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(model  schematization) — wa1wfe MI¥in 1A
LUUIIA0IUIUIANIRINE6aNITATWI LIS
ROAARBINUNITILATIZHUAZATIVIAAY
(% &
mqﬂs:ammaﬂmams

45 LUUIIaeILTIILaTIzH (analytical
model) WaNBT9 WUUFIROINUAFNNITANUTIUG 2L
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sz uMTeAauRvasamsluinueai s
Lan8@ Iy (exact solution)

46 wuusaeddadiamaas wauedd (n)
wuuaeanimismimmnimeiane g lasld
FUNINIATRAFEASNLEAITITZLLMENIN B9
Uszneavdqy Taguilugiuedisinyg (2) n1s
LRAINANIINEAN LaslfHan1siuI g9
LAY LEAI TN ANITNVBITTULUAZNENITUNA
ANMNULNUBEINIVDINTATUITE

4.7 UWUUIINDILTIAILAY (numerical model)
Ao wuuinaesfilddtnisniadianlagunis
mgﬁufmﬁ'ﬂﬂﬁﬂummaaaumiﬁ"nmﬁm%uﬁu

48 wuus1aedtdinluviai (conceptual
model)  wa1wd MTAANNRIANITATLY D4
AMANHTAZUAZWATA (dynamics)  VBITTUUNI
N18NIN (physical system)

49 wuuiiseviivianalFendiaanaas
(groundwater modeling code) eIk I‘ﬂil,mi&lﬁ
ldandonmimfitaafans g lunsdiwam udazud
auMIlasdimsUszananslasldnsiui g
daar wiaumiszuulunisuSuuazdsnanis
ﬁwmmlﬁaa@ﬂﬁaaﬁ'mwuqﬂfﬁwm

4.10 Tdsunsuaauiiiees (computer code)
Usznauaas AT sdszunma Nt Taaaian nsun
aumﬂml’ﬁﬂﬂmmamﬁﬁuge nsilaudayauas

RINANIIRIWITE WIDUNIUFAING

5. ANNAIAYUAZANT LTI
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FANTNINLINTHILIANR kUL IReIHILIaaLw
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npatisdy ipiumatlasiulymFiuadaud
szAeduiuumasinana
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WNe uazsiaaiidasine wazanusansad
LANGIIN ﬂ’]iLaaﬂl%LLUUﬁ’mad‘ﬁlQﬂﬁaﬁ]zﬁ’JU
Tunsdadulalunmsasmunisgiuvesdnldinelu
AIF AU BUAZHAANTVBINITILATILHIINMNT
iaaaldd

53 mieTuisadiaduizuulazasaungu
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912 ANTAINIFNM TN A RAFIFASLAZANN
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v
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61 nitdenlduuusiasstiiuiaatds
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$raarialy

6.2 mIdenltuuuiaeidsadiamanidas
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sruuaguaInMURaInslumsaILULIaed
LAZO AN BULYAIFUNITNAUAAITATVD
Lmuaimaaﬁwmmaﬁﬁag
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wsnlglunsoenuuukazl s I uANLATWIINY DI
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Vl&laim’.lvl,ﬂa’llﬂin‘ﬂ?ﬂz

U

Td5unIun3a code

A

ﬂ%’uﬁg‘aLm"vlfumﬂWﬁi‘ﬁuaﬁuma"MﬁHmuvlﬁ
Lae Iﬂil,mimauﬁama%ﬁﬁa%i fuIaduunle
a2 dzian de Tusunsuildlanalysu
TUsunsudvaniniieiasnuonisan (propriety
software) aﬂﬂﬂﬂa@l%oﬁﬂﬁ%ﬂw

7.94 Qmé’nwmzﬂuaﬂﬂmmwﬂauﬁama%ﬁ
Tdaruld dnazifuldsunsufinfenldonle
iwﬁ'ﬂﬂmﬂsuﬁﬁmiﬂawﬁa;&aua:ﬂﬁalums
FuiinauvadLuuiInnedtindaaaasatuisie

AFmsudsanisluzduuudsg deuunisilen
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8.4 ﬂ']iﬁ"l‘ﬁ%(ﬂﬂ’l’]&]ﬁﬂx‘lﬂ’]‘ﬂﬂidﬂ'ﬁ INUNIT
a o P - v o o
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ﬁwu@mwﬁaamﬂmamﬂmdmaamzmumi

LHONENMINIATRAFEAT

9. NIIATINIINYIINVBINITZLIRNITADN T

LULRIABIWILIANE

ANTLRANULUUIIREIAITAINTUININNT
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dilovasnmisuszgnd FIHNNNTIAYINTI 891NN
WanltuuusnaesalTaznaniitedinanie
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andasndanalinadamInaiianuuuinaed
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10. a1d1ayY

fdan (key words) §mIUMIFUAUTaYa
fumsidanlfuuuitaasinuneadndiamans
1éun msidenlduuudnass (code  selection)
wuUdNaadBIadiaenaas (computer model) N3
a‘%muuaﬁﬁaaaﬁﬁmma (groundwater modeling)

LAZN1IINNDIFNIN (simulation)

11. 18n§19219D9

American Society for Testing and Materials
(ASTM), 2004. Standard Guide for Selecting

a Ground-Water Modeling Code, D 6170-97
(Re 2004).
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Checklist for Ground-Water Modeling Needs and Code Functionality (3)

MODELING CODE NAME:
VERSION:

AUTHOR(S):

INSTITUTE OF DEVELOPMENT:
CONTACT ADDRESS:

PHONE:

E-MAIL:

PROGRAM LANGUAGE:
COMPUTER PLATFORM(S);
LEGAL STATUS/RESTRICTIONS":

RELEASE DATE:

FAX:

USER-INTERFACE:

PREPROCESSING QPTIONS:

POSTPROCESSING FACILITIES:

J program shell
7 preprocessing

0 menu-driven, text-based
O simulation execution

L screen-graphics (GUI)
[ postprocessing

C file export for postprocessing (e.g., GRD, XLS)

"1 graphics file import (e.q., DXF, PCX, PGL)

_ other:

J input preparation
(1 other:

[ automatic gridding

) graphics file export

[ interactive gridding

U review results (text) [1 graphical display of results (on screen)

O conversion of results for external postprocessing

O other:

MODEL TYPE (General Descriptors)

[ single phase saturated flow

L1 single phase unsaturated flow

[ vapor flowftransport

[1 solute transport

U virus transport

[1 heat transport

U matrix deformation

[1 geochemical

U optimization

[1 groundwater and surface
water hydraulics

[ parameter ID saturated flow
(inverse numerical)

UNITS

0 Sl system
0 metric units

PRIMARY USE

7 research
i education

1 parameter ID unsaturated flow
(analyticall numerical)
parameter |D solute transport
(numerical)

aquifer test analysis

tracer test analysis

flow of water and steam
fresh/salt water interface
two-phase flow

three-phase flow

phase transfers

chemical transformations
biechemical transformations
0 watershed runoff

oocoonQ

[ Rt I

1 US customary units
1 any consistent system

O general use
N site-dedicated

1) proprietary versus public domain, license required, etc.

sediment transport
surface water runoff
stochastic simulation
geostatistics
muitimedia exposure
pre-/postprocessing
expert system

data base
ranking/screening
water budget

heat budget
chemical species mass
balance

other:

user-defined

policy-setting
ather.

E‘].l'ﬁ 17 Elﬂ’]i“llﬂ\‘lLL‘U‘]J"BOWE‘]ﬂdﬁﬁu’m’mﬁﬁadﬂ’]il‘ﬁLLﬂzWII’]ﬁ“llﬂdI‘ﬂiLLﬂﬂJ

(daudasann ASTM D6170-97, 2004)
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GENERAL MODEL CHARACTERISTICS - continued

PARAMETER DISCRETIZATION DISCRETIZATICN IN SPACE
T lumped 0 ne discretization

L mass balance approach 0 wuniform grid spacing

[+ transfer function(s) N wvariable grid spacing
M distributed 1 movable grid (relocation of
[ deterministic nodes during run)
[l stechastic 11 maximum number of nodes/cells/elements

O modifiable in source code (requires compilation)
0 modifiable through input
SPATIAL ORIENTATION [ maximum number of nodes (standard version):
1 maximum number of cells/elements (standard

Saturated flow version).
0 1D horizontal
0 1D vertical Possible cell shapes
M 2D honizontal (areal) 0 1D linear
1 2D vertical (cross-sectional or profile) 1 1D curvilinear
0 2D axi-symmetric (horizontal flow only) 0 2D triangular
n fully 3D 1 2D curved triangular
11 quasi-3D (layered, Dupuit approx.) M 20 square
0 3D cylindrical or radial (flow defined in horizontal 0 2D rectangular

and vertical directions) [0 2D quadrilateral

[ 2D curved quadrilateral

Unsaturated flow [ 2D polygon
71 1D horizontal [1 2D cylindrical
2 1D vertical [0 3D cubic
2D horizontal 1 3D rectangular bleck

2D vertical [0 3D hexahedral (6 sides)
0 2D axi-symmetric 0 3D tetrahedral (4 sides)
i1 fully 3D U 3D spherical
0 3D cylindrical or radial 0 other:

RESTART CAPABILITY - types of updates possible

| dependent variables {e.g., head, concentration,
temperature)

fluxes

velocities

parameter values

1 stress rates (pumping, recharge)

[0 boundary conditions

[0 other:

(%

aamsltuaznsinfvedldsunsy (da)

3UN 1 memsvesuunitaasiiuean

sarilasuniInersvaunny 18 filla nv 1/ 3002-2550 mudanly

wuuaaiInmaiIndiamans



&2

iwmuau"'uanyiﬁ (1&uf 4/10)

o

Tnsgn1s9arinanasgunisian: §1339 uashauILariIeIs

FLOW SYSTEM CHARACTERIZATION

Hydrogeologic zoning

0 confined

| semi-confined {leaky-confined)

unconfined (phreatic)

hydrodynamic approach

C hydraulic approach (Dupuit-
Forcheimer assumption for
horizontal flow)

0 single aquifer

single aquiferfaquitard system

multiple aguifer/aguitard systems

max. number of aquifers:

discontinuous aquifers {aguifer

pinchout)

discontinuaus aquitards

(aquitard pinchout)

storativity conversion in space

(confined-unconfined)

storativity conversion in time

aquitard storativity

other:

el

10

Hydrogeologic medium

O porous medium

0 fractured impermeable rock
(fracture system, fracture
network)

O discrete individual fractures

Ul equivalent fracture network
approach

[] equivalent porous medium
approach

11 dual porosity system (flow in
fractures and optional in porous
matrix, storage in porous matrix
and exchange between fractures
and porous matrix)

C uniform hydraulic properties
(hydraulic conductivity,
storativity)

7 anisotropic hydraulic conductivity

0 nonuniform hydraulic properties
(heterogeneous)

O other:

SATURATED ZONE
Flow characteristics

single fluid, water

single fluid, vapor

M single fluid, NAPL

[1 air and water flow

Il water and steam flow

1 moving fresh water and stagnant

salt water

moving fresh water and salt

water

water and NAPL

water, vapor and NAPL

incompressible fluid

compressible fluid

variable density

variable viscosity

linear faminar flow (Darcian flow)

non-Darcian flow

steady-state flow

transient {non-steady state) flow

dewatering (desaturation of

cells)

dewatering (variable

transmissivity)

[ rewatering (resaturation of dry
cells)

1 delayed yield from storage

1 other:

oOoocooog

oooC

Boundary conditions

L1 infinite domain
0 semi-infinite domain
1 regular bounded domain
[ irregular bounded domain
11 fixed head
1 prescribed time-varying head
11 zero flow (impermeable barrier)
U fixed cross-boundary flux
{1 prescribed time-varying cross-
boundary flux
(1 areal recharge:
I1 constantin space
0 variable in space
LI constantin time
[ variable in time
1 other:

Boundary conditions - continued

Il
Il
B
M

induced recharge from or
discharge to a source bed
aquifer or a stream in direct
contact with ground water

surface water stage
constant in time

surface water stage variable
in time

stream penetrating more
than one aquifer

induced recharge from a stream

not
gro

in direct contact with
undwater

evapotranspiration dependent

on
tab
dra

distance surface to water
le
ins {gaining anly)

free surface
seepage face

spr

ings

other:

