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# # 4370451221 : MAJOR WATER RESOURCE ENGINEERING

KEY WORD : GROUNDWATER / MODEL / DATABASE / CHANSUTR
MANISA VEERAVIGROM : GROUNDWATER SIMULATION AND DATABASE
DEVELOPMENT IN CHANSUTR IRRIGATION PROJECT AREA. THESIS ADVISOR :
ASSOC. PROF. SUCHARIT KOONTHANAKULVONG,169 pp. ISBN 974-17-5768-9.

The Chansutr Irrigation Project is one of 42 irrigation projects of the Choa Phraya Yai
Irrigation Project, covered Chainat Singburi Angthong Suphanburi and Ayutthaya.
Groundwater usage in this area showed trend of increase especially in the drought period.
For this reason,it is necessary to study groundwater simulation and database development
for linking data and groundwater program by using Microsoft SQL Server 2000 program
for database system and developing GWMMI_CU program by using Microsoft Foxpro V6.0

program.

For this study, database system development divided to 2 functions, for
groundwater resources data managing to assessed groundwater use rate and
GMS/MODFLOW program data preparing. This database developed made data system
for groundwater to be standardized and reduced complexity in data preparation for

groundwater simulation due to the groundwater pumpage estimation capability.

The groundwater simulation-in the Chansutr-Irrigation: Project calibrated in steady
state in year 1999, calibrated in unsteady state in year 2000-2002 and verified in year
1989-2002. When compared computed and actual water level, the-water budget in the area
could be analyzed. Besides, the simulation results can produce the relationship of
groundwater table and groundwater pumpage in each irrigation block.These will be the

fundamental data for water conjunctive use management in the area.

Department Water Resource Engineering Student’s signature........ccccoecieeeeiiiieee e,
Field of Study Water Resource Engineering Advisor's signature.........ccccevveeeeiiiiiiee e,

Academic year 2003
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GridMaplID,SurveyArealD
2.Ampur
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ID,ProjectiD,Name

51 4-2 WAURILAAIANNANNUSURITAYS



¥ 0 wa , ¥ o o
Wnlamu UUILNANALALUDYATUA (look-up tables)

32.Name 13.Well 1.Province
ID,No,Name ID ID,DolaNo
NameType NO Name
OwnerlD
33.WellType WellTypelD 2.Ampur
ID.No Na)rlt?e WellStatusID ID,DolaNo
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ID.No.Name

51

DateMonitor
WLMonMthID
WiStatic

ID.No.Name 19.PumpTestLine 20.PumpTestResult
ID,PumpTestHeadID ID,PumpTestHeadID
DataType, TimeSince PTAnalysisID
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- FlowRate ResultBy
21.GWLevel 45.WLMonMth
- ID.No.Name
ID,WelllD /
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7.GridMap
ID.No.l & J Coordinates
32.Name 46.SWStaion 1.Province
ID,No,Name ID,NO ID,DolaNo
NameType OwnerlD Name
StationType
23.SWLevel ProvincelD > 2.Ampur
ID,SWStationID AmpurlD D ID,DolaNo
MonitorType TumbollD ProvincelD
DateMonitor Name
WaterLevel l
24 RXHead ?J;m:,\%
25.RXLine ID,SWStatlonID AmpuriD
ID,RxHeadID MonitorType Name
Distance,Depth DateMonitor
v ¥
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ID,SW StationID ID,SW StationID
FromYear FormNo
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37.WSMth / ‘
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17.LabLine
40.ChemTrace ID,LabHeadID
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51.Project
ID.No.Name
8.GridLandUse l 12.GridAquifer
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Year 7.GridMap DepthFrom,To
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ID,GridID Hsize,VSize 31.Aquifer
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10.GridSand 11.GridLitho
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50.SandType
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44 LithoType
ID,No,Name
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1.Province 2.Ampur 3.Tumbol 4.Muban
ID,DolaNo ID,DolaNo ID,DolaNo ID,DolaNo
Name ProvincelD,Name AmpurlD,Name TumbollD,Name
27.WaterUsage
ID,ForPeriod
7.GridMap ProvincelD,AmpurlD,TumbollD,MubanID
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Various usage types

ANnuAasnsldiin
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49.Censusltem
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Q = Qconsume +
Qagr + Qind + Qprv
+ Qpwa + Quil

/
no—/ Q=Qb A

Qconsume = Totalwells x Agjustwell x Wellratio x 1/100 x Constant x 1/1000 x Factoryear x Factormonth
Qagr = Totalwells x Agjustwell x Wellratio x 1/100 x Constant x 1/1000 x Factoryear x Factormonth
Qind = ( Capacity x Factorind ) / 100 Qprv = (Capacity x Factorprv) / 100

Qpwa = Capacity/ 30 Qvil = Capacity / 30

519 4-6 sraazidgnnIsvinuldsunsuldlssiiuansinisguinluann

Qconsume =

Qpwa + Quil consumefut

yes
—» Dogb » Qb Qb is null
no

Qconsume = Totalwells x Agjustwell x Wellratio x 1/100 x Constant x 1/1000 x Factoryear x Factormonth

Qconsume +
Qagr + Qind

Qagr = Totalwells x Agjustwell x Wellratio x 1/100 x Constant x 1/1000 x Factoryear x Factormonth
Qind = ( Capacity x Factorind ) / 100 Qprv = (Capacity x Factorprv) / 100

Qpwa = Capacity/ 30 Qvil = Capacity / 30

Qindfut = ( Qind / TotalQind) x ( Qindfut x factor) /( 100 x 365 )

Qagrfut = ( Qagr / TotalQagr) x ( Qagrfut x factor x 1000000 ) /( 100 x 365 )

