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ABSTRACT

Groundwater simulation has become an essential procedure on the groundwater
resources management and assessment. There are many stand-alone pre- and post-
processing software packages to alleviate the model simulation loading, but the stand-
alone software do not consider centralized management of data and simulation results
neither do they provide network sharing functions. Hence, it is difficult to share and
reuse the data and knowledge (simulation cases) systematically within or across organizations.
Therefore, this study develops a centralized and network based groundwater modeling
support system to assist model development. The system is based on service-oriented
The

data and cases (knowledge) are thus easy to manage centralized. MODFLOW is the

architecture and allows remote user to develop their modeling cases on internet.

modeling engine of the system, which is the most popular groundwater model in the
world. The system provides a data warehouse to store groundwater observations data,
MODFLOW Support Service, MODFLOW Input File & Shapefile Convert Service,
Model Simulation and Parameters Identification By Expert System to assist model
building. Since the system architecture is service-oriented, it is scalable and flexible.

The system can be easily extended to include the scenarios analysis and knowledge
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management to facilitate the reuse of groundwater modeling knowledge.

Keywords: Groundwater, MODFLOW, Service-oriented architecture.
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4.1 BEFEREBRFE(Data Service API)
BRI REIRE TR 3.3.2.3 HiAIN A&
FHERE e E AR - RS2 APL W Rk SCE

Kl 22 RLAETENFEER .2 API
R DUER R A BREFIHER -
BERIE IR BIERLL CHEME SQL FBiEsk S
MSSQL #F7E&K}EERY CRUD » F %553 WCF 8t
% Web Service » HLA REST JER{EHEH] - S
BE IS IREFERSS L IR T RS HEHEE
KA IRESFrEdt WSDL 238 AR » it
WSDL {#f2H#t XML st IR LR APT » (Kl
Rl AR EE N BEREAE APL i A =i B
W A AR IR BEHESE RN APT ST —PFCEAE IS
IR FIRES B o LUNE 13 ZEE 16 215 BaltfE
FHH > API HR B2 BRI 2 TR -

baseData ik #%

(BRI R

REMEMERTS , pER s R, IERERFMRETR . Bitsr2PILATFISRAER sveutil.exe TA:

svecutil.exe http:/ /| ©-t2Scrvice/basebata. sve2wadl

BT ERER R AR - R

ntep: / /[ / 0= taservice/baseData, sve?singletsd]

EEELEARELEE ASREREEE RS . SIOEMBERIREASRERIZN, TEAEE RPN PR EE. P10

Cs

class Test

{
static veoid Main()
{

IbaseDataClient client = new Iba
/) FEEPMBFR.

client.Close()r

teiient!

1
1
Visual Basic

Shared Sub Main{()

seDatacClient ()

HEUR IFM RIS SR ER -

Dim client As IbaseDataclient = New IbaseDataclient ()

Vg H ‘client'
+ ACEBRFAME S .

client.Close ()
End Sub
End Class

SE Bk IT W BRFS EENIE .

13 EBRERRFEBAEL
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* Data Service APl Documentation
 Dareort baseData Methods

> baseData Class

4 baseData Methods 1 The baseDat a type exposes the following members.

getData Method

getloc Method 4 Methods

getWellDepth Method
getWellNo Method

Name

Equals

Finalize

getData

GetHashCode

getloc

GetType

getWellDepth
getWellNo

MemberwiseClone

ToString

Description

Determines whether the specified Object is equal to the current Object.
(inherited from Object.)

Allows an object to try to free resources and perform other deanup operations before it is reciimed by garbage collection.

(inherited from Object.)
MR EAEH

Serves as a hash function for a particular type.
(Inherited from Object)

il 2&EADEEIE

Gets the Type of the current instance.
(inherited from Object.)

BB YA Bk
iR B ERA

Creates a shallow copy of the current Object.
(Inherited from Object,)

Returns a string that represents the current object.
(Inherited from Object.)

14 EREREIRII REST FIRAAZER o

e |

2::::::: APl Documentation baseData Methods

* baseData Class

+ baseData Methods 4 The baseData type exposes the following members.

getDataMethod

getloc Method 4 Methods

getWellDepth Method
getWeliNo Method

il

Name

Equals

Finalize

getData

GetHashCode

getloc

GetType

getWellDepth

getwellNo

Description

Determines whether the specified Objedt isequal to the current Object.
(inherited from Object.)