Sources/Sinks

B]

8]

point sources/sinks
(recharging/pumping wells)

0
i
0
[
U
i

line

coll

constant flow rate

variable flow rate
head-specified

partially penetrating

well loss

block-to-radius carrection
well-bore storage

multi-layer well

sourcefsinks (internal drains)
constant flow rate

variable flow rate
head-specified

ector well (horizontal, radially

extending screens)
mine shafts (vertical)

water-filled
partially filled

mine drifts, tunnel (horizontal)

™

o

water-filed
partially filled

other:

gﬂﬁ 1 M vadkUUIaasiiuiean

@

aamsltuaznsinfvasldsunsy (da)
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FLOW SYSTEM CHARACTERIZATION - continued

UNSATURATED ZONE

Sail medium

parous medium

fractured impermeable rock

discrete individual fractures

dual porosity system

equivalent fracture network approach
equivalent porous medium approach
micropore/macropore system
uniform hydraulic properties
nonuniform hydraulic properties
anisotropic hydraulic properties

areal homogeneous (single soil type)
areal heterogeneous (multi soil types)
swelling/shrinking soil matrix

dipping soil layers

number of soil layers:

other:

DooDoooooooZCoooaoa

Flow characteristics

single fluid, water

single fluid, vapor

single fluid, NAPL

air and water flow

water and NAPL

water, vapor and NAPL

variable density

variable viscosity

linear laminar flow (Darcian flow)
noen-Darcian flow

steady-state flow

transient (nen-steady state) flow
Il other:

ODoo0ooOoDoooooOoo

Parameter representation

Parameter definition

O suction vs,saturation (included; see next section)
[l porosity

O residual saturation

{1 hydraulic conductivity vs.saturation included; (see
next section)

number of soil materials:

ather:

Z o

Soil moisture saturation - matric potential relationship
r tabular
L math. function{s) (describe):

Sail hydraulic conductivity-saturation/hydraulic potential
relationship

11 tabular

U math. function(s} (describe):

Intercell conductance representation
(K,~determination)

7 arithmetic

O harmonic

I geometric

C other:

Tortuosity model (e.g., for vapor diffusion)
11 math. function{s) (describe).

Boundary conditions

fixed head

prescribed time-varying head

fixed moisture content

prescribed time-varying moisture content

zera flow (impermeable barrier)

fixed boundary flux

prescribed time-varying boundary flux

areal recharge:

U constant in space

() variable in space

L} constant in time

{1 variable in time

[ ponding

[ automatic conversion between prescribed head and
flux condition

i1 other.

ot I e i s s o

Flow related processes

[1 evaporation

1 evapotranspiration

[l plant uptake of water (transpiration)
1 capillary rise

[1 hysteresis

1 interflow

[0 perched water

I other:

(%
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FLOW SYSTEM CHARACTERIZATION - continued

head
drawdown
pressure
suction

ooaoc

11 Analytical
0 single solution
0 superposition
1 method of images
0 other:

0 Analytic Element method
0 point sources/sinks

1 line sinks

1 ponds

O  uniform flow

U rainfall

[ layering

1 inhomogeneities
[1 doublets

0 leakage through confining beds

[l other:

[1 Semi-analytical

Ooooo

other:

olving stochastic PDE's
Monte Carlo simulations
spectral methods

Doz ool

other.

small perturbation expansion
self-consistent or renormalization technique

DEPENDENT VARIABLE(S)

0 potential

[1 moisture content

11 stream function
0 velocity

other:

SOLUTION METHODS - FLOW

continuous in time, discrete in space
continuous in space, discrete in time
approximate analytical solution

U Numerical

Spatial approximation
1 finite difference method
block-centered
Z node-centered

0 integrated finite difference method
[0 boundary elements method

U particle tracking

11 pathline integration
0 finite element method
[ other:

Time-stepping scheme
1 fully implicit

1 fully explicit

1 Crank-Micholson
Il other

Matrix-salving technique
0 lterative
o siP

LSOR
SSOR
BSOR
ADIP

Predictor-corrector
Point Jacobi

1 gther:

Direct

0 Gauss elimination

S OoOoCcOoOogc

Gauss-Seidel (PSOR)

lterative ADIP (IADI)

Cholesky decomposition

0 Frontal method

7 Doolittle

T Thomas algorithm
other:

0 I'teratiue methods for nonlinear equations

T Picard method

Newton-Raphson method

other:

Semi-iterative

0 conjugate-gradient
{1 other

[

2 Chord slope method

UM 1 Memsvesuunitaasiuean
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FLOW SYSTEM CHARACTERIZATION - continued

INVERSE MODELING/PARAMETER IDENTIFICATION FOR FLOW

Parameters to be identified

[ hydraulic conductivity
transmissivity
storativity/storage coefficient
leakeancefleakage factor
areal recharge
cross-boundary fluxes a
boundary heads

pumping rates

soil parameters/coefficients

streambed resistance

other:

User input

prior information on parameter(s) to be identified
constraints on parameters to be identified

1 instability conditions

non-uniqueness criteria

regularity conditions

other:

b e O o O

PARAMETER IDENTIFICATION METHOD

U aquifer tests (based on analytical solutions)
0 numerical inverse approach

Direct method (model parameters treated as Indirect methed (iterative improvement of parameter
dependent variable) estimates)

Il energy dissipitation method 0 linear least-squares

L1 algebraic approach non-linear least-squares

0 inductive method (direct integration of PDE)

0 minimizing norm of error flow (flatness criterion)
(1 linear programming (single- or multi-objective)
M quadratic programming

0 matrix inversion
0 Marquardt
f other:

0 quasi-linearization

0 linear programming

|| quadratic programming

steepest descent

conjugate gradient

non-linear regression (Gauss-Newton)
Newton-Raphson

influence coefficient

maximum likelihood

(co-)kriging

gradient search

decomposition and multi-level optimization
graphic curve matching

other:

[ Y

CCoOoOoZ g

oo

¥
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FLOW SYSTEM CHARACTERIZATION - continued

OQUTPUT CHARACTERISTICS - FLOW

Echo of input (in ASCI| text format)

O grid {nodal coordinates, cell size, element
connectivity

initial heads/pressures/potentials

initial moisture content/saturation

soll parameters/function coefficients
aquifer parameters

flow boundary conditions

flow stresses (e.g., recharge, pumping)

L other:

Simulation results - form of output

1 dependent variables in binary format

7 complete resuits in ASCII text format

{1 spatial distribution of dependent variable for
postprocessing

0 time series of dependent variable for

postprocessing

direct screen display - text

direct screen display - graphics

direct hardcopy (printer)

direct plot (pen-plotter)

graphic vector file

graphic bitmap/pixel/raster file

other:

§1mgglaggg results - type of output

head/pressure/potential
[l areal values (table, contours)
temporal series (table, x-t graphs)
[1 saturation/moisture content

0 areal values (table, contours)

temporal series (table, x-t graphs)

1 head differential/drawdown

00 areal values (table, contours)

0 temporal series (table, x-t graphs)

moisture content/saturation

7 areal values (table, contours)

71 temporal series (table, x-t graphs)

Type of output - continued

internal (cross-cell) fluxes

0 areal values (table, vector plots)
M temporal series (table, x-t graphs)
infittration fluxes

0  areal values (table, vector plots)
1 temporal series ({table, x-t graphs)
evapo(transpijration fluxes

0 areal values (table, vector plots)
[0 temporal series (table, x-t graphs)
cross boundary fluxes

[1  areal values {table, vector plots)
[} temporal series (table, x-t graphs)

1 velocities

[ areal values (table, vector plots)

0 temporal series (table, x-t graphs)

stream function values

streamlines/pathlines (graphics)

capture zone delineation (graphics)

traveltimes (table of arrival times; tics on pathlines)
isochrones (i.e., lines of equal travel times;
graphics)

position of interface (table, graphics)

location of seepage faces

water budget components

7 cell-by-cell

0 global (main components for total model area)
calculated flow parameters

[ uncertainty in results (i e., statistical measures)

)

J other:

Computational information

™

ZO0o0ocC

iteration progress
iteration error
mass balance error
cpu time use
memory allocation
other:
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SOLUTE TRANSPORT AND FATE CHARACTERIZATION
WATER QUALITY CONSTITUENTS

any constituent(s) {1 organics U radionuclides

single constituent
two interacting constituents

0

volatile organic compounds
(VOCs)

micro-organisms
bacteria, coliforms

C  multiple interacting constituents 1 polycyclic aromatic viruses
T total dissolved solids (TDS) hydrocarbons (PAHs) other.
[ inorganics - general 0  polychlorinated biphenyls
{1 inorganics - specific (PCBs)

11 heavy metals 0 pesticides

! nitrogen compounds [  phthalates

O phosphorus compounds 1l solvents

1 sulphur compounds 1 non-polar organic

compounds
0 other
TRANSPORT AND FATE PROCESSES

(Conservative) transport Fate - Type of reactions: space)
71 advection [l ion exchange [l heterogeneous (variable in

0 steady-state 0 substitution/nydrolysis space)

Il uniform-parallel to 1 dissolution/precipitation 0 scale-dependent
transport coordinate O reduction/oxidation 7 internal cross terms diffusion

system coefficient
1 uniform-may be under an Fate - Type of reactions - continued) U homaogeneous (constantin
angle with transport 1 acid/base reactions space)
coordinate system U complexation heterogeneous (variable in
1 non-uniform 1 biodegradation space)
o transient aerobic
velocities generated within anaerobic retardation factor
code rl other: i1 homogeneous (constantin
1 from internal flow space)
simulation Fate - Form of reactions: [T heterogeneous (variable in
O from external flow 0 zero order production/decay space)
simulation or measured 1 first order production/decay
heads [1 radioactive decay I Chemical processes embedded in
1 velocities required as input single mother/daughter transport equation
O mechanical dispersion decay 11 Chemical processes described by
U longitudinal chain decay equations separate from the
O  transverse 1 microbial production/decay transpaort
I molecular diffusion 0 aercbic biodegradation
U Ailtration (describe model): anaerobic biodegradation
0 other: 0 other:
Phase transfers Parameter representation

Il solid<->gas; (vapor) sorption

0 salid=->liquid; sorption dispersivity
0 equilibrium isotherm 0 isotropic (longitudinal =
[T linear (retardation) transverse)
U Langmuir L 2D anisotropic - allows
C Freundlich lengitudinalfransverse ratio
non-equilibrium isotherm 0 3D anisotropic - allows
~ desorption (hysteresis) different
0 other longitudinalftransverse and
N liquid->gas, volatilization horizontal transverse/vertical
O liquid->solids; filtration transverse ratios
0 other: 0 homogeneous (constant in
A o ¥ Py o o A .
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FLOW SYSTEM CHARACTERIZATION - continued

OUTPUT CHARACTERISTICS - FLOW

Echo of input (in ASCI| text format)

b [ O e

grid (nodal coordinates, cell size, element
connectivity

initial heads/pressures/potentials

initial maisture content/saturation

soll parametersffunction coefficients
aquifer parameters

flow boundary conditions

flow stresses (e.g., recharge, pumping)
other;

Slmulaton results - form of output

oo

]

- o

oooog

dependent variables in binary format
complete results in ASCI text format
spatial distribution of dependent variable for
postprocessing

time series of dependent variable for
postprocessing

direct screen display - text

direct screen display - graphics
direct hardcopy (printer)

direct plot (pen-plotter)

graphic vector file

graphic bitmap/pixelfraster file

other:

Simulation results - type of output

O

]

head/pressure/potential

Z  areal values (table, contours)

2 temporal series (table, x-t graphs)
saturation/moisture content

T areal values (table, contours)

[7 temporal series (table, x-t graphs)
head differential/drawdown

0 areal values (table, contours)

0 temporal series (table, x-t graphs)
moisture content/saturation

[1 areal values (table, contours)

11 temporal series (table, x-t graphs)