Qconsumefut = ( Qconsume / TotalQconsume) x ( Qconsumefut x factor x 1000000) /( 100 x 365 )
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5.4 NMSANUARINISIRLABS WA TSN b LUNITWAILILLLANADS
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A1AUN TR AaBLE
1 Province PeTRdInNin
2 Ampur 28R 1LND
3 Tumbol PETRANLIA
T
4 Muban TR
5 Census nan1adgaannsdanuszansves naa. Wusned
6 CensusLine nan19819934 N TuLsEanaANAN Census
7 GridMap MU UL ZeeTATINAS
8 GridLandUse | ngmzibuanislinAumu Grid
9 GridTopSail SUAUBYAAITNANNTA IUNNFTNTBINTNAUAN Grid
10 GridSand TOYAUDIAGIMNINAMNANANUAZAN Grid
1" GridLitho PenByAveITUANT WAL N TALANANFN] AN Grid
12 GridAquifer 21EvREAL0ITUHA AL AINANGNS] MmN Grid
13 Well 218AZLAHATDILIAUILNANATBIMUIEN WA
v v
14 Screen PEUATEEANITARRWAN 04 l1uIEALAMNANGINT] 109URULNANS
v v 4

15 LithoLog PeazietntesiuRNEUinluIzAuAYINENFNe) 2e3teLIANg
16 LabHead HANNIRATIZTANNNEILNAIAANNLBUAZ UNEY AUAINENNT

PIEATBLANIIIATIZIANINNUNGIE parameter AINNENTTIY
17 LabLine Labhead
18 PumptestHead - | 318NN3NINATGLNAAAUIIELUBUINIAIG

AR UATBITEAUTNUUZNANITGUNAAUANIIENTT LU
19 PumptestLine Pumptesthead
20 PumptestResult NANNTALATNZUAT T K, S mnmi@,uwmmummwmﬂu Pumptesthead
21 GWLevel nan1dRsALANLetLIANa lUANFNe)
22 Elog HANNIMAGALNNETINANdI89LiatNuNANG
23 SWLevel naNedRsEALINTEan T lunaTF
24 RXHead senmInsadautindnesusitnuanilueaisineg
25 RxLine Meazidean1sdaminfngesuiinusenislu RxHead
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AAUN TR AaBLE
26 MetData dayanieiugalianingnsaaniiluaaisiieg
27 WaterUsage dayanisldinTudszinnsine uemuuiasinnaesin
28 WaterDemand | fayanausesnislduiindsuiinléiaindeyatlsznausingeg
29 WaterSurvey | dayananisdissanginssunisldiindauiia
30 Formation TRURITUAUNNgNNEITINEN
v v v
31 Aquifer 28AZIRUATBITUTIANNTURUN G NNEIAINN
32 Name s1em9ia 1] 11y TaIE1 109N 1LINANE 1 TR9AnNTHIRTE AL 18
33 Welltype Uszinnaestetinuinia 1y Ueadina/asing denses
34 WellStatus ANUERILBYIUIATA L1 Uatie navde feldeua was
35 PumpType szinnaedpzesquilldnutauiuinig wiu guinin guilalen v«
36 BWD ANBUEBIUILIAA KN WIAR HAndae wiuia Andualin ey
37 WSMth AEMINUARENUNENINRATIET
38 TemplateHead | 38n159tA31=1iARATNEN TUWLILAST] 1 WL wuvte
39 TemplateLine 918NIIANTARNIAINI L TemplateHead Uszinmsingy
40 ChemTrace 28TRENTLA
41 PTType 3anenldlunnavinnsgunagey
14
42 PTFlow 3snsdanisiuanauaesinlunisguneasy
43 PTAnalysis AEnsmIzinaannisgunagatinaliflaa TK,S
44 LithoType sedetszinnuestuRntuii
45 WIMonMth 918 TEIENNINIINAATLALUN 1 Recorder
46 SWStation 2188 BEAT9IARHAIRTaTeY AR BRIUNELAY
47 WQStdHead 21EN1TNATTINLRIATUN NGRS
48 WQStdLine PHATBLATRINIATTINTBIADININUNANINENT |1 WQStdHead
49 Censusltem sannsnfinisdisadniudszaing
50 SandType egalszinnaemayluunamnaig
51 Project Meaziden1edlnzanis Insanizaneazidannisuimngates
52 SurveyArea PEATBEALEINUTNTINN9d AN Anssunis g
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AAUN TR AaBLE
. = dl X 4o a %
53 GridSurvey PEAZIREANNINUNUNTBIRUNAN AN AnFsuNIs LN
54 WsurveyLine 21813413 NgAnsINNIT I
55 Syrveyltem ndansdisangAnssunisldiniiaisa
56 agrhead 1szinnaesdnsnsldlien s ems
57 agrline fnsnslduniNensinems
58 ampur 28TRE1LNA
Vo

59 block UsnNnesnungnsa
60 consumehead | sstmaesdnnisliuainanisglinaiising
61 consumeline doyanislduanenisglinauilng
62 factoragrh szianaasunnmesnislduienisinems
63 factoragrl unpmasn1s I WansnEms
64 factorconsumeh | tsginnaadunamasnisldinanisgiinariing
65 factorconsumel | Wnalmesnislduaienisgiinaiizinn
66 factorfutindh UszinnresunAmainis ey naivnssuluawiee
67 factorfutindl unamasnsldiNanisgaamnssuluauAm
68 factorindh dszinnassunamainisldiiiegaainnsss
69 factorind| wpwmasnisldiinivenisgnanunssn
70 factormonth wlamasaemauzaansldinivanasinsnsuaznsglinatsins
71 factormonthh " "Uszinauamefainauaesnas ldunnensnemsuaznisglinasing
72 factarvilkh Uszinnaeaunawmasuesdszovging
73 factorvilkl wialmefasdszi i
74 factoryearh dszinaudaeasmetueinisldinmenisinensuaznisgilinausing
75 grid PEABANIIULINATA

