2
( ) (
)
GMS
4.1 MODFLOW
MODFLOW
Finite Difference
(recharge)
MODFLOW
(package) 41
3
L (Flow component Packages)

BCF, WEL, RCH, RIV, DRN, EVT GHB
2 (Stress Packages)
WEL, RCH, RIV, DRN, EVT GHB
3 (Solver Packages) SIP,
SOR PCG

(procedures) 4-2



Package

Basic

Block-Centered

Flow

Well

Recharge

River

Drain

Evapotrans-
piration
General-Head
Boundaries
Strongly Implicit
Procedure
Slice
Successive

Overrelaxation

BCF

WEL

RCH

RIV

DRN

GHB

SIP

SOR

MODFLOW

Packages
time step 1
finite-difference
storage
finite-difference
finite-difference
finite-

difference

finite-difference

finite-difference
general-head boundary
finite-difference
iterative finite-difference
Strongly Implicit Procedure
iterative finite-difference

Slice-successive overrelaxation
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Procedures

Define (DF)
Allocate (AL)

Read & Prepare(RP)
Stress (RT)

Read &Prepare(RP)
Advance (AD)
Formulate (FM)
Approximate (AP)
Output Control (OC)
Budget (BD)
Output (OT)

41.1

stress period

loop

Flow Component Packages
Stress Packages

BAS BCF WEL RCH RV DRN EVI GHB
X
X X X X X X X X
Xu  Xus
X
Y2 X X X
X
X ZZ/BAITARe X X X
X
Xus  Xu  Xu  Xu Xu Xu Xu
Xu
Utility modules, Submodules
MODFLOW

stress period

stress period
finite-difference
time step
time step

41

-Define procedure

(transient

steady-state) stress period

5/

Solver
Packages
SIP SOR PCG
X X X
X X X

time step



" oow

Vom o

Start

Define

v

Allocate

v

Read & Prepare

|

Time Step Loop

Stress

v

Read & Prepare

»

Iteration Loop

Advance

Yes

No

4%

Formulate

v

Approximate

pEe=>

yYes

Output Control

v

Budget

v

" Output

v

More
Time

Yes

Steps

Y No
More
Stress

4-1

Periods

No

End )

—~

MODFLOW

58



-Allocate Procedure

-Read and Prepare Procedure

59

(boundary condition) (initial heads)

(transmissivity)

(specific storage)

-Stress Procedure

stress period

-Read and Prepare Procedure

-Advance Procedure

(hydraulic conductivity)

stress period

time-step loop

iteration loop

-Formulate Procedure conductance
-Approximate Procedure
iteration loop
-Output Control Procedure
(budget term) (cell-

by-cell flow terms)
-Output Procedure

control procedure

output



412 MODA.OW
(package) 10
5
4-3 MODA.OW
Input File
BAS
period time step
BCF transmissivity
coefficient hydraulic conductivity leakance
WEL
PCG iteration time Step
ouT output

60

Input

stress

storage



2753

10

10

4-2

40

47

47

51

51

52

51

51

50

50

46

45

45

45

46

46

47

45

27

25

31

10

37

36

8

&

26

24

I
-136.65

-180.64
-760.89
-318.27
2918.44
-566.43
-447.15
-1600.4
11144.9
-283.22

-90.17
-708.38
2125.14
-1621.1

-20.21
-130.05
-119.68

-12.04
-111.55
-428.94

-765.94

Well Package



VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 20

CUMULATIVE VOLUMES  L**3 RATESFORTHISTIME STEP  L**3/T
IN IN
STORAGE = 0.61647E+09 STORAGE = 0.26635E+06
CONSTANT HEAD = 0.34436E+10 CONSTANT HEAD =  0.22189E+07
WELLS = 0.0000 WELLS = 0.0000
TOTAL IN= 0.40601E+10 TOTAL IN= 0.24852E+07
OUT: OUT:
STORAGE = 0.58539E+08 STORAGE = 7807.5
CONSTANT HEAD = 0.42194E+08 CONSTANT HEAD = 22587.0
WELLS = 0.39594E+10 WELLS = 0.24548E+07
TOTAL OUT = 0.40601E+10 TOTAL OUT = 0.24852E+07
IN- OUT = -1536.0 IN-OUT = -3.2500
PERCENT DISCREPANCY = 0.00 PERCENT DISCREPANCY =  0.00
4-3 !