Type of output - continued

0

o I e s s

i |

internal (cross-cell) fluxes

O areal values (table, vector plots)
0 temporal series (table, x-t graphs)
infittration fluxes

[0 areal values (table, vector plots)
[1 temporal series (table, x-t graphs)
evapo(transpi)ration fluxes

00 areal values (table, vector plots)
[1 temporal series (table, x-t graphs)
cross boundary fluxes

LI areal values (table, vector plots)
[ temporal series (table, x-t graphs)
velocities

[t areal values (table, vector plots)
0 temporal senes (table, x-t graphs)
stream function values
streamlines/pathlines (graphics)
capture zone delineation (graphics)
traveltimes (table of arrival times; tics on pathlines)
isochrones (i.e., lines of equal travel times;
graphics)

position of interface (table, graphics)
location of seepage faces

1 water budget components

0 cell-by-cell

1 global (main components for total model area)
calculated flow parameters

uncertainty in results (i.e., statistical measures)
other:

Computational information

[
0
I
0
[N
I

iteration progress
iteration error
mass balance error
cpu time use
memory allocation
other:
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SOLUTE TRANSPORT AND FATE CHARACTERIZATION - continued

INVERSE/PARAMETER IDENTIFICATION FOR SOLUTE TRANSPORT

Parameters to be identified User input

i1 velocity U priorinformation on parameters to be identified
0 dispersivity [0 constraints on parameters to be identified

1 diffusion coefficient U instability conditions

1 retardation factor 0 non-uniqueness criteria

[1 source strength il regularity conditions

[ initia! conditions (concentrations) 0 other:

C other

PARAMETER IDENTIFICATION METHOD

L1 tracer tests (based on analytical solutions)

O numerical inverse approach

Direct method (model parameters treated as
dependent variable

O energy dissipitation method

C algebraic approach O
(7 inductive method (direct integration of PDE) ]
[ minirnizing norm of error flow (flatness criterion)
1 linear programming (single- or multi-objective)
[ quadratic programming

O matrix inversion [
~ other: 0

Indirect methad (iterative improvement of parameter
estimates)

linear least-squares
non-linear least-squares
quasi-linearization

[ linear programming
LI guadratic programming

steepest descent

conjugate gradient

non-linear regression (Gauss-Newton)
Newton-Raphson

maximum likelihood

I {co-)kriging

L other:

OUTPUT CHARACTERISTICS - SOLUTE TRANSPORT

Echo of input (in ASCII text format)

[ grid {(nodal coordinates, cell size, element
connectivity

initial concentrations

transport parameter values

transport boundary conditions

transport stresses (source/sink fluxes)
other:

[ -]

oood

Simulation results - Type of output
L concentration values
[ concentration in pumping wells
[t internal and cross-boundary solute fluxes
[i velocities (from given heads)
areal values (table, vector plots)
O temporal series (table, x-t graphs) N
1 mass balance components 0
0 cell-by-cell |
L global (total model area) ]
{1 calculated transport parameters 0
I uncertainty in results (1.e., statistical measures) I
{1 other:

Oooom

Simulation results - Form of output

binary files of concentrations

:'.f complete results in ASCI| text format
[ spatial distribution of concentration for

postprocessing

time series of concentration for postprocessing
direct screen display -text

direct screen display - graphics

direct hardcopy (printer)

direct plot (pen-plotter)

graphic vector file

graphic bitmap/pixel/raster file

other:

Computational progress

iteration progress
iteration error
mass balance error
Cpu use

memory allocation
other:

(%
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HEAT TRANSPORT CHARACTERIZATION

TRANSPORT PROCESSES

1 convection
[1 steady-state
0 uniform flow
non-uniform flow
O transient
conduction

O through rock-matrix
i1 through liquid
thermal dispersion

[
Ll
u]

COoc

thermal diffusion between rock matrix and liquid
radiation

phase change

0 evaporation/condensation

N waterivapors
0 water/steam
[} freezingfthawing

heat exchange between phases
internal heat generation (heat source)
other:

PARAMETER REPRESENTATION

(parameters not checked are considered homogeneous)

Thermal conductivity of rock matrix

r
1]

LI

homogeneous (constant in space)
heterogeneous (variable in space)

other.

Thermal dispersion coefficient

O
8
L
C

isotropic (longitudinal=transverse)
anisotropic

hemageneous (constant in space)
heterogeneous (variable in space)

BOUNDARY CONDITIONS FOR HEAT TRANSPORT

General boundary conditions

0
o
L
O

]

fixed temperature (constant in time)

specified time-varying temperature

zero heat flux/temperature gradient

fixed heat fluxtemperature gradient

specified time-varying heat fluxftemperature gradient
heat flux from stream dependent on flow rate and
stream temperature

heat flux to stream dependent on flow rate and
ground-water temperature

heat flux through overburden dependent on flow
rate and recharge temperature

heat flux through overburden dependent an
temperature difference between aquifer and
atmosphere

other:

Sources and sinks

=

a

Ooooo

injection well with given constant temperature and
flow rate

injection well with given time-varying temperature
and flow rate

production well with given flow rate and heat flux
dependent on ground-water temperature

point sources

line sources

areal sources

non-point (diffuse) sources

ather:

SOLUTION METHODS - HEAT TRANSPORT

0 flow and heat transport equations are uncoupled
[ flow and heat transport equations are coupled

71 through temperature-dependent density

11 through temperature-dependent viscosity

. Analytical

L single sclution

1 superposition

[ method of images
0 other:

7 Semi-analytical

I} continuous in time, discrete in space
0 continuous in space, discrete in time
I approximate analytical solution
other:
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HEAT TRANSPORT CHARACTERIZATION - continued

[1 Solving stochastic PDE's Matrix-solving technique
1 Monte Carlo simulations 1 Iterative
1 spectral methods 0 SiP
1 small perturbation expansion [l Gauss-Seidel (PSCR)
O self-consistent or renormalization technique 0 LSOR
J  other: [ SSOR
[l BSOR
1 MNumerical 0 ADI
[ Iterative ADIP (IADI)
Spatial approximation 0 Point Jacobi
O finite difference [l other:
0 block-centered 1 Direct
1 node-centered [ Gauss elimination
0 integrated finite difference [ Cholesky decomposition.
71 particle-tracking 0 Frontal method
J  method of characteristics 11 Doolittle
1 random walk [ Thomas algorithm
7 boundary element method [l other:
T finite element method 11 Iterative methods for nonlinear equations
7 other: [ Picard method
0  MNewton-Raphson method
Time-stepping scheme 0 Chord slope method
O fully implicit U other
0 fully explicit 0 Semi-iterative
1 Crank-Nicholson 0  conjugate-gradient
0 other: 0 other

QUTPUT CHARACTERISTICS - HEAT TRANSPORT

Echo of input (in ASCII text format) Simulation results - Form of output

grid (nodal coordinates, cell size, O binary files of temperatures

element connectivity 11 complete results in ASCII text format
0 initial temperatures 0 spatial distribution of temperature for
[l transport parameter values postprocessing

I transport boundary conditions
{1 transport stresses (source/sink fluxes)
LI other

time series of temperature for postprocessing
direct screen display -text

direct screen display - graphics

direct hardcopy (printer)

direct plot (pen-plotter)

graphic vector file

graphic bitmap/pixel/raster file

other:

Simulation results - Type of output
[0 temperature values
[1 temperature in pumping wells
0 internal and cross-boundary heat fluxes
[1 wvelocities (from given heads)
M areal values (table, vector plots) c
0 temporal series (table, x-t graphs) i1 iteration progress
O heat balance components 0O ieration error
[ cell-by-cell 0 heat balance error
0
a
U

{0 s o o |

omputational progress

0 global (total model area) cpu use

! calculated transport parameters memory allocation
1 uncertainty in results (i.e., statistical measures) other.
[ other
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ROCK/SOIL MATRIX DEFORMATION CHARACTERIZATION

Deformation cause

fluid withdrawal (increased internal rock

matrix stresses)

overburden increase (increased system

loading)

man-made cavities (reduced rock-matrix
stresses)

other:

Model Types

Nl

0

Empirical model

U depth/porosity model

0 other:

Semi-empirical model

0 aquitard drainage model
1 other

one-dimensional deformation

0 subsidence (vertical movement of land
surface

O compaction (vertical deformation;
decrease of thickness of sediments
due to increase of effective stress;
also consolidation)

1 matrix expansion (due to reduced
skeletal stress)

I other:

two-dimensional deformation

1 vertical (cross-sectional)

0 horizontal (areal)

three-dimensional deformation

MODELED SYSTEM

Model components

0

PROCESSES

]

| R |

aquifer only

aquifer/overburden
aquifer(s)/aquitard(s)
aguifer(s)/agquitard(s)/overburden
other:

Mechanistic process-based model (see processes)
List model(s):
other:

coupling fluid flow and deformation

0 single equation

[1  two coupled equations

coupling temperature change with fluid flow
and defarmation (e.g. geothermal
resevoirs)

elastic deformation

inelastic (plastic) deformation

other;

PARAMETER REPRESENTATION

(parameters not mentioned are considered homogeneous in space; see also flow model)

stress-dependent hydraulic conductivity
compressibility of rock matrix

0 homogeneous (constant in space)
U heterogeneous

coefficient of consolidation {isotropic)

I homogeneous
[1 heterogeneous

BOUNDARY CONDITIONS FOR DEFORMATION

prescribed displacement
0 constantintime

1 varnyingin time
prescribed pore pressure
1 constantin time

1 varying in time

]

u

prescribed skeletal stress
O constantin time

[T varying in time
other:
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ROCK/SOIL MATRIX DEFORMATION CHARACTERIZATION - continued

SCLUTION METHODS - DEFORMATION

Flow and deformation equations are:

0
00 Analytical
0 single soluticn
O superposition

uncoupled ]

coupled

LI Semi-analytical
[1 continuous in time, discrete in space
[ continuous in space, discrete in time

N other: [1 approximate analytical solution
0 other
1 Numerical Matrlx solving technigue
U lterative I Direct
Spatial approximation o 8P Gauss elimination
0 finite difference {1 Gauss-Seidel (PSOR) 1 Cholesky decomposition.
0 block-centered O LSOR 1 Frontal method
[1  node-centered O SSOR O Deolittle
0 integrated finite difference 3 BSOR [1  Thomas algorithm
0 finite element method 7 ADI 0 other:
[1 other: 0 lterative ADIP (IADI) [1 Iterative methods for nonlinear
1 Point Jacobi equations
Time-stepping scheme 0 other; 0 Picard method

L1 fully implicit [ Semi-iterative 1 Newton-Raphson
0 fully explicit 0 conjugate-gradient method

0 Crank-Nicholson 0 other: O  Chord slope method
0 other: other:

QUTPUT CHARACTERISTICS - DEFORMATION

Echo of input (in ASCI| text format)

| grid (nodal coordinates, cell size, element
connectivity
initial stresses
deformation parameter values
deformation boundary conditions
other:

e e |

£

Simulation results - Form of output

U binary files

11 complete results in ASCII text format
[ spatial distribution for postprocessing
71 time series for postprocessing

| direct screen display -text

0 direct screen display - graphics

1 direct hardcopy (printer, pen-plotter)
O graphic vector file/display

[ graphic bitmap/pixel/raster file

11 other:

Simulation results - Type of output

3 matrix displacements (internal skeletai
displacements; 1D, 2D, 3D)

O surface displacements (subsidence; 1D)

‘1 pore pressure

1 skeletal stress/strain

0 calculated parameters

I other:

Computational progress
(1 iteration progress

1 iteration error

0 cpuuse

{1 memory allocation
0 other:
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aduildasfianTmdanldisnsadiananzay
muﬁtulifmu“ﬁaﬁwﬁ'ﬂ%aﬂ'aﬁ'umuqu UEh!
mmaau"lﬁmnﬂ’l%’é"uqﬁmml%muﬁa

24 wasgwmiliiauen1Isan1s Ny
Foyaaaiduszuy wIanguniaden Belainzas
Fnaasld maspuitldaannildldmauns
anuiuazdizaunsilunisdariiuuudiaed ud
asliuiunsdaaulevasfidermy 9
disduroaziBoauaninitaannildminuana