= X 4
76 hboundary PUAZIBEATBILDLLUATBINUN
77 inactivecell Aumibsaeansaniuiuy inactive
78 indfuthead dszinndeyanisliunivegaarvnssnluauan
79 indfutline fayanisliunivegaarunssnluauan
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fsudi Fonag A1RTLNY
80 indwater %Q@amﬂ%ﬁmﬁﬂqmmumm
81 levelriver ﬁ@:ﬂmzﬁuﬁﬂmlﬂﬁﬁ
82 muban Medavring
83 nrd uan13&nIanId N Iutlszeng aes nad. used
84 precharge faya “ma?ﬁmﬁmﬁﬁ‘l,w,l,ﬁi@:mjmﬁu
85 province fayamedesinin
86 prvwater %’fasﬂ@mﬂ%ﬁwmﬂizﬂﬁzﬁ”uﬂmu
87 pwahead ﬂi:m‘w%’@g@ﬂﬁil‘ﬁﬁﬁm@qﬂizﬂﬁmuqﬁmm
88 pwaline %’@uﬂmwslﬁﬁﬁwmﬂizmzﬁ'quqﬁmm
89 ab 8n9NN3 IaTe LT NIRLIIA
90 rain dagan
91 sand AayaNIe
92 solil dayany
93 surveyarea mﬂ@uﬁm%‘ﬂmmiquﬁﬁ ﬁmﬁm@gﬂuﬁﬁ AiNLRdNTA
94 tumbol foyasieiasiiua
95 vilwater ﬁ@:ﬂamﬂ%ﬁmﬁﬂﬂqmmumm




sEazidanneTetayaluszuugIudays (Data Dictionary)

1. Province (5183299%9R)

# | Teanus AMANLTR ANBELNY

1 Id* Tinylnt Iden TWAINTR

2 | Name VC 50 Fedmin

3 | Ename VC 50 null %faﬁ\mimﬂummﬁanqw

4 DolaNo CHAR 2 IMRIIMIARINNINNITLNATEY
CensusNo CHAR 2 IVAINTARIN N,

6 | UtmEast INT null AipRzTuaan

7 | UtmNorth INT null AriaLwdl

8 UtmZone CHAR 3 null PNLLAUANTWANA LU 47P,47Q,48P LAy 48Q

9 | Utma7East INT null NppzIuaanluaNT 9N 47

10 | Utm47North INT null Wimwilalumnzenne 47

11 | Utm48East INT null Aipnziuaanluniaenia 48

12 | Utm48North INT null Aiendlalunisenine 48

Primary key constraint

Unique key constraint(s)

pkProvince (id)

ugName (name), ugDolaNo (dolano), ugCensusNo (censusno)

Foreign key(s) none
2. Ampur (snadasna)
R AMUANLIF AIBTLE
1 Id* INT Iden SUAIININ
2 | ProvincelD TinyInt aﬁmﬁwimﬁéﬁm@ﬁ%u@;i
3 | Name VC 50 fas1ne
4 | Ename VC 50 null Fasunadunamssny
5 | DolaNo CHAR 2 TADNaRINNINNITNATEY
6 | CensusNo CHAR 2 SUARNNAGNN NG
7 UtmEast INT null Aimpzduaan
8 | UtmNorth INT null Ariawmile
9 UtmZone CHAR 3 null PNRILAUANTWANRA LU 47P,47Q,48P LAy 48Q
10 | Utm47East INT null Aipnziuaanlunnssiia 47
11| Utm47North INT null Ansuvialumnaieiiio 47
12 | Utm48East INT null Aianzduaanlumaenne 48
13 | Utm48North INT_null Anpwilaluanaediia 48

Primary key constraint

Unique key constraint(s)

Foreign key(s)

pkAmpur (id)

ugName (name), ugDolaNo (dolano), ugCensusNo (censusno)

(provinceid) references (province.id)
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3. Tumbol (N8 @asuA)

# | deamas ATUANLTA ANBELNE

1 Id* Int Iden ARILIA

2 | AmpuriD Int ﬁ‘ﬁ@‘ﬁﬂm‘ﬂﬁﬁ’m@ﬁ%u’aﬁ

3 | Name VC 50 desua

4 | Ename VC 50 null Fasnuailunendang

5 DolaNo CHAR 2 sasUanINNINNITNATES

6 | CensusNo CHAR 2 TWARANLAGN NUT.

7 | HasMuban Tinylnt Default | 0 AeAnuatidluanguniuna it
) 1 ﬁﬂﬁﬂmﬁﬁmﬁm

8 | UtmEast INT null NARZIUDAN

9 | UtmNorth INT null Wiiawile

10 | UtmZone CHAR 3 null NUEAYANTWNTIA LT 47P,47Q,48P LAz 48Q

11 | Utm4T7East INT null Aianzduaanlumaneiie 47

12 | Utm47North INT null Anpwilalumnseiiia 47

13 | Utm48East INT null Ninpziuaanlun1seiin 48

14 | Utm48North INT null Amuilalumiseiie 48

Primary key constraint

Unique key constraint(s)

Foreign key(s)

4.  Muban (iﬁﬂ%augﬁ'ﬂu)

pkTumbol (id)

ugName (name), ugDolaNo (dolano), ugCensusNo (censusno)

(ampurid) references (ampur.id)

# | Fegans AUANLIR ARTLE

1| o Int Iden SAANTINU

2 | TumbollD Int wmﬁmaﬁmﬁﬁmﬁﬁu@g

3 | No TinyInt wwafiualfinng i ) 1 vy 10
4 | Name VC 50 Favjrinu

5 Ename VC 50 null %’ﬂmﬁiﬁ"]uﬂuﬂ’mqﬁ\mq‘ﬂ

6 | AltName Text null Fedunsuresniin

7 | DolaNo CHAR 2 AUy TURINNINNITUNATES
8 | CensusNo CHAR 2 AN TNURIN NTT.

