pichit -
Weights of output Weights of output Weights of output Weights of output |
Pump Nakhonsawan =DEREy -5.816 -0.2508 3.3925 -0.3968 -1.6613 Pump Nakhonsawan el IO Pump Nakhonsawan =D Dz Pump Nakhonsawan| 3171
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Real-Time Recorded Groundwater Monitoring System =i

IdvinnnseanuuuszuusuTIndayauuu Real Time Recorded Groundwater Monitoring System b
= s o [ &’ w&::;:z‘;gmm
Annanwazal —
v v 3 a J 1 @ v 3 Py . 'ztmh\]s:xf)mmv _‘:,v',:"
1) WuwwasInsTauinlaunaNansTes 20 Wns dednaInszaulNngayanIuau (controller unit) s w
* @unsainssavinldnuiinanudn 20 * Sensitivity temperature drift £0.03%F.S/ °C frivtgeicg
uLgas L
LIRS ®* Material 316L core & Rubber breathable B
* unasdglnii 24vdc cable oot e -
° ﬁ'ﬁyiy’lmta’lﬁv!ﬂ 4-20mA ® Long-term stability <0.2%F.S/year A |
® Accuracy 0.1%F.S, 0.25%F.S ® Protection grade IP67 - ——
2) ¥aAuAd (controller unit) Sudayadnivugasussulanauazuaning detayaruszuy ¥J
wsednglianedwmiuiiudeya
o/ a a b 7% o v 1 Y s 4
* duszananaiivug 32 Un wisulugadmiudedayaaindalulasaeulnsaiass
danua3avelnsAnd
a aa v < v & v o 9 va mm‘f"mf’:“;ﬁ"‘jﬂ“'
* ivuanINaLUULRaTR wiauyanudaya (Data Logger) iudayaszauituimaldnu s 2m

AsUUNSANUIEANI TV 32GB
3) gaduauuazunasnglnihdmsuirendinulituyasuges

* YuINYaAUANYTUIALITRENTT N319 35 x g9 52 x AN 25 LBUALUAT
* fszuuleangasdmiudnendsnuluidmivgaiaszaulnlaau 49



Field Survey
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MONITORED GROUNDWATER LEVEL
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ARTIFICIAL RECHARGE IN THE STUDY AREA
DEPARTMENT OF GROUNDWATER RESOURCES
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ARTIFICIAL RECHARGE IN THE STUDY AREA

Field Visit
6-7 Aug 2020
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ARTIFICIAL RECHARGE IN THE STUDY AREA

ROYAL IRRIGATION DEPARTMENT
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MODELED INTERACTION RESULTS BETWEEN SURFACE AND
GROUNDWATER

2000

1500

1000

Pump&Recharge (MCM)
L
8

=]

-500

Rain, Pump&Recharge vs Year

--------
nnnnnnnnnnnnnnnnnnnnnnnnn
@ e @0 @0 a 2228 8888888888888 ESS

. Pump (MCM) s Rainfall (mm)

Total Recharge (MCM) Total Recharge - Pump (MCM)

MODEL Results

0

S}

0 ¢ 1. Rainfall: 900 - 1500 mm/yr.

z g 2. Land Recharge: Ave = 192 MCM/yr
zz ﬂ 3. River Recharge: Ave = 295 MCM/yr
s 4. Total Recharge = 487 MCM/yr

:: 5. Total Pump = 259 - 902 MCM/yr
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MODELED RESULT: OVERDRAFT = - 50 TO -200 MCM, AVE. = -81 MCM.
DGR: AUG - NOV = 4 MONTHS: 500 Ua X 1 gnuiAfunssady X 122 3u
= 61,000 @NUANLUAT
RID: AREA gl + Weajlan = 382,000 15 = 611 &1uA151914AT
® EARLY RICE FARM: APR-JUNE = 1.5 §iadtunsnadu X 91 U X 611
A1UATTINUAT = 83 AIUGNUIANLUAT
® FLOODING RECHARGE: AUG - NOV = 3 fiafilunssaiu X 122 2 X
611 AMUANTINNAT AAWVINNY 223 AIUGNUIANLUAT
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Benefits:

. Reduce Flood
Peak at D/S

. Increase
Recharge

. Store the water

budget for next
crop farming

. Fishery

. Stabilize the

water resources
in the area

CONJUNCTIVE USES MANAGEMENT

Pump:
250 -900 MCM

Total Rech.
487 MCM

Extra Arti. Rech.