ANULRNICRY

3. @na1sNNeIvas

3.1 nawniwensiuIea
-¥10337% U 4 3005-2550 N3
Uszgndldunudrasinyinazasituiaiaans

& A
ﬁﬂ’]Wﬂfy‘VYﬂJ 2INWUN

3.2 American Society for Testing and

Materials (ASTM):
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- D 5609-94. (Re 2002).Standard Guide
for Defining Boundary Conditions in Ground-Water

Flow Modeling.
4. envitnale

o . . =
41 N1IINDIRAIN (simulation)  RNNBDI
MU UINR0I N DL U ULUUFNNTITNTN G
4.2 UauULYa (boundary) fla vauuSIIm
AU AIUBA LATEUT9VBILULTINDS
5 a2 . A s
43 mauﬂimﬂﬁmsgﬁumwawmm&uqu
11 (hydraulic conductivity) AU DANT AR
' ' & Ad a a ¢ & '
AORUIBNUNNLAAIINLNTLA D UARILIN UL
4.4 Gaulvvesveviva (boundary condition)

fa allﬂ’]iﬂfﬁa(ﬂﬂ’]ﬁ@li{ﬁlﬂq{wﬂ%ﬂ"]‘ﬂﬁdﬂﬂ HATNUBI

@ BN}
A A

NUNNMIIaes

4.5 L'f"ilauvlmﬂwqwnemm (hydrologic
condition) A8 saruazUsuimasinuiaalne
L -a8n %ﬁuagjﬁuﬁuaman{ﬂmma STETELIt
YU ululazuanvaILuUiaed

4.6 %&uﬁuﬁuﬁ’lﬂﬂ (confined aquifer) Ao T4
ﬁué’ut{ﬂﬁﬁisﬁuﬁwmmaaggaﬂ'jﬁzﬁumauuu
maa%uﬁuéjmfﬁuﬂu%uﬁmﬁﬂ

47 %uﬁua:’umi’llﬂ@ (unconfined aquifer) T
ﬁuéjuﬁﬂﬁﬁi:é’uﬁwmma (water table) (Jwszau
mauuumaa'ﬁy’uﬁua‘:&lﬁﬂ

48 wuudiassnisluatiuieia (ground-
water flow model) wedasiiofildidsuuuumsln
yagihnea

49 wuusiaedtinlunan (conceptual
model) W8T NIAAINURIBNTHIBLTS
aTLNEVBIAN U ULAZWAIATDITZULNINLAN

410 Wand (flux) DuuSunmnslnavesin
HuwnTidaTasenaIdanin g s nilaniag

AU NTRANFAT (hydraulic gradient)

411 FATWNNTRIN (transmissivity) UTNnm
mylwavasindueanarslunitonsiisiiauas
vxﬁmmﬂmwniﬂwaa%y’uﬁu?juﬁﬁmﬂﬁmm
AMANNTAAENT (hydraulic gradient) %ﬁd%mﬂ

5. ANNEIAQYUATAITINI

ﬁﬂﬁiﬂﬁ'ﬂmwﬁgﬂﬁawaoﬁmuv[“umammm
gn &« ' o @ A
(boundary condition) umﬂumummymu%uo
YRINITFTIUU U0 BN TN aiuaziuudnasd
m3lnsvesihuianaifisadiaaaas ¥1asgIualy
feTunuquansmzvaslonlvveuaafinuni g
1 wazlauuziinannisnlslunisdiinuawas
Uszgndld runianadraguazdedinavas
~ o o & A= a
o n T U AR IRTUNWNANBILIINTD WA
a A a £ ° P
AuRanaIaneaiatwld lunsitruaiawly
YALLUA

6. ZHAVDIVOULUA

6.1 MIBTLNVBLATBILULI a0 las T
FUNINUAHAFIFAT NI IARVBIUILIANA AL
Un@manineungldlasldaumsayiusdes
. . . X o o A
(partial differential equation) TIN1IINRDILVY
a a o & o oA
U Tuansdmmdwnuiian v UL auasd
& 4
NN
6.2 USTANTaULOVRILLLFINEY VALLUA
PpauuUIaaseTanteantu 5 wuy lawnd
YaUVALLUTNRUALEA (specified head 1138
Dirichlet) 20 ULAKULUMAUADATIANT ARV YN
(Neumann) $#3828UL2ANIFBITINAK (Cauchy)
YaULUANBRIBFIZ (free surface boundary) Uaz
YauaNwiAINYN Inadurule (seepage-face)
6.2.1 VAUWALUUAIRUALEA 819siu 1T
° ' ¥ AA A
lagivuaaaavasinuiaanianlasuwwlss
AAIAIRIawAL wIalE N unIFaILLY

A o v g P
‘V\iaﬂ’mu(ﬂl%ﬂ’]Lﬁ@]“ﬁaﬂ’m@liNmﬂG‘ﬂ 1) L’JmIﬂG]
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o ) A
(1) vaulwauLuAIrwaLEanaly &
a & o A A a A
maummumuwuvlmﬂwwLa@umnﬂaﬂuuﬂaa
J s ¥ { [ ] 1
muagnuamwﬁuﬁua:nm LI VAU D938
mwuﬂuﬁmUﬁuﬁuﬁwﬁiaﬁuagjiﬁwua'wua:
dl' 1 s 1 2’ .cA'cA =S S’ v
LmaumamJmemmﬂlmywNms‘lmmwaomm
A ' A &
WIn0angIzul MR ULUIVDILTATRAITAT
I~ v o edd o o & A
L UAMUFUNBTNY RN VAN IAT WY DINWNAN
AU DI waziaavadiiuiaalauunlas
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unaLaslaNURIN B IUTza U luusiee
) vouaLuuinuadLaandf 1w

{ o & A o o {
vouwafiimuad ulusznuAugusimaaiiad
\IATRMAATUDIAIUAUINL Y 1TU WipRUGUIND
A @ A a o & A ° \ oA
WwandanunzlaaUNdsEauinaenn ndunin

¥

A7297@ LLEIZVIJJ WRsnulasanuan wianwieh way

y 44 @ Vo da @ ad o &
u']’ﬂlfﬁﬂ&l@']ﬂﬂULLN%’]‘Y]ﬂJﬂ'ﬁvLﬂaL”ll']aaﬂﬂﬂ‘ﬂ AJINL
2 P a o (A

%GVLNNﬂr]iL']JﬂﬂuLLﬂﬂﬂ”ﬂaOiZ(ﬂU%qﬁqﬁJnaq LLANNII

WRsulassza Ui ud LA g

6.2.2 VBULIARUUAARADATINIT IAR 130
Neumann tJunIiRUasaINNT ainnIaaan
by Aa A '
NNT2ULEILIRNTNTIURu LU RIAN A NFEANW
NUALAZLIRT VOULIALUUAIAUADAITINIT PAAN

' A ° ) A
nsfigasinisndinualdnisinaafilunn
FursIfun o 11a1la g BauIwasaIINT %A
frunaliainianis g udazidfonulasay
° ' A A A Y I o o
dunis nIdnwWuLINNga Taun drnuals

o A £ o

YULUADAIINTIARLUR UL A IV WA ULIRILAE
& 4 AdA o o

ANun ‘Lu‘qnmm’nmﬂu@mauLwamwmﬂ,m

furua b dugnziasaNAEwanITUY

a9 i a E &
°Ila‘1JL°11<§lLLUUV]VL&JNHWSVLMQTE]OHWNWR 1IN
"IJE]‘]JL?J@]“?lﬁ’]%%@]ﬁ@l‘i’]ﬂ’]‘ﬂ%ﬂ‘l]adﬁ,’]LLUUﬁLﬂH ﬂlr]
ﬂ']ivl%aaﬂaﬂﬁ’]Ldﬂ/’]LLazaaﬂLﬂuﬂuJ ‘;]"Jaii’]\iaﬂa\i

fautaunuy lidnsinauesiimin 1w vauwean
lafnsBurwuasnin Lwi"i'@lqﬁmmw%aﬁuéfum
fianuwgu adelsianalunisdnasmisinazaes
UIARBIIRTMAIAUAILLUANIT AR LU L
A S v o 4w a £ =2
ladnslnavessiniiwle drdsudseansnisdu
H1upa9in 3eninsAuduinuAudnafoslen
wana1InwN1n lasn2ldusrsuiluiiuiana
(groundwater divide) (Juvauiuafivinldlnarn
LB Wit WAL gy Wudw asnglsnauautiuin
vea b ldadanuduiusainiuiaSanug uanda
MM BANATETNITHN NI TAANTATVDITURUSY
Yo X 4 . . . v ¥ o
WA durisveIsuluiiuiaatunums
AOURUBINITIRAVDIUILIAIE BAZNIST
A ' A a £ o & oo ¥
Wasuwulaians 9Niindu asnuwnsbrauilniin
vanairnaduwsuiauuu lildinlwariiuena

Waswa e

6.2.3 "Ua‘]JL“IJ@ILLUUL‘EI@]%%B%I;TTUTT]SVLMQ (head
dependent flux %30 Cauchy) lunnegawnsal
mylravasihunanariuseuwamsiaaslasm
ﬂammLaﬂluﬁuﬁuﬁwﬁamaﬁ'ﬂ'nauL"u@m'ﬁ
$1809 F98asnTInavesiuIanana il
Werduvaagauazdarnsivauysifouaunms

WREULURITBILTATEHININNTINRIA

6.2.4 VaUlUANBRIBETL (free surface

boundary) Wuvsueidnindaouulsaian
LEAYNALIEAUANNFIVRITEUIIANNTINADY NITh
Awudes léun szavituiana Lﬂuﬁuﬁaﬁag
senistuiiumdsihuszetme snemefigdy
29IV ULTALLURAD TEaUTRIARAIFIN1TA
Wasuuasle iudsszausiunazaniiionan
wWagwly
A0819BINIINIABATOLLVALLLBAITZEN

a = v ' ' ¥ ¥ =
TUHA VAU VL@LLﬂ %33398@]ai$%qqﬂu7%@LLa$quﬂu
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luﬁuqvuﬁm%nmmwﬁomm LLazaw@iﬁaﬂ@ia
' S A Y = ' A A o &
Tenisrndanazi A i In U sl a9nn
3395086020913AUAZUAN RINITAAIRUA A
uuulduvestesdantatanle wuiseudai
uTairnadusauan NI AR wY a9
#111@1a (no-flow boundary) @sldlunsdisnass
NITANT MARTBITE UL LA AL Al
gN17ziTuitlaavesi1faluuSiimsasde
A & A o & a A
VR ULURIATNRATWAUN WazIzaUiIIan
Furisang 9lusnnzidenlavauiuad
6.2.5 VoULYALUUNURINEIRaTUN1
(seepage-face) \IuvauianagsEnivLTIMAUN
Buaalntdnsnavestinuians wazdaiiasny
UITLINA VaULIALUUT wuluu’%nmgryl,’éyﬁw
(discharge zone) s‘ﬁagtyl,ﬁﬂﬁ'm'ms:wﬁ'mmm
TINNINIITLHALWIONIT IRAFIVOIUIAINANANA
& 44 & o o R
2INwA Fadumslrnaaunssliualrevinliinga
aantduuiduintafouuI9 g URRIAH &1w1T0
AAUAILAUIVBITELLIAT WARDATINNT LARAIN
Tuszuunisinavediivians lasnaldvsuia
& A A2 &2 a v o o
WUURUUANBRININ I aBurn Janusunusny
POULYALUUWKAIBRTE N13dNRaIanINgNn
sydaneluszuufuduiiawalng Tn'ldsin
YAULVARULNWRB&TE W1 bElun1391809189370
NANNTI88IN bt udaNtauNINaw b FINANTENY
' o ' = & A= HAa
donan1TdNaed aglsnauluNundnung
PYUNALANLRZADINTHANIIANUIUNALLBEA AITH

MINTNVO LV ARU LN WA Baszan ey

7. 2nAan

7.1 nmIdvruaienlave U aveInUUII-
88IUILIANA Lﬂuﬂ'umau%ﬁwaomsﬂswﬁﬂmﬂ%
LUUINRILANIZN AT glummgm ny i