9 | UtmEast INT null AR IUBEN

10 | UtmNorth INT null Aiwile

11 | UtmZone CHAR 3 null RUIAUANTNAAR iU 47P,47Q,48P Lay 48Q
12 | Utm47East INT null winazduaanlumswiie 47
13 | Utm47North INT null Aiawmilalunnaeiin 47

14 | Utm48East INT null Aipnziuaanlunnseinin 48
15 | Utm48North INT null Apwmilalumnseiiia 48

Primary key constraint

Unique key constraint(s)

Foreign key(s)

pkMuban (id)

ugName (name), ugNo (no), ugDolaNo (dolano), ugCensusNo (censusno)

(tumbolid) references (tumbol.id)

117



5. Census (d1aluilsznns sraugtinu/enua — Time-series)

# | deans AMANLTR ANBELNY
1 I Int Iden RTINS
2 Provinceld Tinylnt INAIINTR
3 | AmpurlD Int null WABND
4 | TumbollD Int null ARILIA
MubanID Int null savisiring
6 | Year Smallint Yiinnsdngia
7 | Male Int null UL ITTINTINAT R
8 | Female Int null AU TTIINTIWANCTS
9 | HouseHold Int null AUIUATIETAL
10 | PrvShwCnt TinyInt null SnuInLiehAvRaLF YA
11 | PrvShWUse TinyInt null SautiavhAudausa e
12 PubShwCnt TinyInt null @“wuquﬂﬂﬁﬁyummim:%MW
13 | PubShWUse TinyInt null Suautian s s R1HLE
14 | PrvDpWCnt TinyInt null UIULIBUNAAFILATINNA
15 | PrvDpWUse TinyInt null SmtiaunmadausafildlE
16 PubDpWCnt TinyInt null f%wmm_i@mmammsmzﬁwm
17 | PubDpWUse TinyInt null SuantleLnnaans s 1414

Primary key constraint
Unique key constraint(s)

Foreign key(s)

pkCensus (id)
ugName (name), ugDolaNo (dolano), ugCensusNo (censusno)
(provinceid) references (province.id), (ampurid) references (ampur.id),

(tumbolid) references (tumbol.id), (mubanid) references (muban.id)

6. CensusLine (TayansdrsradnalutlszansiiaLin — Time-series)

# | Gegans ARUANLR ANRBLE
1 Id* Int Iden INAIELNIT
2 | CensuslD Int san1sdnadnninlszanIvan
3 | Censusltemld Int TWAINLN1381979
4 ltemValue Real NATRINITANTIA

Primary key constraint
Unique key constraint(s)

Foreign key(s)

pkCensusLine (id)
ugCensusLine (censusid,censusitemid)

(cencusid) references (census.id), (censusitemid) references (censusitem.id)
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7.

8.

9.

GridMap (m519uruilulasang)

# | Teans AMANLTH ANBELNY
1 g Int Iden AP
2 | Projectld Int sWalasanns (Iuﬂiaiﬁ%ﬁiﬂmmiﬁluslu@mﬂm)
3 No Varchar 10 UNNELATRITIN
4 | ICoordinate Int ARAT |
JCoordinate Int Wiipen J
6 | UtmZone CHAR 3 null UNNEIATANIWATA LU 47P,47Q,48P UaT 48Q
7 | HSize Int 2UAAINNFNNTBINNTIUNLAE utm
8 | Vsize Int BUIAAINGITBIANI TS utm
9 | ULEast Int AnAnzduaendvivyndeuu
10 | ULNorth Int TG P L I QN
11 | UL47East Int winazdueandmsugNdiauwly zone 47
12| UL47North Int Ainwmtadniuyadauuly zone 47
13 | UL48East Int nrinnzdueandniuyntieuulu zone 48
14 | UL48North Int Anaumilediniuyndrauwlu zone 48

Primary key constraint
Unique key constraint(s)

Foreign key(s)

pkGridMap (id)

uqGridMap (projectid,no)

(projectid) references (project.id)

GridLandUse (i’maztaﬂﬂm‘ﬂ“ﬁ'ﬁaumu Grid — time-series)

R AANLIR ANRDLNE

1 g Int Iden WAIENNT

2 GridMapID Int INARITY

3 | Year Int Hivansdrea

4 | Rice Real sandaunisldfiaulunsmzigndng
Crop Real ShardaunsdnRu ez gnitaue

6 | LiveStock Real SnmdaunsdnRuluns Rede

7 | Industry Real ﬁmmm’qumﬂ%ﬁauhmiqmmumm

8 | Forrest Real otz LU el

9 | Water Real nmdauiifitunaai

10 | Other Real snadaunsldialunasiu ey L‘ﬁlﬂﬂ’li‘ﬂﬁ_jﬂ’]ﬁﬂ WelTe

nasal AT

Primary key constraint
Unique key constraint(s)

Foreign key(s)

pkGridLandUse (id)

uqGridLandUse (gridid,year)

(gridmapid) references (gridmap.id)

GridTopSoil (AMNEINITALUNNSTNIRINUNAUAIN Grid)

# | deanus AMANLTR ANBELNY

1 I Int Iden RTINS

2 GridMaplD Int INAAIT

3 Permeability Real ANATN1TA NI TN

Primary key constraint
Unique key constraint(s)

Foreign key(s)

pkGridTopSoil (id)

ugGridTopSoil (gripmapid)

(gridmapid) references (gridmap.id)
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10. GridSand (TyAUBIUNRINFILAN Grid WS ANAN)

# | Teans AMANLTH ANBELNY

1 I Int Iden RTINS

2 GridMaplD Int INAAIT

3 SandTypelD Int Watssinnaamae
4 | DepthFrom Real sEAUAINANAIN

5 | DepthTo Real SEAUAINNANDY

Primary key constraint

Unique key constraint(s)

Foreign key(s)

pkGridSand (id)
ugqGridSand (gripmapid,depthfrom,depthto)

(gridmapid) references (gridmap.id), (sandtypeid) references (sandtype.id)

11. GridLitho (1882LAUANTITUTTENATURAUTUNYE AN Grid LAZAMNAN)

# | Gegans ARUANLR ANRELIE

1 Id* Int Iden FUATINIT

2 GridMapID Int PG EaN

3 | DepthFrom Real SEAUAINANAIN

4 | DepthTo Real SYALIAINANDY

5 LithoType11D Int saaslsnniLRuTUTiuiaR 1

6 LithoType2ID Int null sAvedssn AT v 2 (option)
7 LithoDesc Text FavssenetuRTLY

Primary key constraint
Unique key constraint(s)

Foreign key(s)

pkGridLitho (id)

uqGridLitho (gripmapid,depthfrom,depthto)

(gridmapid) references (gridmap.id), (lithotype1id) references (lithotype.id),
(lithotype2id) references (lithotype.id)