81 MCM

RID project:
Flooding Recharge

DGR project: Dry
Well Recharge
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CONJUNCTIVE USES MANAGEMENT

Tasenasuneseinluna nsuvauseniu

TasansiantnTfau

TdAnniswnzUanuangn
Y v

wazdiunvian 1 Whou
Recharge = 56 MCM

waﬂaﬂuanz]ﬂma 153
Y v

fiuviou 2 U
wagiy N9 25%
Recharge = 111 MCM

SEAURAU
o o & a4 -z | nsundweinsutviena | .
) wmzdgnuangg AuRaINETNURA S2UUSNIUNISANUN ¥ . Usunansau
Scenario \ UInNaNLANLUN ”
(13.8.-n.A.) (d.0.-1.9.) fa 1 lasenisa i (AU av.)
v o v Dry Well 500 u®a
(@Au av.u) (@u av.y) (@u av.y)
(d.a.-n.8.)
(B au.a)

fnsiAndfutasaandiiung 83 223 306 0.061 306.061
lifinn1smizugnuengguaziiunviou 4 weu 0 224 224 1.061 225.061
Lifan1smzugnuengquaziiunviau 2 heu 0 112 112 0.5305 112.5305
lifinn1smizugnuengguaziiunviau 1 weu 0 56 56 0.01525 56.01525
fnrsdudnfudsaaidiiunisuanuiiti

83 111.5 194.5 0.061 194.561
174 50%
Ann1simzlgnuaziinsidudfugaeian 2

83 55.75 138.75 0.0305 138.7805
a X A8
NaU LANUNUYIIY 50%
ﬁﬂmiquﬂgnuazﬁmilﬁuﬂ'n?imifamm 2

83 27.875 110.875 0.0305 110.9055

o WANUNUNYAN 25%
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CONJUNCTIVE USES MANAGEMENT

CROP PATTERN CALENDAR
_ Ao , * )
Wil | mmbn Wwe,  wa | e | an | aa e oAan | o we | sa | ua | nw | dla

wdinou|  yid -

12’0.0@ r " * . ‘-'-T--lr-—*_

v eddiz | Tduwausenu b i L S w—
fdgu | YO |- Tdurvausemu
80,000 14 ﬂ‘ii“ 21 | ! ! 1 O e -
1enduiDundn
theavsenivialy

351599 auTRlva wazane 2562
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MNeununsdaivalsenulaedanivuuangania (APR TO JUNE) — GET KNOWING
THE EXPECTED RECHARGE FOR THE NEXT YEAR (CALCULATION AND MEASUREMENT

BY SPACE AND TIME)

FLOODING TO TARGETED FARM LANDS — GET KNOWING THE ADDITIONAL
RECHARGE FROM FLOOD (CALCULATION AND MEASUREMENT BY SPACE AND TIME)

THE TOTAL AMOUNT OF RECHARGE = 1+2

PLANNING THE CONJUNCTIVE USE FOR THE NEXT YEAR HOW MANY WATER WE CAN
PUMP FOR DRY SEASON BY USING NO.3? (CALCULATION AND MEASUREMENT BY
SPACE AND TIME) IT WILL CONSEQUENCE TO REDUCE THE IRRIGATED WATER IN DRY
SEASON.
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DGR CONJUNCTIVE USE FOR SUSTAINABALE AGRICULTURE IN UPPER CHAO PHRAYA
RIVER BASIN (3 YEARS)

1. INSTALL THE COMPREHENSIVE AND REAL-TIME MONITORING STATION OF
GROUNDWATER, RECHARGE, RAIN, EVAPORATION AND FLOW

2. DEVELOP THE DYNAMIC GROUNDWATER MODEL

3. LARGE SCALE GROUNDWATER DEVELOPMENT FOR THE AGRICULTURE

4. DGR DATA MANAGEMENT CENTER FOR THE PROJECT
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FUTURE GROUNDWATER PROJECT IN THE STUDY AREA

Conceptual Water Budget

'"";:”l Rese rvoir Tributary Inflow
Export Storage
Agricultural
Use

Indust

Stream
Inflow ‘:‘:b
Surface YWaler
Diversion
Stream
Outflow
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e Ao P J ;
- b am Aquifer Flux
SLELLLY., . -, 3 A
©

G mund “ un ": ipal u se .;f“//ﬂ“-’f/j:;i; 'y g :
Water “Negetstion & &=l

Pumping . Ui

Other Uses...
L7
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N
3

Ground
Water
Inflow

m Ground
Water
Ml
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A v a VY 901 gj < 1 = 1 o

. Waliausauszdiunsladiuinia a vausuuduagnels daa1uuaiuen
1INVU 9A25U monitoring well LHNTY N5ZA1NNINUN (lABLANIZUD
ANALATRYInLATEITaY AN UINNAIALULIR)

. ASUNISANWILAZIATISUNANTSNUVDIUDLANLN MNVIYANIAFUIN VDS

nsuUIUIn1a (500 Ud)

=
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