3005-2550 %’umaumsﬁmum?auvlwamm@]

Usznauais

711 SAUAVALLIAMNIMEMNIINVBLLUA
A A=

YpINUNANBN
712 AALRANANNITNIABAANFEASN

wanzanduaunulunmsadunsveviva

7.1.3 @TIROULAINARALAINNE AW MAIVBI
A o o Ada by
vouiwanltluiraesneldnidindigusiainszuy

alTlelole

7.1.4  Uinlywmaninsiveuiaisudunly
° A o @ & Y A v &

Tumsdsaadieazldnaninmsigariefiaclfidu
AILNUTDIVOUIASNAUVBINNTINRDI

715 fiIN13037980U NARDU Wazwily
Uiudyrenivavadunuinaeafiaida auau
A379ROULASNIININFI VUL US 1aasaTu el
1A331% U U 3007-2550

7.2 NMIMAKAVOULYA (boundary

identification)

WumaszyveulanImMsn el
LLUU'«iWaaamivl,via“naaﬁﬁmmaﬁaoﬁmmgnﬁaa
mﬂﬁq@ anugnladumisuazSanlamna
mand vesiowlrveualuszuumslnavesin
eaiuiisndudemssauuuiaesisnana
Beadlaemaas

7.2.1 sudwiunena (groundwater divides)
ﬁ'ﬂgmﬁanlﬁﬂumammmaams'{haao Wilagan
susaianlfidureuiaafninlalvasiiu (no
flow boundaries) ldannnydiniduzavivaauuml
AANIIM T ARIRANBIRIUIAALAT LI FULTHIN
IO L% WY BI0&WN 8819 I AAINEILIAL

) s & Lo oA ¢ A
mamuﬂumwagﬂumau"l,'umwamam HIu?
o ¥ A v A o A
sudlwinanusaedandrenionietdldiiaszuy
#rureainisitineainszvuiiuiens e
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aadulaldauuinvroadudon e uiaavas

LLum’haaamﬂ%am E]Oﬁ’]u’]ﬂ’]a"i]::ﬁadeuﬂi’]ﬁiﬁ

aNdanlinIdIuniIvasvauaIonlanuly
NIENUGANANIITINNBIRTENIT a9 LIl
Jepze
722 szauiunena Wuwpeuwendaagln
TLUUMT IHASBINILIANE LaTAITAINARAVALLUA
TLAUUILIANA IUBUUII889NNT ARV BIUILIANE
NIV IERANEIT dunrisvaIszautin e AL
liasfiuazaaningnidudisimiagyifeiian
szuuthunanale (source w3a sink) MIERUA
PauLwaaTuyle a9t
(1) szauiuiaasansainualde
YAULUAULULIARIN (constant head boundary) lu
NINF1809INT MARVBIUILIANALULITEAVUNAIN
. . & ° AN A
(steady-state simulation) wasiduuuusraen lud
MIFLINBENINTZUL
@) i:ﬁuﬁﬂﬁauawgﬂﬁwumﬂu
YaUIIANWABETE (free-surface boundary) lunsdl
g o ¥ o | & o ¥ Ry
Aszausiuiaadad iduszausinluaini
(3) saushivnanaaragnitwualiv
YOULVALLUNWAIB &L (free-surface boundary) i
v o
MIFYLEDUILIANANNIEUY lasnNIANUTTRY D9
& x> = & Y o« Y
Hulshdusasedudnduagiuszauiiunens
gauwaiianldsaniduvauizanisnazasiin
{ g/ 1 ar :’
'ﬂm@muagﬂuamwmﬂmmaam (head-dependent
flux boundary)
@) AMUNIATUYITZAVRIVIAE
RN I UAIN UV BINUANT BB IUILIANA
6% (flow surface) laf lufinaifandaningszuy
(5) USIMARRIT0ITEAVEILIANA
° o A A a 3 o
suIniwsaliimaianieguifeild lanns
a A a ¢ o & a ada & PN
LwWiag@mmmmauﬂu‘ﬂsmmqwmm@mulwu

UMUK E)

9

7.3 e wanuuinaedtdualunuuaINun
= o ') wa A
an'ld lasszyldanguani@iienloniszs
head)
WUy

&3 lawn LuuinuaLaa (specified
WUUAIAUASAINNT AR (specified  flux)
ANABALTATAANTASTHEAIIN1TINS (head-
dependent  flux) U WA B a5 (free surface
boundary) wia Aufafisiiunanalnanin

(seepage face)

74 mamwﬁLﬂ'ﬁlnuuﬂamwmsguﬁaﬁa
f:’laaﬂmn’iwu‘b{’]m@]’la (stress dependency) fa
NIAIIIFOUANNTUNUENLABIT 89529319
maumeﬁumiguﬁwaaﬂmmzuu AITIATIER
anusanlnIvesve UIIATRAN LazNTNARDY
mammmﬁﬁu"maﬁifuagjﬁ'umigmfﬁﬂmmzamﬁ

lFlunsiaasnde bl

741 @989 UWANITINRAILLUAIRUA
. Al A
139 (specified head boundary) lifimaasuuias
wiinsguineanainszuy wa banIwA UL
'«J'%ai:uuﬁwmmaﬁﬁﬁmiguﬁ,w:mmlﬁm@ﬁ
i o & ° Aa S &
maUasunlae muu‘lumsmaaammigumm
lamaunzaunazinTo U aRU USRI UALIaN LT bis
ANBULAINUITINRUAVOLLVARLLBATINT AR
@ ° = ' A
AN I MAVaILUUIaeIR Il RsuuUasaw
msguﬁﬂmmu?ﬁmad é’aﬁuhnstﬁﬂﬁmsgum
ANINNITULAITAIIARAVB LA LU U 1809s 0
¥ -
LLuumigummmumuLﬁauvl.wa‘uLw (stress-
dependent boundary)

(1) VOULVANIINIBAIN (physical
boundary) \JUvaLIIAVBILLLIABINUFUNUTAL
FNINWITIUAZIWIAVBINITFUUIINTZUY 'l
J2r319NANTE889 W i rwalanrIatn

NANIBURNNUT AUV ULYALUUAIAUALT A

(specified head boundary) Li'iamiguﬁw"l,&iﬁ
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nansznuad 1 ivesaydoszauialunsdi
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stz lausaivnaldurauaLuuiIRua
wald 8ndald udiharsgnimuaduvevivae
v { & Y
amwm'ﬂmquﬁ"uuagnmaﬂ"nama@l% (flux
dependent head boundary)

o A & & Y

2) mLaauhmamwuumuagﬂumi
gUWI8NIINITUY N1331889A25NN1IATIAIRAL
mmé’uﬁufuamam:mmaaguﬁmasz‘uumi"lm
A AV o ° caa =2
WA BKAT I NNITFAUI ARENENNTINANITANEN
MIFUUINTIATINITFUUANGIN R NG D
WUUF18099T0 I aRNT0TATTRANNE B bR

LUUSRaIR BV LU NN AUARE

o

7.42 waIMLUUINeedliLand1sndnda

Talunmeasuiu

75 waﬁvl,é’mﬂmsguwwaau a3l

USuisunumIinaad

7.6 msﬂ%fuﬂ@aLLr'T"L"umsﬁmumam“um
LUUF1889 A larasanndn1TiaIziaIy
' a o & . Y A
dou b LLazmiumﬁJuﬂﬂmamsgumﬂl"ﬂu
N1508NLULRI oA AUATAL VAL BILLUT18a9 1Y
e

8. NMITIANITILIW

NIIANII891% E]GL?‘}H%VL“U"IJ ULYAVBINIT

1809 Usznavaae

8.1 ATUNUANHIUZENTNTOLLTANIINEATN
AUTITUTIAVBIARALAZaTUIINTTUINANA
AnduanausMaL e

8.2 a%mmmmmﬂw"lmﬁ']ﬁmsgm{']aan
NTTUL wazaauwafilFluuuuiisasudazsfia
NAFDULAZILATIEHANE U 1K 9VBLLUAV DS
LUUSI884 msgm{ﬂaaﬂmm:uu WHunsdifid
ANEIATY IWTIEINITRRATA LI AULLT AT
LANANIINARAINISILUTITNTG Ad5TAS
L@IBUNNT IWMIINRReeLIUARENITENATES
ielwlduauiwafimanzan uasvinlwnafidwim

1d9n

9. @1d1A

A&AY (key words) dmTUMIFLAUTOYS
Fumssmneionluveuiwavasuuusiasinis
Tnavasirurana leun ﬁué‘juﬁ:w (aquifers)
L'ii'auvl“umamw (boundary condition) WULINRAY
Fuiluin

#1119 (groundwater model)

(groundwater divide)
10. @n&13019D9

American Society for

(ASTM), 2002. Standard Guide for Defining

Testing and Materials

Boundary Conditions in Ground-Water Flow

Modeling, D 5609-94 (Re 2002).
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1. Unw

mmgmmsﬂi:qﬂﬁlﬁmuﬁmaamﬂm
maoﬁwmmammmwﬂmmmaa'ﬁuﬁ"l@i”a%mﬂ
ﬁwauL’umjaamiﬂi:ﬂqnmﬂl“ﬁ”aﬁ:éwﬁmlums
ALHUWITH LT msﬁmu@f@qﬂi:mﬂﬂﬂwﬁo
NMIMLEBANANITINADY UASUNBNITATIAREL
LUUS1889WEIN1TAN®A wantudaldin
mwé’nﬁfymaamiﬂi:qﬂﬂﬂﬁ LAz uAaUNT

AT é‘auamlugﬂﬁ 1
2, 2auLIa

2.1 mmgmﬁndnmamquﬁomsﬁmaa
milnavasirldan Fsdrinmslnsvasinldan
S’J&Jﬁdﬂ’]ﬂ%@%ﬂdﬁ’]ﬂ’]ma (groundwater) ‘L{’l
Tu@w (soil  water) Vl,m‘zﬁmﬁv'ommﬂﬁaglu
ﬁaaiﬂdlﬁﬁuﬁmawmmmﬁ"l,aj"lﬁagﬂuamuz
1«{’] (nonaqueous phase liquids) mmgﬂuf:%
Froiuanudlaludnngnisainisnases
283 1 RaI1LIUHNANITIINARYBINITENTIR
nasurnuaznldnguiifeaiuaeda
qmé’nmmzﬁ"[ﬁmﬂmié'qm@ HaNNSANEN A
ﬁwvl,ﬂgim'iai”ﬂaLLuuﬁﬂaaomsvlmﬁﬁﬂs:Iwﬁ

LLRSLANICRA

22 mmgmi{ﬂixnauﬁaUﬁ’wﬁﬁtyzﬂ'amﬂ
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21URAI LA LALRNBIULITINUATW RIBULUINRD
Fendamaniaonansliluinge 7.4.3 Sanasguil
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23 waspwitdasldnanisluunasgiuaiu
ugiiivatoes ladun nizuIunIdszyndls
wuusaesmslnaiuana (W1e33% nu U 3008-
2550) nazuum It Iuaiawluveuine (aIzIH
nu 1 3003-2550) N13ILATITAAINNB A LHA7
(@933 U 1 3007-2550) UazMITyUITIEIIUMT
Ui:qﬂ@ls‘l‘*ﬁl,l,uua‘iﬁaaa (¥19337% nu 1 3008-2550)
fauduneusug Uszney domisnouuuiiaeds
uluwnest wazmsUsuifsuuuusiasslagsiuseins
Uiuiisy midnaesezgnilSeuiisunudeyazes
ﬁuﬁﬁ?w] (11a331% U U 3003-2550) LT EPTIDS