12. GridAquifer (91882128ANNTUTTANATUENAN Grid WAz ANAN)

# | Fegans ARUANLR AIRTLE

1 Ia* Int Iden INAIENIT

2 GridMapID Int IRAAITN

3 | DepthFrom Real sYAUAINANAIN

4 | DepthTo Real SLALIAINANDY

5 | AquiferlD Int T

Primary key constraint
Unique key constraint(s)

Foreign key(s)

pkGridAquifer (id)
uqGridLitho (gripmapid,depthfrom,depthto)

(gridmapid) references (gridmap.id), (aquiferid) references (aquifer.id)



13, Well (nerfigutiaiiunma)

# | deans AMANLTR ANBELNY
1 I Int Iden Miarierinunana
2 | No VC 15 MEATLIRNLANA
3 | Ownerld Int Mia109LieTnLNng
4 WellTypelD Int siaLlszinmaestiauninang
WellStatusID Int stiaugnsanunwaasta 1w 1¥n1518 ndie
6 | ProvincelD Int @ﬁﬁm’fmﬁﬁ@ﬁﬁmm@ﬁ%\mg
7 | AmpurlD Int WALNA
8 | TumbollD Int FARILA
9 | MubanID Int null Ay
10 | Location VC 50 null firaanatiev 19y %@Iﬁqﬁﬂu,%fmﬁ’mmu “RY
11 | Direction Text null fiemuanangeanie
12 | UtmEast INT null AiRRzIUaan
13 | UtmNorth INT null AnnLwie
14 | UtmZone CHAR 3 null PUEAUAITINNTIA 1T 47P,47Q,48P LAz 48Q
15 | Utm47East INT null Nippziuaanlunseiin 47
16 | Utm47North INT null Apwilalumisediia 47
17 | Utm48East INT null Ainnzduaanlumn99iNng 48
18 | Utm48North INT null Anaunilalumnsiine 48
19 | MSLElevation Real null a‘:ﬁummzgwmﬂﬂmﬂi:ﬁuﬁﬁm@ﬂmnmq
20 | DateStart Datetime null FufBAanz
21 DateComplete Datetime null f‘;“uﬁm:m%
22 | DepthDrill Real null ANNNANLANY
23 | DepthDevelop Real null ANANWAILY
24 | Diameter Real-null ARANNAINSTBSLANL - ([
25 WLStatic Real null i:ﬁu‘f&’] 37 LQ@W?‘L@W:L@?@
26 Drawdown Real null izmﬁmm
27 | Yield Real null 3an0uh AU/,
28 | BWDId Intnull A0 0 19ATIANTLES 1Ty ﬁﬁm,ﬁﬁni’ﬂﬂ
29 | PumpTypelD INT null ?ﬁzﬁﬂ?zmmmLﬂ?@q@uﬁwﬁﬁm&q
30 PumpCapacity Real null mummﬁwmm’?m@;uﬁw
31 DepthPumpSet Real null mmmwmvi@@mﬁ’]
32 | ActualYield Real null AN 30NN AL A
33 | PumpingRate Real null ﬂ?mmﬁﬁﬁ@ﬂfﬁmu AL/
34 | ElvDatum Real null AYNEITeaLnLie
Primary key constraint pkWell (id)

Unique key constraint(s)

Foreign key(s)

ugWellNo (ownerid,no)

(provinceid) references (province.id), (ampurid) references (ampur.id),

(tumbolid) references (tumbol.id), (mubanid) references (muban.id),

(welltypeid) references (welltype.id),(wellstatusid) references (wellstatus.id),

(ownerid) references (name.id), (bwdid) references (bwd.id),

(pumptypeid) references (pumptype.id)
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14. Screen (S1€ALLBUANITHAAIVIANTDY)

# | Teans AMANLTH ANBELNY
1 I Int Iden RTINS
2 | welllD Int AL
3 | DepthFrom Real SLAUANANAIN
4 | DepthTo Real sEAUANNANDY
FittingType Char 1 Vszinnaasdu 19y Perforate,Screen,Casing
6 | Material VC 10 szinnyesiag iy PVC, Steel, S#40
7 | Diameter Real null AuNd TRty

Primary key constraint pkScreen (id)

Unique key constraint(s) ugScreen (wellid,depthfrom,depthto)
Foreign key(s) (wellid) references (well.id)

15. LithoLog (sNeiaLlagAN1TLTTENETUANTURLARILAUILNAA)

# | deamas ATUANLIR ANRBLNE

1 Ia* Int Iden INATENTT

2 | WellD Int Miarierinunnna

3 | DepthFrom Real sEALAINNANAIN

4 | DepthTo Real SEAUANNAND

5 LithoType1I1D Int swigeslssnnTuRLTUTiuieT 1

6 LithoType2ID Int null iaesiAmuR g R 2 (option)
7 | LithoDesc Text Aissene ARy

Primary key constraint

Unique key constraint(s)

Foreign key(s)

pkLithoLog (id)

ugScreen (wellid,depthfrom,depthto)

(wellid) references (well.id), (lithotype1id) references (lithotype.id),

(lithotype2id) references (lithotype.id)

16. LabHead (sﬂmwuuamﬁLﬁ'a‘ﬂzﬁqmmwﬁﬁ 209U L ARULAE AR — Time-series)

R AUANLIR AIREL

1 Id* Int Iden TWAENIg

2 | WellD Int null wiarierinunana

3 | swstationlD Int null iaaIN AT IATLALN
4 FormNo VC 15 null Tl LA

5 DateLab Datetime null LAY

6 DateSample Datetime null SR LAUetng

7 | wSMthID Int null ORI OGIRN

8 | ApprTaken Text null AN L AaEng

9 ApprTested Text null mmwﬁ’mmwmmu

10 | TemplateHeadID Int saLLUNasuNaTLATIZS

Primary key constraint

Foreign key(s)

pkLabhead (id)
(wellid) references (well.id), (swstationid) references (swstation.id),

(wsmthid) references (wsmth.id), (templateheadid) references (templatehead.id)
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17. LabLine (1882182AURINAILATIZUANNINN)

# | Teans AMANLTH ANBELNY

1 Id* Int Iden AT

2 LabHeadID Int IUATEIN19704 labhead
3 | ChemID Int STAAITALATZY

4 ChemValue Real null NATBINTILAINZH

Primary key constraint pkLabline (id)
Unique key constraint(s)