MODFLOW . . 2535



42 MT3D

MT3D (A Modular Three-Dimension Transport Model)

(advection)

(dispersion) (chemical reaction)
MODFLOW
MT3D mixed Eulerian-Lagrangian
(hydrodynamic dispersion equation) 3 MT3D
MT3D
sink/source (
) MODFLOW MT3D
MT3D @ )
©) 4
sources sinks
421 MT3D
MT3D
MODFLOW (McDonald and Harbaugh, 1988) MT3D
MT3D MODFLOW
MT3D 4-4
- Define procedure
stress periods transport options

- Allocate procedure

63



- Read and Prepare procedure

- Stress Procedure

stress period

- Read and Prepare Procedure

stress period

sources

time step loop

- Read and Prepare Procedure

(hydraulic heads)

- Coefficient procedure

time step head solution
- Advance procedure
Transport step
- Solve procedure
mixed Eulerian-Lagrangian
- Budget procedure
- Output procedure

control options

64

1

sources sinks

sinks

3

(dispersion coefficient)

stepsize
transport component explicit
component
output



STRESS PERIOD LOOP

START

DEFINE

v

ALLOCATE

v

READ &
PREPARE

v

FLOW TIME STEP LOOP

TRANSPORT TIME STEP LOOP

STRESS

v

READ &
PREPARE

v

READ &
PREPARE

v

SOLVE

COEFFICIENT

v

ADVANCE

4-4

Tl

MT3D

ITERATION LOOP

65



44

Package
Basic

Transport

Head and Flow

File

Advection

Dispersion

Sink & Source

Mixing

Chemical

Reaction

Utility

BTN

HFF

ADV

DSP

SSM

RCT

UTL

66

stepsize
mass balance information
MODFLOW unformatted disk

file heads flow terms HFF Package
heads flow terms
transport
Advection
Eulerian-Lagrangian scheme : MOC,
MMOC, HMOC
Dispersion explicit finite difference
Sink &
Source Mixing explicit finite difference
wells, drains, rivers, recharge évapotranspiration
Chemical
Linear

Reaction nonlinear sorption

isotherms first-order irreversible rate reaction

input/output data arrays



422 MI3D
4 Input
4-5 MT3D
Input File
BTN ,
Stress period time step
ADV time step
DSP longitudinal dispersivity vertical dispersivity
longitudinal dispersivity transverse dispersivity
longitudinal dispersivity disfussion coefficient

SSM Sink/Source

67



423

MT3D

68

CUMMULATIVE MASS BUDGETS AT END OF TRANSPORT STEP 3, TIME STEP1, STRESS

PERIOD 10

CONSTANT CONCENTRATION:

CONSTANT HEAD:
WELLS:
MASS STORAGE (SOLUTE):

[TOTAL]:

45

0.2829192E+15
0.000000
0.000000
0.5911996E+14

0.3420391E+15 G

-0.2556605E+15
-0.3573434E+11
-0.4843079E+13
-0.8167749E+14

-0.3422168E+15 G
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4.3 " GMS

GMS (Groundwater Modeling System)

GMS MODFLOW MT3D GMS
4-6 3
43.1
GMS (Tool
Palette)
MODFLOW MT3D

GMS

4.3.2

4-8
4.3.3
GMS
GMS
4.3.4

GMS



GMS model

v
- NMUUATUIATIDULIAYDY aquifer
- @514 conceptual model
- flauAGusunldlunisAnua

- flaudAReulanvauian

i

MODFLOW MODEL

v 1] 1
Uszananamseiuinnilasuilag

l

MT3D MODEL

UszuranaAAudnduasulaq

l

GMS MODEL

LAAIRANITATID

46

MODH.OW

PRE-PROCESS

PROCESS

PROCESS

POST-PROCESS
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