Allows an object to try to free resources and perform other deanup operations before it is reclaimed by garbage collection.

(inherited from Object.)
WFWARERRR

Serves as a hash function for a particular type.
(Inherited from Object.)

MHLEEADT L

Gets the Type of the current instance.
(inherited from Object.)

ER AR E KA
e B=SE REAH R

MemberwiseClone  Creates a shallow copy of the current Object.

ToString

& 15

(inherited from Object.)

Retums a string that represents the current object.
(inherited from Object)

ERERIRIEZ API FIREE
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» Data Service APl Documentation

» DataService
¥ baseData Class
« baseData Methods
getData Method
getlLoc Method
getWellDepth Method
getwellNo Method

4 Syntax

c# VB

C+s F#

baseData.getData Method

b MR ER B A T R

Namespace: DataService
Assembly: DataService (in DataService.dll) Version: 1.0.0.0 (1.0.0.0)

ASP.NET

public List<wellAttr> getData(
string wellNo

)

Parameters
wellNo

Type: System.String

I8k

Return Value

Type: ListzwellAttr>

il <returns> d

& 16

ion for “M:[ .baseData.getData(System. String) ']

ERERIIRIELZ APl — getData SEHIAS ©

%2 ENEEEH AP SIE
T ik A il S
getData TR IR AR A A string wellNo
getLoc PAA2EERIB LM
string wellNo,
tring datafield,
getWellDepth BRI B AR ) r.mg atafie
string startDate,
string endDate
- " string loc,
getWellNo WA E— B AR S foe
string wellType

4.2 #TFIKIRTEHBN 2 B AR TS

KRB R B IR 2 BEE L Cfl
ZEL) Python FA#EZ RZUEH » FEiEE WCF fEERKL
Web Service * HLL SOAP FyH @ (SHEH] - Wiffse
X 1IS kB FARES [ - HEREEER G fEIRE <
R ZAHIE - AR R SE BRIt R K
THBIEE RS <« APL UG ICEALE IS A5
fRes L o DUTE 17 218 20 2REHE Lt /EaHBe
API FIRELZ BRI 3 HETTEREH -

4.3 BHIRR

AT G £ 5 BB SRR 3 s B R IR R
MR - BRI R Rl - FIIHZAR
Al B R B A W EERE R E
ﬁ o
43.1 FEHZEBHIRT
WF5e A B A B IS e A s AR - Sl
HEH R KT o EE S R EEH R &
BRI AT R I H AL R - BHRREER
RIJATEREE R - 2006 21 Foss

ELUAHEFEREIR YT 92 A B A 28 SR RE F
TN R - JCBGEEM TR W E -
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MODFLOWSupportService 27

FERIRT.
TR, LA AEN, IATIEMIRE . RS SILITIEARA sveutil.exe THA:

svcutil.exe

EHAEFRRH AR RR:

Vi I 3 rt 5 5 10¢

EEETANEEAARERERIENRE. BERERRNINEAFREREN, WEMEENRFNSERRFHIRS. Fin:
c#

class Test

static void Main()
{
MODFLOWSupportServiceClient client = new MODFLOWSupportServiceClient ();

// ER 'client' @BURWMRTSEMMER.
/7 KRB Fiko

client.Close ()7

Visual Basic

Class Test
Shared Sub Main()
Dim client As MODFLOWSupportServiceClient = New MODFLOWSupportServiceClient()

'R tclient' FBURIFMBE EMER.

v kIRRAPAF FiR .
client.Close ()
End Sub
End Class

17 WTRKEAHBEERFHBAEH

VIODFLOW ) Yocumentati

“bocumenaion . MODFLOWSupportService Namespace

« MODFLOWSupportservice

> IMODFLOWSupportService '[Misslng y> o ion for "N:MODFLO tService"]
Interface
> MODFLOWSupportService Class
4 Classes
Class Description
% MODFLOWSupportService MODFLOW Support Service

4 Interfaces

Interface Description

. IMODFLOWSupportService MODFLOW Support Service Interface

18 MITRKENFHENRERIEZ API XIHFBER -
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> MODFLOW Support Service API
Documentation

» MODFLOWSupportService
» MODFLOWSupportService Class

“ MODFLOWSupportService
Methods

ComputebyArea Method
ComputebyDistance Method
ComputeDistance Method
CreateGridshp Method
GetBasFile Method
GetChdFile Method
GetDisFile Method
GetLpfFile Method
GetNamFile Method
GetOcFile Method
GetPcgFile Method
GetWelFile Method
GetZonefile Method