Foreign key(s)

ugLabline (labheadid,chemid)

(labheadid) references (labhead.id), (chemid) references (chemtrace.id)

18. PumpTestHead (91891UN15gUNAFALABILAUILIANA — Time-series)

# | deamas ATANLTR ANBELNE

1 Id* Int Iden TUAINUNIT

2 | WellD Int Miarierinunma

3 | FormNo VC 15 null wnailugunaden

4 | DateStart Datetime null ST GunsmageL

5 DateComplete Datetime null ”uﬁﬁwmawmmmzﬁq

6 PTTypelD Int null SWAIBNIGUNARDL 1Y single pumping rate
7 | PTFlowID Int null waRasnsIvae i 222
8 | WellDepth Real AYINANTBILE

9 | EvDatum Real ANgaTevnie

10 | WiBelowDatum Real xﬁuﬁﬂﬁﬂuzﬁwmmu

11| WellType Tiny int 1=daqul,2=1ednanmad
12 | Dist2Pumping Real null 7zelzYin9aInNLingy

13 | PumpingWellld Int null sTiaLagL

Primary key constraint

Foreign key(s)

pkPumptestHead (id)
(wellid) references (well.id), (pttypeid) references (pttype.id),

(ptflowid) references (ptflow.id), (pumpingwellid) references (well.id)

19. PumpTestLine (s18az1A8AURINITFUNARDL)

# | deanus AUANLIR ANRELNE

1 Id* Int Iden sUATIENNT

2 | Pumptestheadid Int $9a318N1TgLNAGaL

3 DataType Tinyint dszinnaassenig 1=pumping,2=recovery

4 TimeSince Smallint Lqu;mwil,?mgu/uqmg (1n7)
WIBelowDatum Real sfANTSAlE

6 FlowRate Real RINNIGL (AL./TN.)

Primary key constraint
Unique key constraint(s)

Foreign key(s)

pkPumpTestLine (id)
ugPumpTestLine (pumptestheadid,datatype,timesince)

(pumptestheadid) references (pumptesthead.id)
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20. PumpTestResult (AaU2IN1sgUNAFAU)

# | Teans AANL7 ANBELNY

1 Id* Int Iden sUATIENNg

2 | Pumptestheadid Int 1ATIENTGLNAGAL

3 | ResultBy VC 30 giannsAuan

4 DateResult Datetime vu‘ﬁlﬁ’m’liﬁﬁuqm
PTAnalysisID Int SHAABNTAUIT

6 Tvalue Real AT

7 Kvalue Real AN K

8 | Svalue Real A1 S

Primary key constraint pkPumpTestResult (id)

Foreign key(s) (pumptestheadid) references (pumptesthead.id), (ptanalysisid) references

(ptanalysis.id)

21. GWLevel (R@N19IATLALUIARILDUILIANE — Time-series)

# | deanus AUANLT ANBELNE

1 Id* Int Iden $UATIENI3

2 WelllD Int LA

3 DateMonitor Datetime Fufiuazaaniinanisinszsy

3 | wistatic Real sgsunRia 1

4 | WIMonMthID Int null iR s SnsT AL

5 | CanUse Tinyint pawgnaesresinya 1=14162=1411%

Primary key constraint pkGWLevel (id)

Unique key constraint(s) ugGWLevel (wellid,datemonitor)

Foreign key(s) (wellid) references (well.id), (wimonmthid) references (wimonmth)

22. Elog (:18az18aAn158159aN 1985 NANA10ngaan:)

# | deanus AUANLTR ANBELNE

1 Id* Int Iden s9AIENI3

2 | welllD Int sviaLa

3 TracelD Int ATENITNARRL 1Ty sp, r

4 | Depth Real fszdunnuan

5 TraceValue Real gl

Primary key constraint pkELog (id)

Unique key constraint(s) ugELog (wellid,traceid,depth)

Foreign-key(s) (wellid) references (well.id), (traceid) references: (chemtrace.id)
23. SWLevel (N@mii’mzﬁufwmmuﬁ‘ﬁﬁ — Time-series)

# | Teanat ATANLTA ANBELNE

1 Id* Int Iden ATIUNT

2 | SwstationlD Int MaveaanniiiasEALT

3 | MonitorType Tinyint Falunsdnssdunn 1=madalu, 2=menfou

3 | DateMonitor Datetime HuRuazafiinisinsysy

3 | WaterLevel Real seFUTTAR s

5 | CanUse Tinyint pawgnaesresinya 1=1416 2=1411%

Primary key constraint pkSWLevel (id)

Unique key constraint(s) ugSWLevel (swstationid,datemonitor)

Foreign key(s) (swstationid) references (swstation.id)

124



24. RXHead (51847UNNSIANUNARABILNYEN — Time-series)

# | deans AMANLTR ANBELNY

1 I Int Iden RTINS

2 | swstationID Int sviaresaniin

3 | MonitorType Tinyint AalunnsdnseAunn 1=medalug, 2=meifew 3=3el
3 DateMonitor Datetime Fufuazinafivnsinazdu

4 | BottomLevel Real sefuTiaann

5 | BottomWwidth Real ANNNETR TR

6 | SurfaceWidth Real i

7 | Depth Real ANNAN

8 | WaterLevel Real Se AR 1A 0L e TisauTingn
9 | BedMaterial VC 30 @mmmﬁmaﬁm@ﬁmﬁq

10 LBE Real Left Bank Elevation ?? 6.323

11 RBE Real Right Bank Elevation ?? 3.318

12 RIV Real ?7?-2.675

13 Zero Real ??7-0.500

Primary key constraint
Foreign key(s)
25. RXLine (181at28ANIFIANUIAAUDILNY)

pkRXHead (id)

(swstationid) references (swstation.id)

# | Gegans ADUANLIR AIRBLNE

1 I Int Iden IWATILNIT

2 RXHeadID Int AT TAnTin A Ao Uty
3 Distance Real TN

4 | Depth Real AYINAN

Primary key constraint pkRXLine (id)
Unique key constraint(s)