24 wrasginiatursfenisdszyndld
WUU3IRRd Tas1navaINsltuazANNRaNaA1aUD
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Tdsunsunaafinaasililuuuuitsssedrelsna
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g‘ﬂﬂ 1 BN WLRAINTELIBANTIANN
wUUFaeIt LI ATIndiaEas
(Aaulad91n ASTM D 5447-04, 2004)

o a a 6
25 WUU3IRITIAMAMIRAS Usenay
o ' A A0 o o
drumaddInae lsunsunltuiaunisnig
PN & A & ' o A
adlaaiaainIaTanuad wazngudayade
UsznaudianisiaasntlaudnuiNassns

o @

A A a o Ko a
HewlwvavwauazFauluisudu wenanfidaldoya
ﬁﬂuamauﬂ'ﬁmaaé"mmumsmaﬂmﬁm

26 103310 lALEUEITVUNIITANIITILIIN
Tayaniagavasmatonuazlilduuzinsldiani:

=1 dl‘/L 1 U = =
nytila ez lisuninldneunums dnwvmse
Uszaunmisol uazasldaiug ldduduuzidivas
Aoy ldarshianasilddszgndldlasane

MINNTINTIRNBAUZLAWIZAIBA 9 Daslasans

3. @na1sNnNyIvas

31 nauniwensiuana

- 410337% U U 3003-2550 NI UA
Sewlrveuwevasuuuiaaimslnazasihmena

- 919337% Nu U 3007-2550 MIATIER
anwdanlnivasninlinesvasuuudiaainsing
va9iLNaa

- ¥193537% nu U 3008-2550 N133AHN
5'1mmwamsﬂszuqnﬁ’l,’ﬁl,l,uuﬁmaan'ﬁ"lmmaaf:']
TRORD

3.2 American Society for Testing and

Materials [ASTM]:
- D 5880-95 Standard Guide for Sub-

surface Flow and Transport Modeling (2006)
4. dnvitala

41 NITUIUMIANABAAIAS 9 (deterministic
process) unszuaunsiaanugunuinig
AMAMEAs LR UITRIIRIuUTBasT LA AL
anuluszuumMIfiwIm

42 N1331889 (simulation) @8 NMILRBWULLL
sysumalasnislfldsunsuneafiainesninana
aneas auysal smﬁy’amsﬁ'}L‘ﬁﬂttasdowaﬂuaﬁaga
@99

43 muiiesnannszuy (sink) LT guﬁrw
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4.4 n1vU3uLBy (calibration)

5’@1ﬂ'ﬂ'«ﬁwaawwswﬁma%maaqmﬁitﬁ%m LT
Giwamam‘“uaaﬁuajmﬁﬂLLasz‘E‘au"l“umaaL'um’um
U 31889

45 MIAUUUDEY (random  walk) LT
M3s180INIsARauiuaInIass lagfinanw
fﬁwmwuaam&mﬂﬁ'ué'@mumaaagmﬂﬁ'a:mﬂ
Tusin LLazmmuszﬂuﬁﬁmgmﬂL°1T1mu,a:
uwsnszaneeanly

46 MIMALULAIA (steady-state flow)
Ao M3 lnanuuauwdsa1a g 1w anusa el
Wagnulasaum

47 anuuNwd Ao miﬂizqnsﬂ‘*ﬁuuu
§1na9fidaruaziBuauazeanuuutinald
1ﬂ§|,ﬁmmwm’%amﬂﬁqﬂ

48 anudanlng (sensitivity) wunns
NAFIUNATBILULIINBILALTEAUNTLU A
LLaJaaﬂ'waaﬁal,l,ﬂiﬁﬁu%;juum‘imaa LT
Tayadulaseimegnnosdling quaula
memamans uszdoulvrauiaasuuusisas
uan

49 Gewlvwaviaa (boundary condition)
Lﬂuqmauﬁamawamm@maaﬁuﬁﬁmaaLﬂiuulu
slvasmunIAdiamans

410 uwuUd1aad (model) tJun13TIUTIN
URZLIUUITILUIAG (concept) LHINENTWLAS
N4eLATTaITEULENNINGT lugduassuns
minmamaasugastisnnudilatisdsngnint
NNTTINTNG

411 wuud1eedadiitazy (analytical
model) tflunuyusaasfitisatumsuianns
ATLANTINTINA LaENITLAROURTBINIATT

lag3Bmiunagas

412 uwuusiaesnislnatiiuiena (ground-
water flow model) fuinasdafilddmiusines
gnmwmslnatinnanalanz LR g

413 uwuudeeddiadiaaaas (mathematical
model) HuuuuinassnisEnsusaunisnig
AfaMEAsNLEAITTULMEMNLazYsENaLdIumMT
fnuadodufingruliiradu Sn1suaasszunnig

MUMNIULTIARAMENS

414 WUUIRDITIAILED (numerical model)
& ° PLIRY o Y o ad
L'ﬂmmumaawlmﬁmmnaumiagwuﬂ@mﬁma
ALY
o a e € & a
4.15 LLU‘]J‘-U’]QBGL‘ITG&JI%V]?I% wn1Iaau

%‘%amsa‘ﬁmuﬁaqmﬁnwm:ua:wai’mmaas:uu
MEANW

416 Wan391804 (output) Ao ToyamInizany
MLAZUTIAWYBINRIONAINU WAz TzULTaYRd19 9
maas:uuq‘nﬂ%wm

417 AFmImnueamans e (method  of
characteristics)  LIuaTnsuiaunTayiuiaInis
NIUARQARIDAI

418 ATN1IAIBIMHLTIAILAY (numerical
methods)  tunsudaunmsaunuslasnsunud
aumsamgﬁufﬁaﬂaumiﬁmmﬁm%mﬁu

419 35n1sdwissuu W luriawinasisud
finite-difference method) WW3TASLARNANTAILAY

9

T,@Umiﬁﬁmm%oéﬁLaﬂuimmﬂmumagﬁuﬁ
datitasduanlaidaiitosuazuiarainlsa1uisnig
Tz UNINIIAILAY

420 Armsdiuwrmmiuy I lurid e (finite-
element method) LWITMIUARINIAILAUAE
FFNTEIAIEY LAUNITRITEUL AN IANTATRALT
EPC RS LRI IE IRV LE MDY
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51 wuudtaadiduiasesdenltasuuyy
wazdsziliuidgwivasiivians wuudiaeald
& a A ° & v °
Wutasasdalunmsdrsaiasduiannisdaiig

oo A @ o & o A '
maswlddialilddayadasduiianain
A139:813790:2 13119 wIeealdaanisal
' @ a £ e
arartineslserafietuluauiane wanand

6" v o a 6
miﬂs:qﬂ@lmmumaawﬂiﬂwuvxmﬂ
ULNT LU AUNOANITTNVBINT IRATBIIN

a oA a a a
%‘JﬂLWaﬂ@lﬁau@'ﬁ?ﬂﬁaﬂﬂfyﬁ”lﬂﬂ"lﬁ]ﬂzl,ﬂﬂlu%u

52 WUUIIRedEaNTnatuNuRTauEad be
watoyluuy i mﬂmluﬁuﬁﬁgw;u Jau
Iwssfuyunialusosuanvasfunislnazas
2091987 RaLABInIevaNaInaneTha
(multiphase) anunainguaziasnsuiaunis
nadiacaaslugiuuedngg

fumslnavasaananassianionnu

onaflvaImaINlguaNTANIINBAIWIALLAT

'
a '

AUANGETIINY LTU VBILKAINTANNRWILUL
1 Qs = o &) U A o dl ]
AN9N umwmLﬂumaﬂmmﬁmaamqamﬂ

J v A A o v
muu,amaamanimmumaaal% FANNCRY
o ol U

6. @Nda1an Ll,a&ﬂ’]ﬁsl'ﬁ\‘l’]%

6.1 N1I3180INITLARVDIVDILRAINI

o o

Jagainand iuiimadszgndlfuuudiaatuaz
a % A A A =
ImIshaasaslananansntisanmdynizes
i ldanuaziiuiatsuaznistafewiivasnas
8136199

62 nrdsziiindgwindaiugsoind
anusnduazdaslduuuiraasndnmsuidgm

A o { o o & .
mamumﬁmmLa"uﬁqammmmufnawu LL6l

fvaslsfianadymanuduau uazmadsegndld
wuusraasarsiarsmtennudulllduazaina
whlalugninsssuan@ wiamssinauuudiaands
ulurieiligndas

6.3 i’mqﬂizmﬁmaammgmi{ Woazunzin
WA UTIW AL UMISIAaIM T Inava R
WazaTuI8DIITNITRINBILAZNITIIUUNLINUDY
ATNMI3889

64 WAz Iuiinasazsihanldlandyjiads
QRREG LRI RELK %%aﬂizﬂqﬂﬁl‘*ﬁl,l,uuﬁﬁaaaﬁ

Cartarnalti ]
7. UsznzasnuuINaas

7.1 NMSRTIILASTUABUNITRIIILULSI8D
LI un30TUN8RTDNTTUWINOANTINGN 9 VDILAES
iunananawIaniile

7.2 WUUFI889VILARIUILIANE FINNTOLLA
panbalu 2 nau Aa My avaIvadva luIauLan
(non-continuum) 13w JasuanvasfuLazlnsluu
Judu n1slnavesssnaiannisowyssandunis
Tnavasvaanarsfiaiden (single phase flow) &g
M3 azadRaIRaNTRaNTaun% (multiphase flow)
NI IRAVBIVBILRAITRAALALT 1% NITaveItTa
Turudn LazTuRAUNBNAIAI83N (saturated  zone)
fIUWNIT HARVBIVBIRRINTONN Y 8130V ILRAINS
AmauUanIInIenINLAzIAl NUANANINY LT
YRILRRINVANAU L UUA1ING LT Uen

7.3 LUUINRIEIUIADEINITNINRBINT KA

¥ A v & da ' =1 =] o
°11aamlwuqummgwgm:mwL&Jmlﬁ Faldauns
AILAN (governing equation) TINHUFIKIINN VDS
5D (Darcy’s Law) MAUNIATINT ARUBIUNEHIY
™ s dld =3 v a = =)
mqmﬂmmmammeﬂmalmmiawmﬂmumw

v o & A o o Ao
‘meqmnmamﬂumuam@qmnmqmmmw;u

JeRINNAWS (equivalent porous media) faagnalsf
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7.4 Ussinnuesuuuiiass uienuning

LLasz]aﬂ'i‘ill“U DIMLATNINETT

741 wuuinaesnlfdiassnizuanns
(process) UsenaumauuuiIaes 4 uuy laun
wuusaesmsmanessasnas matnfauiives
F1I8ZANY WIaNINENT NTLARauTivaInIIL
Jou LLa:man'a"Uw,l,ﬂaagﬂ‘s'wuaﬁ@qﬁaﬂma
(Mercer and Faust, 1980)

(1) uwuudiaadnIinavedvading
o wusaesfiounensaswioufisafiuenii
@2uLls 1% ALaa (hydraulic  head) @2UAT
(pressure) wiadng (potential) luﬂirﬁﬁﬁmﬂﬁa
PosvaIma MM eTiia (EumInite g Aldamsy
Yo naIThALABINY)

(2) WUUAIRDINITUNINTZANLDY
U887 (solute transport) LT NMITINDINIUT
gun1sn13lnavesinsiutunisudguns
LL‘wiﬂi:mw%amwLﬁuﬁumaamamﬁfuq
Unfuuusnaassfiaiazlduitlymiifoadasiu
MIGaITR e mssansdwideuvasundasia
L8 MsUNINeaingy wiamsduas
annAulaauludu

(3) WLUUIINAINITLNINTZANLUAN
ANNTOW (heat transport) NLTWLALINUNLNNT
LWINITINPVAINIAET GaIINNILAFUNIINIT
Twaveesinunana sumsiisatunslnases
PoamaI NIz A sIM IR DU sIaMuEIILLL
wazmMInIeNTou wuudiseufsiuanuton