LinearRegression Method

* MODFLOW Support Service APl
Documentation

¥ MODFLOWSupportService

* MODFLOWSupportService Class
4 MODFLOW SupportService Methods

ComputebyArea Method

ComputebyDistance Method
ComputeDistance Method
CreateGridshp Method
GetBasFile Method
GetChdFile Method
GetDisFile Method
GetlpfFile Method
GetNamFile Method
GetOcFile Method
GetPcgFile Method
GetWelFile Method
GetZoneFile Method

LinearRegression Method

B 20

MODFLOWSupportService Methods

4 The MODFLOW SupportService type exposes the following members.

4 Methods
Name
R ComputebyArea
el ComputebyDistance
g ComputeDistance
@ CreateGridshp
= Equals
4 Finalize
A GetBasFile
s GetChdFile
2 GetDisFile
o GetHashCode

Description
FRERIBEESH
SREERRUTERE S
TR EREEERE
EERRIEEZ shapefile

Determines whether the specified Object is equal to the current Object.
(Inherited from Object.)

Allows an object to try to free resources and perform other cleanup oper
(Inherited from Object.)

SEEALEHEMODFLOWE A48t bas file
SEEILENEMODFLOWE A4 & chd file
SEEAEAYEMO DFLOWE A 18 F dis file

Serves as a hash function for a particular type.

(Inherited from Object.)

19 MTRKENHBRERFE < API FIREE °

MODFLOWSupportService.GetZoneFile Method

} SEEALEVE MODFLOWE A fehEd zone file

Namespace: MODFLOWSupportService
Assembly: MODFLOWSupportService (in MODFLOWSupportService.dll) Version: 1.0.0.0 (1.0.0.0)

4 Syntax
[ | vB8 o+ Fe

public string GetZoneFile(
int LayerAmount,
string projectName

Parameters

layerAmount
Type: System.Int32
BN E
projectName
Type: System.String
HRGHE
Return Value
Type: String

M RKRINE B EIRFF~Z APl — GetZoneFile 3RS °
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&3 MTKRNHBRERIEZ AP FIK

ik LH

i

ComputebyArea

SR R & S S

string[][] wellRowCell,
string[ ][] modifygridRowCell,
Dictionary<string, string> dicKValue

ComputebyDistance

EP skt AIE R 8 1

string[][] wellRowCell,
string[][] modifygridRowCell,
string[][] dateRowCell

ComputeDistance

E A mRE

double x/,
double y/,
double x2,
double y2

CreateGridshp

A2k K B2 shapefile

string projectName,
double xmin,
double xmax,
double ymin,
double ymax,
double gridHeight,
double gridWidth

GetBasFile

iF § & P~ MODFLOW @?l

» ¥4 @ ehbas file

int layerAmount,

string projectName

GetChdFile

i#F B & P~ MODFLOW ﬁﬁ

» #% ¢ 0 chd file

int layerAmount,
string projectName,
int timeAmount,

int timeUnit,

int lengthUnit,
double gridSide,
string initaldate

GetDisFile

I&
Jer
5

b ¥ 5~ MODFLOW ﬁ:]

~ 4 ¢ ch dis file

int layerAmount,
string projectName,
int timeAmount,

int timeUnit,

int lengthUnit,
double gridSide

GetLpfFile

i & ¥ P~ MODFLOW gs?]

»F% @ enlpffile

int layerAmount,
string projectName,
int method,

int status

GetNamFile

|4

5~ i# MODFLOW #;

» ¥ ¢ drinam file

string projectName

GetOcFile

& | (&

do [ de
14

¥ B~ ¥ MODFLOW @?l

» F5 ¥ ehoc file

string projectName,

int timeAmount,

GetPcgFile

|40

5~ i# MODFLOW #;

»F P fhpeg file

string projectName

GetWelFile

& | (&

do [ dey
4

3

- P~ MODFLOW @?l

» ¥4 @ rwel file

int layerAmount,
string projectName,
int timeAmount

GetZoneFile

e
19

&

¥ B~ MODFLOW ﬁ%l » 4@ & zone file

int layerAmount,

string projectName

LinearRegression

PEs

double[] xvalues,
double[] yvalues
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simulation ModFlow 2000 RNEEEERGE wksetTime

ModFlow 20008 5 E
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