Foreign key(s)

ugRXLine (rxheadid,distancer)

(rxheadid) references (rxhead.id)
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26. MetData (Tayan19AUARANLNINET — Time-series)

# | deans AMANLTH ANBELNY
1 I Int Iden RTINS
2 | StationID Int sagninnegeiasinen
3 FromYear Smallint U7 5usnen
4 ToYear Smallint ﬂﬁéuzﬁmmﬁmm
MonthOF Tinyint Beufivnnsdnn
6 PresMean Real ANAL wdaendlu Hectopascal
7 PresXMax Real
8 PresXMin Real
9 PresDayRange Real
10 TempMean Real @mmﬁ ytlendy aeATaua
11 TempMeanMax Real
12 TempMeanMin Real
13 TempXMax Real
14 TempXMin Real
15 | HumidMean Real I T %
16 HumidMeanMax Real
17 HumidMeanMin Real
18 HumidXMin Real
19 | DewPointMean Real aquﬁm?ﬁlﬂﬁﬁﬁﬁmﬁlﬁu aeATaLTYg
20 | EvapMeanPan Real NN99%el NAALNAT
21 CloudMeanPan Real mmﬁ'mmmiﬁmmum (cloudiness 0-10)
22 SunShineDuration Real ﬁﬂLﬂ?ﬂ‘ﬂﬁlﬂﬂ'ﬁVuﬁLme@ﬂﬂ %Tm
23 | VisibilityMorning Real srelzANNAINNTR NN TNe LY Alams Rewin
24 | VisibilityMean Real ARAHERAs W sHeTRAe
25 | WindMean Real ANGanede Ten
26 | WindMax Real ANNLTIANGIAN
27 WindPrevail Char 2 AANNAN N,S,E,W,NE a4
28 | RainMean Real veluedn Hedwng
29 | RainyDayMean Real SRR RETE HUAN
30 | RainDayMax Real ﬂ?mmﬁmuﬁmnmnﬁ@ﬂ adums
31 | HazeDay Real ARt SRR Avdn
32 | FogDay Real AlRAEA ISR N aNad
33 | HailDay Real ﬁhm?ﬁlﬂﬁﬁmu'{uﬁﬁ@mﬁumn
34 | StormDay Real ﬂ"]qu?}lﬂﬁﬂmuiuﬁﬁwmsluﬁﬂmzum
35 | SquallDay Real BRI TR

Primary key constraint

Foreign key(s)

pkMetData (id)

(swstationid) references (swstation.id)
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FA2BEN9 source code 1R4lUsUNTNARNITFIUTDYA

InFrom = This Form.txt From Year.Value
InTo = This Form.txt To Year.Value
InFactorID = This Form.pf.Page4.ComboHead.ListltemID

IcAdjustWell = ALLTRIM (STR(This Form.pf.Page1.txtAdjustwell.Value,20,4))

IcRatio = ALLTRIM (STR(This Form.pf.Page1.txtWellRatio.Value,20,4))

lcConst = ALLTRIM (STR(This Form.pf.Page1.txtConsumeConstant.Value,20,4))
IcHour = ALLTRIM (STR(This Form.pf.Page1.txtUsageHour.Value,20,4))
IcPump = ALLTRIM (STR(This Form.pf.Page1.txtPumpingRate.Value,20,4))

=Sqglexec(gnHandle,"DROP TABLE #tnrd1")
IcCommand  ="SELECT n.mubanid,n.totalwells,g.ino,g.jno,1 AS kno,g.surveyareaid "+;
"INTO #tnrd1 "+;
"FROM gw2.dbo.nrd n "+;
"LEFT JOIN gw2.dbo.muban m ON m.id=n.mubanid "+;
"LEFT JOIN gw2.dbo.grid g ON m.utme >= g.uleast and m.utme < g.Ireast and "+;
"m.utmn <= g.ulnorth and m.utmn > g.lrnorth "+;
"LEFT JOIN gw2.dbo.surveyarea s ON s.id = g.surveyareaid "+;
"WHERE m.utme is not null AND g.ino IS NOT NULL AND g.jno IS NOT NULL "
yy = SqglExec(gnHandle,lcCommand)
IFyy <=0
=aError(la)
=MessageBox( "Mmmam'hmuﬁﬁﬁﬂé"#CHRﬂ 3)+:
lcCommand+CHR(13)+;
la[2],0+16,gcAppName)
RETURN .F.
ENDIF
=Sqglexec(gnHandle,"DROP TABLE #tnrd2")
lIcCommand = "SELECT n.*,i.inactivecell "+;
"INTO #tnrd2 "+;
"FROM #tnrd1 n "+;
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"LEFT JOIN gw2.dbo.InactiveCell i ON i.ino = n.ino AND i.jno=n.jno AND i.kno=n.kno "+;
"WHERE i.inactivecell = 1"
yy = SglExec(gnHandle,lcCommand)
IFyy <=0
=aError(la)
=MessageBox( "VLaJmmmﬁﬁmmﬁﬁ@;ﬂé"%CHRm 3)+;lcCommand+CHR(13)+;
la[2],0+16,gcAppName)
RETURN .F.
ENDIF
IcCommand = "CREATE TABLE #tnrd3 (ino int null,jno int null,kno INT NULL,gConsume
MONEY NULL,gAgr MONEY NULL)"
=SqglExec(gnHandle,lcCommand)
IcCommand = "INSERT #tNrd3 (ino,jno,kno,qConsume,gAgr) "+;
"SELECT n.ino,n.jno,n.kno, "+;
"ROUND((((n.totalwells*"+IcAdjustWell+")*(ISNULL(s.wellratio,"+IcRatio+"))/100)*"+IcCon
st+"*1/1000),0) as QConsume,"+;
"ROUND((ROUND(((ROUND(n.totalwells*"+lcAdjustWell+",0)) -
((ROUND(n.totalwells*"+IcAdjustWell+",0))*(ISNULL (s.wellratio,"+IcRatio+"))/100)),0))*
ISNULL(s.usagehour,"+lcHour+")*(ISNULL (s.pumpingrate,"+lcPump+"))*60/(1000*30),0)
AS QAgr "+;
"FROM #tNrd2 n "+;
"LEFT JOIN gw2.dbo.surveyarea s-ON s.id = n.surveyareaid "
yy = SqglExec(gnHandle,JcCommand)
IFyy <=0
=aError( la.)
=MessageBox( "VLS\ims\l’]?mlOWmmﬁ%ﬁéﬂﬁ'%CHRm3)+;IcCommand+CHR(13)+;
la[2],0+16,gcAppName)
RETURN .F.
ENDIF
=Sqglexec(gnHandle,"DROP TABLE #tnrd4")
lcCommand = "CREATE TABLE #tnrd4 ("+;"ino int null,jno int null,kno int null,"+;
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"year int null,month tinyint null,"+;"gConsume MONEY NULL,"+;"gAgr MONEY NULL)"
=SqglExec(gnHandle,lcCommand)
IcCommand = "INSERT #tNrd4 (ino,jno,kno,year,month,qConsume,gAgr) "+;
"SELECT t.ino,t.jno,t.kno,f1.year,f2.month,"+;
"f1.fconsume*f2.fconsume*t.gconsume AS gConsume, "+;
"f1.fagr*f2.fagr*t.gagr AS gAgr "+;
"FROM #tnrd3 t,gw2.dbo.factoryear f1,gw2.dbo.factormonth 2 "+;
"WHERE f1.year >="+ALLTRIM(STR(InFrom))+" AND f1.year<="+ALLTRIM(STR(InTo))
yy = SqglExec(gnHandle,lcCommand)
IFyy <=0
=akrror(la)
=MessageBox (lalansnsarinmuA&ald - CHR(13)+:IcCommand-+CHR(13)+:
la[2],0+16,gcAppName)
RETURN .F.
ENDIF