Anazlluanunstssii S i T0 U0 LA

WRINUANNToULAzMTU T 21U AR INRINUANY
Sou 1uen
4) LLumﬁwaaqmsLﬂﬁﬂugﬂiﬁwaﬁmq
AN n’mﬂﬁﬂuLnJmgﬂi'}waaﬁué:mmmmsn
188937001 KUVIIRBINIT AN TNNTTINKNNITA
AU UTINA LAZUIILAK (stress and stain) Va3
(=3 0 a A & 1 a % a
dauslufin Islunsdifnwwindunia nsdadiuaz
NIAFIVBIA
742 AINUTALIBIBILUUINADI (model
fidelity) msltuuusaaslunisarsniwanaduase
Tusssum@sursavintalaslfuuuinasslunisnsan
iagaﬂ%amuﬁﬁiﬂLﬂuI%LLuuﬁiﬁaaamiﬁﬂmm%a
adaenaas uazltlunidnasszuuresiuduiiuaz
i:uuq‘ﬂn"?ﬂm
(1) lumInsandayadiag uuu $1a04
Aq o 4 A =
Alsdnsaniwna g 1 ihefnsaniwnmenmanw
“naaszuuqﬂﬂﬁitﬁ’i'ﬂmmaaﬁuﬁﬁﬂmwhf{u i 17
ﬂiaa"ﬁagaﬁﬁ‘hlﬂuﬁaﬂ‘*ﬁ 2ONULULE18BIAI129 NID
o A v ¢ d = IS o
wuusaadinlunmiiiednsanuduldlduas
1As9ms
Yo a a [ 6
@) TEdimondiadiamans matszgna
1’3LLuuﬁ1aaa’Lun'}saammmﬁaamﬂmmmqum
Aa A A A ' '
FIINGN AaLlalMIU Ao UULAITEIRNINGAT ) 1%
N3P EEY MU R ULURIVBLLYAVBILAR IR
WITVLADTUIIAIVDITIUY NISFwIDaAaNha199z bl
JududasnInnuuluigInIntn 1w l5@nm
ILUUNITIZUNYHEN ﬁnmn,mﬁial,aumgh:uu #3813
LWINIZANLVAINIFFTLITHS
(3) msﬁmaos:uuﬁu@”uﬁ'} tJwns
$180932ULNNINEN W R NITUIINITTUULAANNT
wasuudasezlstheluidne g uaziand1s g asi
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(@) NMIRIWULUINEDY LUUTI8DI
T ele fa memunw (physical) M3
WisununsluazesnszualWdln (electrical
analog) uazAauNLaLs
(5) WULUIIABINIINILATN
(physical model) i TNIUTTINTLAEUMT WA
2891 ImaduRldaTauazugastianms inaved
iluanmnesnslunaguu
(6) WUUS1ABILOWWIAEN LU
o = P \ Y =
dmesdIouifiey 1w mylravesid@nsnain
M3 MaUaINTzua WA
(7) wuUIIReINAIwIMLTIA N
& & ' o A A v
maas ilunguuassumimulddenlaniada
a { A { a & va
sunAgnuiasTursruIumIiiieduneldia

a

At

7.43 mae3uulasiinineiuuuineadds
AMAAIFAS LTU WUUSIARIGINasIAaAN
(deterministic) WIUUUTIR0UTIRDANT
WULIRBITINNIREIID

o a fana A %
(1) uwuuinaasfinesifiadnaylana
Ausnan

A a

(2) WUUS188ILTIRN® (stochastic

' '
1A o

model)  Liuunndaasnderninduougs
AIBWITAITNIAIN T AUINE 1B IRA12 D
A eaa ' ' & '
wisaasntanlininan wazu1InTe b
mmatmmmqwama%mal"lﬁﬁaﬁfmmuﬁmaol,%a
anaunzlinansadnaulwmBetredndneg wie
WWugremilaniarinasd waainisnizanu@1vas
WMNAaes
o a a 6
(B) WUUIIR0ILTIARAAIRAS
(mathematical model) wuUINRaITIAMAMEAT
209TUUNMEAINTBIRNUNA LA 9 ISuduae

maaisanutlangfnssuneanionineas

sruvihunena mmé’uﬁuﬁ’maam@qm,azwaﬁl“ﬁa‘?ﬂa
wuusraesdsnluradfiinldszuuiiauldanaa
grwsumslnavesinvianatiu Undszduamlas
AN NAaasvasaNuandnslud1vaLaada
328NN (hydraulic gradient) ﬁﬁwuﬂﬁﬂmdmﬂ%a
maaﬁﬂumﬂﬁ"lmmﬂﬁunne] AaN1d ua&IMIUMI
Lnaoniivasurassiazatoluin Tnsazansuas
vanfiimaasuudasd §Aonefiszwitesaad
AUteny WanTrUAuMTLUA BuLLaanenenIn-
1af Gepndenisdale deruaunenewazuLag
MNVUIBNITNIINIGAINEY LT% JUULDULES
amamaas I dudasinldiudansswimuazi
Fasriannuizan waziinswawiaunislinig
unnirasaulsengg lugﬂLLuumaoLLum‘imaaL‘%u
AAMEaS

@) wuuReudiamiamaasainlnnas
ﬂi:ﬂqﬂﬂ%ﬂzﬁ,@lmam‘%ﬁw%aaaﬁ%lummﬁaums
OUNUT 1% NIUAFINITEITLATIZA waznsud
FUNNILTIALAVRIBITOWANITAVa VLA (boundary
integral)

(5) NILAFNNIT &1N1Tad W e
lasasilinnaanunatgndas 15w aun13as Theis
(luﬂﬁigumaauﬁﬁ) yasgumInsinanianala
gl

(6) LUUI180ILTIALaY (numerical
model)  lunsdtfgawmemenwuesiuiiany
sjomﬂmmﬁaumﬁofﬁﬂLﬂuﬁaﬂ"ﬁmsﬂszmmmﬁa
@AY (numerical method) 1FuAauMIRIMINTLa8s
lunsdlvevinavainmadwi syl ugnssan
anka mwLLﬂicTwawhwwmﬁma%maaﬁuéjuﬁﬂﬁa
FOUANAZINA g muﬁamsguﬁmaﬂmmwu

wazLANEA 28
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(7) A5n"3 analytical element
method

wsEmsfildwannsudaums msniuaes
AM B9 analytical

@) My lurianinasisud (finite
difference method) UUUSNa0IEIRdamEaRITILE
lun1391009n13lwavasiiuianansaznns
UWINITALBINIaEIUNzlE MIunywives
gun15lasdt MW ludawinesisud 555
@Taammﬂ_ioﬁuﬁaam‘ﬂugﬂﬁlmﬁﬂmﬁﬂ6] %38
Lﬂugﬂﬁm‘&"ﬂuﬁﬂmﬂﬁ (N7 3 U&) Anunig
LAZAUIBIILANGIN KA N1TAIRUAAIVE
W'mﬁmai‘mm:ﬁmu@manmwaagﬂmﬁuu
(block-centered) 730 mdmﬁlﬂu (mesh-centered)

9) MIMABANIINALABIATINAN
289 n3aUFon WiaunaesaFoninluue (node)
Fefidnan wIaanuiduvesuiassianTo
Al drnindiaesinariieziinifinaan
anuldsasndauden vautwavestiiezlilna
NIBAATELVINIA LRZFNNITAUAA1289180
vulnuala (specified-head boundaries)

(10) A1sAInmanwiIIdiaes
audng nadunisaziiiuga (Ivua) Aeans
2BILFBYBIYUNTA nsdiiinsAnuaveuLYa
Mudsziruaunluae

(11)

element method) MIFIWIKAIBATHIZAANW

I3 IW I8 R U (finite-

ﬁwajugﬁumsaammuﬁ@ gﬂiﬂwaaﬁuﬁaw
wdatduzy 3 masunsamnanuild G
drurnlunsdifiveviaaiainalisinauaas
witTynlad 15w nsdiuuisenidon (fault

zone)

8. Yaanyfig uvaILLLIIRNGY
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o & o Y ' a
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& A4 a o @ o o o o
wungalianudagandnivgliiundiass
9. FHAVRIANMNHANAA

9.1 ANUAANAIAINNNITAAA (truncation
error) MydszanmeIayWuS lag Taylor series N
daiaadtas 9 sanin e Aananale

9.2 anuRanaattasandanafioy (round-

' L U o J ' v
off-error) MIUszanmananazdasmrunadninsauli
WannuRanaraldrnlsannnnsdszunmuazeand
NGy
U
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NANAA N1331aedbunIdinan I wsITNT@Ra bann
AU Dua39 3% 31809 2 U@ wdan IWsIINTAL T
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Jruuuen

9.4 ANMVUAANAINIINNITLLINTA NITWLI
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n3NUaILUUIRaILTRa e anvIe Inainly B9
MlmAadaRanaiavaInan s wIasle
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12. LON&13D719D9

American Society for Testing and Materials (ASTM),
2004. Standard Guide for Application of a
groundwater flow model to a site-specific
problem, D 5447-04 (Re 2004).

American Society for Testing and Materials (ASTM),
2004. Standard Guide for Subsurface Flow
and Transport Modeling, D 5880-95 (Re 2006).

Mercer, J.W., and Faust, C.R., 1980. Ground-Water
Modeling: An Overview, Ground-Water, Vol 18,

No. 3, pp. 108-115.
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3.2 American Society for Testing and
Materials (ASTM):

- D 5447-04 Standard Guide for Appli-
cation of a groundwater flow model to a site-
specific problem. (2004)
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American Society for Testing and Materials (ASTM),
2004. Standard Guide for Application of a
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problem, D 5447-04 (Re 2004).
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WIIABUAAIAWALTUE LU LT LITIAY AT

aaasuoIi T lnadusindusud arurinliszeauiin
vagasdnsfianuuandn

10.4.8 LﬂuéaﬁﬁiumiﬁuéfumngﬂLLuudw6]
P8INTINTLINVAIVBIQUANTANIITAAITAT
(e20tn91tw Afdwitadsaiu (homogeneous) 14
Audini9) uazdrfaudndulwuondulan 1o

a A o A a
WANLALINIF9 lrununtiwly

10.4.9 IRINTANIUIITOUIVEIANNUFN-

o ¢ ' . & A= v o A

WUFIzni19 residual  luANundns 1¥vinnsiden
wisltaasinanalslunisindnveswuusnae
fnualouluilasdaaNrinuasIniNiees was

Ususasidandaseninglowlidaiiias

10.4.10 ﬁﬂLLum‘imaoﬁuﬁmmq\amn@iami
USuipuuinanawzidiszauinasnunniinly
d' o va ' a o‘d' v vV o
FIMIARHANTENUAOHIANTN L6 LAHAINITATIIROY
WUUS88ILTIWUIAA (conceptual model) nid Lﬁa@
TUUUANAUAVOLLTAIZALINAIN (constant  head
boundary) % astdunuusannisinandd
(constant flux boundary) MIDUUUNRUNE I (mixed-

type boundary)
1. mMsdSusudalula

111 a1sdTuinousuuaaluwad tJunis
Jsuisulasldldsunsunauiaiaas (computer
code) lunmIdassudazaalisunsuaauniiaeivin
a a o gdN v o [ a

nMUSouisuraawsnbenuinunsdsuifsy
(calibration  target) uaziinvUTuidReuwadradn
TLUURINITITLADINUNLLN AUNTLNI residual Jen
v dl ad o a Qs WA;A 1 A
UGHIER 3TNSUSUMUBULAA I WIARE 2 agng fa
direct solution L% indirect solution.