IcFile = this.txtFileName.Value

IF EMPTY(IcFile)
=MessageBox( "[A@*0aAxija; eA»AOA-O§aEOA;&l"",0+64,gcAppName)
ThisForm.Command1.Click()
RETURN .F.

ENDIF

gnErrFile = FCREATE( IcFile ) && If not create it

IF gnErrFile <0 && Check for-error opening file

=MessageBox( 'Cannot open or create output file',0+16,gcAppName)

RETURN .F.
ENDIF
crif = CHR(13)+CHR(10)
ktab = CHR(9)

=SqglExec( gnHandle,"DROP TABLE gw?2.dbo.kout")
lcCommand = "CREATE TABLE gw2.dbo.kout ( "+;
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"id int identity not null,"+;
"UtmE int null,"+;

"UtmN int null,"+;

"k money null,"+;

"CONSTRAINT pkkout PRIMARY KEY CLUSTERED (id)) "
= SglExec( gnHandle, IcCommand )
lcCommand = "INSERT gw2.dbo.kout (utme,utmn,k) "+;
" SELECT b.utme,b.utmn,b.t FROM gw2.dbo.t1 b"
=SqglExec( gnHandle,lcCommand)
DO WHILE ! EOF()
lcCommand = "SELECT * FROM gw?2.dbo.kout "
=SqlExec( gnHandle,lcCommand,"output")
SELECT output
GO TOP
lcString = "ID" "X" "Y" "k"+crlf
DO WHILE ! EOF()
IcLine = ALLTRIM(STR(output.ID))+" "+;
ALLTRIM(STR(output.utme))+" "+;
ALLTRIM(STR(output.utmn))+" "+;
ALLTRIM(STR(output.k,20,4))
IcString = IcString + IcLine + crlIf

skip

ENDDO
=FWRITE( gnErrFile, IcString )
=FFLUSH( gnErrFile )

ENDDO
=FCLOSE(gnErrFile )  && Close file
this.Release()

RETURN .T.
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IGNEQUS AND METAMORPHIC ROCKS
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737: Anderson M. P., and Woessner W. W. (1992)

gﬂﬁ a -1AdAuLlszAnsnsaurIvaasingualatHeath (1983)

A19199 A-2 N1SUUNLTEANTRITRANDIUIPHNTUIA LaUualALMorrs and

Johnson(1967) 2148491 Todd,1980)

Porosity, Porosity,

Material Percent Material Percent
Gravel, coarse 282 Loess 49
Gravel, medium 322 Peat 92
Gravel, fine 342 Schist 38
Sand, coarse 39 Siltstone 35
Sand, medium 39 Claystone 43
Sand, fine 43 Shale 6
Silt 46 Till,
Clay 42 predominantly silt 34
Sandstone, Till,
fine-grained 33 predominantly sand 31
Sandstone, Tuff 41
medium-grained 37 Basalt 17
Limestone 30 Gabbro, weathered 43
Dolomite 26 Granite, weathered 45
Dune sand 45

aThese values are for repacked samples; all others are undisturbed.

A" : Todd(1980)
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A19199 A-3 ATANNTUARITAANAIUT Laualng Morris and Johnson(1967)

Material Particle Size, mm
Clay <0.004
sit 0.004-0.062
Very fine sand 0.062-0.125
Fine sand 0.125-0.25
Medium sand 0.25-0.5
Coarse sand 0.5-1.0
Very coarse sand 1.0-2.0
Very fine gravel 2.0-4.0
Fine gravel 4.0-8.0
Medium gravel 8.0-16.0
Coarse gravel 16.0-32.0
Very coarse gravel 32.0-64.0

A1519% a-4 A" Specific Storage 22998ATUUT U5suigslne Domenico(1972)

AN : Todd(1980)

Material

Specific storage (S,) (m™?)

Plastic clay

Stiff clay
Medium-hard clay
Loose sand

Dense sand

Dense sandy gravel
Rock, fissured, jointed
Rock, sound

2.0 X 1072-2.6 X 103
2.6 X 1073-1.3 x 107?
1.3 X 1073-9.2 x 10~4
1.0 X 1073—-4.9 x 107
2.0 X 107*~1.3 x 104
1.0 X 10°*-4.9 x 10°%
6.9 X 1075-3.3 x 10°¢

Less than 3.3 X 107

Adapted from Domenico, 1972.

#37: Anderson M. P., and Woessner W. W. (1992)
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