11.1.1 Direct solution lEnsivualnaives
auﬂﬁiatgﬁuﬁ (partial differential equation) W8IN1T

& e en ;
lva lasduagnuqmuand@nissaaiansa

Wasuklad wazdrszauin tJuwislaasluns
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uitgnn leagldaunisadiaaiaas direct
solution diaslFiihwunoyUsufisunnlnua uaz
Tasnaly direct

. a @ A
solution  Fuwrliwlizdes

(instability) Waleuny indirect solution

11.1.2 N1 1nIE1 9 V89 indirect
solution &x1TAvbR eI TLaaTiT Wi
o gdal o . , A o« W o
NAAWINAU U6 residual  bzrsnvansula
madsuudasvesdayauazwinlina g
J 1 =Y = &
Juatinum3 optimization $#IDITNNTIANS B9
Taem U nonlinear least squares optimization
nsdsuiisusuuaalud@laslaldsunsy
AanLaasawlnadwluy indirect solution
112 @238n15USutAo Ly Y manual
calibration NaWbENIUTUMLULUUIA LA 2%
¢ residual %38 residual statistic  IWTIN
gaNsUle nslemsUSuiisunuuaalulanon
N &, 9 o edN ,  a a ,
1337180994 bR bHAANWTN LRI BT w30t

aaNaNUT w39

Ao

113 #RITULLUINAINRI 1 MIuNII-
A & o AV . a A '
Aaasun waawsnlaedusnialiassaw
& a & a A
A NL T naTInu sru1Tanantaeslalasnny
Uszunmdarnindiaasinusunsanlundazass
v A a ' ed
P2INIUTULALY 13NN TLeasNTaNw
daulmidaunudraasunndiga dradaitu lu
o Aa . o a £ v &
wuUF1aeInansNUssantnssaulwvindunin
5 1o laafan residual  Haudanlbrnidanis
AN IRINFUHIUNINNINAEIMTANEN A% A7
3 ﬂ'waomsLauﬁwgﬂﬁwumimﬂummmu
{ @ a £ @
Pz ANNITA I IMmAIFN Uz ENTN SN 1A
WTUEIN INUUAINNTIANEING 3 Imuﬁdgﬂ
U BaINARUINTUSUAIWITIT LR8I
A o o A
godvnaltlunuudneas wazn1TUSUASULULY

o luNALNaA 1 UIMAT optimal  value #1%IU

a fg; A & AI dl o | v
WNAeasNInNa wuransabduiinsndulunnsls
FFNINNENMNITIG RN I AW TLaaShAR:
M lundazATIvaIMIUTULisY

114 VI9ATIATNRAWTLATNALAED 91NN1T
draaanTanimes hiflanwdanlnadatoyarindn
WRZWIIITLABT UG %aﬁayaﬁwvﬁma:wwswﬁma%

1 ; 1 = =1 L= ' 1 1
Wa R LN T b ElwasUSULi sy a2e819LT % @
£ a AF =< 1 v :’ =3 d?‘ dl
Fudszandnsduswlauatinlulawdn g ludui
LLumimawumlmy' ﬂﬁl,ﬂﬁslul,l,ﬂawhﬁa;daﬁ%ﬁﬂ
Tulauang haanansznudadn residual LiNEg
=3 v o 1 g; 1 1 1 J c.‘ v A
wwnitasludiwnieniu walinsznualununlnaides
midszfuanudawlninuddaayluiandezasd
YRILLUUINRDI g’LuLanmi D 5611

115 msUsuiisusuudalul@lasldsunsy
naufalaes andumstiiunadiauimaYNLaneI9
U84 residual Lﬁamiﬂ%'uﬂ;dmmﬁ-ﬁma§91ﬂﬂ15
o 2, % A & o ' '
mmml%ﬁmwgnmauwwu A2ae9uu 1hnune
USusunnendainunTIadInIadunild A233390
srauanumanluiuuiiaesiawdiniisnsias
wana9nw Myzauanusagilunisdiuiiauen
JeaULazaaTINIT IaTatd v sUTu syl
s 6 A a
EELHEERA DRI

11.6 NIMANKINNNNTUTULABURUU A Ll @ b
ANNERNAIBATIANNANULT 1T daslnIinrue
I iaaslny 13NN ULLLINRDILT
wAANLT M INAUILULI R IATarEaT &UMNT
ABAAIFATUIIFNNITRINITORIAUATIIAINT-

finosnmunzanl3le dafinan1tluda 8
12. MTNLIBEA

121 SaLa3oNsBn (Wrasuwnitslusneen
wulng) Aedudtnsusuifisuunudiaes 35ms
Jsuiisuuuyuinaesldaturaluenaisunsinlu
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122 dwuadwanediuiieu (calibration

target)  wazNafitnNNzansaNTUldvasANa
= a KX ad o 1 A v Y

WiRe aTU18NIITMIIRUaAINaIARe LIy

123 ydanduiifenltluiuuiiaes

o ° o A A A '
vasdayashudMifounlas uazasnazning
mMsUSuisy

12.4  dnaunanstdTouiioudidsum
LLa:L%oqmmw izmwuum"maoﬁumf*ﬁa;&aﬁ
Ja'la lagldisnisidSuuifiouluensns D

5490

[

13. Aa1d1A

AdnAny (key words) FmMIUMIFUAUTDYA
Muwmsdsuifsuuuudtaesms avasiunana
Tunsdszgndld leiun nsduifioy (calibration);
WUNeNA (groundwater);  ABHaUNAU (inverse
methods); modeling; Wa@14 (residual); aaIN®

. a &
88390n (trial-and-error); Woulanszamaasa

AN (Uniqueness); MINIUFAL (verification)

14. L@N&139719D9

Isaaks, E., and Srivastava, R.,1989. Applied
Geostatistics, New York, Oxford University Press.

Anderson, M. P., and Woessner, W. W., 1992
Applied Groundwater Modeling-Simulation of
Flow and Advective Transport, Academic
Press, Inc., San Diego, p 230.

Konikow, L. F., and Bredehoeft, J. D., 1992. Ground-
Water Models Cannot Be Validated, Adv. Wat.
Res., Vol 15, pp. 75-83.

Freyberg, D. L., 1988. An Exercise in Ground-Water
Model Calibration and Prediction,
Water, 26(3), pp. 350-360.

Bradbury, K. R., and Muldoon, M. A., 1990. Hydraulic

Unlithified

Ground-

Conductivity Determinations in
Glacial and Fluvial Materials, in Ground-Water
and Vadose Zone Monitoring, ASTM STP
1053, D. M. Nielsen and A. |. Johnson, eds.,
ASTM, Philadelphia, pp. 138—151.
Yeh, W. W-G., 1986. Review of Parameter
Identification Procedures in Ground-water
Hydrology: The

Resources Research, 22(2), pp. 95-108.

Inverse Problem, Water
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1.

WaIgIuIIenzianudanlniasaungy
fatuaanitnisinsedk aanusenlnives
WIAlaasdneg lunwsﬂs:ﬁqnmﬂﬁmuﬁmaaﬁﬁ
11ana MInnadszinnuasnudanlnl uas

=
ag‘ﬂlﬁu UL

2. 2auLua

24 ATPIURATOUAINTUABUNITUATIZR

ANNBaW AL (sensitivity  analysis) 283nN13
ﬂi:qﬂm*’ﬁuuuﬁmaaﬁwmma ANTILATIERANN
81 1ML TIALAVVBIAULTA9 9 NITRMEaTN
HoudnIodanlauauiuav Ik ULIIRET VOITH
Auduii

22 WRIINNARLUIIAIUIUIANE bARAT
USuisudIndrutmaud I nIandIaIsinng
"3mﬂ:1§mma'auvl,msia"ﬁagaﬁﬂamﬁﬂ

23 WAIIINWUUIIReIbdTUTuAsY
Arwnfiaeaiangg danswiagaiounuiiaes

= A ' A &
2719 M IRy nULUaIAI I NI TN T LY TELAN
lUidus299 wIadfowdanluuazriin1isnaes

oA o o AV o [y °
Indialilanaasnlaaanuuuly wu s1uuuaz
@‘hu,mi,wa\n_iaﬂmuaiﬁguﬁmaﬂmaﬁmi

a - & v -
LﬂaﬂuLL'ﬂaaLwaazguuﬂaanuaﬂwq@ ni13

wistdasuvasandsimanuw i utunaauvainis
Mmylanzidununzauiiga (optimization) 1w
ddy 1A 1 I 1 1
nymiazlifainduniInageuainugantng ua
a o A A AW
anturiin1sUsziiuaaiuniIsalluoniaan la
mmmmuqu"lﬁ LT n’mﬁuﬁng&szuﬂuﬂﬁm@
oA Y o & '
FNAANNIZEAILRITI LI NTIVITLHLIATBRZAITN
& ' dwt: > L2 a 6
w3 dazidwnantdwindaveinyite iy
ANl et

24 LaNRITLUE U RULEAIDIVLIBAITURY

I
o

PUABWNTILATIZAANNBaU IrIaEI ezt
aa A< 4 o @ Aaa P ' A A
Arnsiilunsenusunill F3nmsinafiaednsdud
s J @ A 1 o U a
WA Inlasuniduard g smusahunltunuis
d“ﬁ/ny
Tuanasguiild
Yoo X aa

25 a3z uiilyniuinauraIiznis
Jiaszranudanlnivesutuinaedtiiuiana
agdlafaudITmanaiailt lanuuuudrassiin
U1ANATRAGTT 9 LT% wUUF1ae9EITlATER
WUU31IR8INNT MAALLL multiphase n5wawuy 'l
faLihad (noncontinuum - karst or fracture flow)
wIoUUUIIaaINITIARaUNNIARITINUNLIANE
(mass transport model)

2.6 WWuNlS @8 inch-pound  §UITUU SI
alalilwanduiielfidugays
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2.7 waspuhlildnuaszdag inmaa
watdunssrusanteFId il unnevasnaziln
wasgwlunislduazdszanmdradiigndas
wianzaulumsdszgndlfunudined

2.8 L@aNF1IHIILIINMTIATTTaunITIAY
v A =) t—?-‘ 1 LV o
Tayaniaganiafen laoililddunizianzas
aa aa = AW ° )
3FA15La3TN13%e ananIhianusnunlu e
naunuanuiuazdszaumalvafizeamyly
nsaaduly sranslildmuiiuguneives

ROUMITNINNA BT

3. Land1sNngITas

34 nauniwensiues
-¥19337% U U 3005-2550 N9
ﬂs:qﬂ@‘lﬁwuﬁmaamﬂmmaaﬁ:ﬂmmamu
anwilywvasiud

3.2 American Society for Testing and
Materials (ASTM):
- D 5611-94 (Re 2002) Standard Guide
for Conducting a Sensitivity Analysis for a

Ground-Water Flow Model Application.

o 6 o wa
4. ANNUYY

o . . =3

4.1 n1331889 (simulation)  WANEDY NANTT
i1a09a2ut3d199 nnsaw maesldsunTy
AauNLaaINdaugndasuazanyval :amN9
ToyailowduszHaaws

42 myUsuLiiey (calibration) tJunvzuan-

s = 1 v = v AI &‘ I 1
mydiuifisudlazidoauszgndaabiu 1w
Tasaaivasfiuduin veuive (udu lasnis
Usuifisuandiuinld nudndaludasfjia-
mnsalunaauwa

43 n1seszAaINdanlng (sensitivity
analysis) WN1894 M3UsslinTInmnInT a9

a a o
NANTENUINNNITLUR UuLLﬂadﬁiaﬂqu‘lN LD %

vasfayatinguuuitaesdatzaumMIlTuIiDy
PeIuuUdnaaInIadananiaazlvasuuudtaed
4.4 anusanla (sensitivity) - nINAsaU
HABILULI80IUAZIEaUNTUR w918 INS
I RERE) I@Umsl,ﬂﬁﬂmhﬁ'aLLﬂsﬁﬂam"ﬁﬁ;j
LUUIINDS LT “ﬁagaﬁﬁuimﬁwmaqﬂn
FITINGT Qmauﬂ'@mwamam% wazidouly
PAUIDAVDINLUINNDY LT uan

[

45 quauU@aN1IITaa1aa3 (hydraulic
properties) Qmawﬁamaa@uuazﬁmuﬁmﬁaaﬁu
mimuqumﬂﬁﬁ'} (in §ullsrAnsmydurinule
2899 (hydraulic conductivity) Fu1szansnn s
‘L{’l (transmissivity) Lag 5mi'm’ﬁ%"’sﬁ'§&l (leakance))
WazMIANLAY (11w FulseAntmInniuiwie
(specific storage) LLﬂ:é’@lﬂmﬂﬁfgﬂﬁﬁLwn
(specific yield)) mao‘ii’l

4.6 Lf‘l’lauvlm"lla‘unl@l (boundary condition) -
msugaslwdindiamansvosszuunmengnini
ansaldaunmsvesuuuitaesdindinenans e

47 wuvuitaednisluavesiiviens
(groundwater flow model) nUNB9 miﬂizqﬂ@ﬂ%’
wuuaasnindiamans tougasiisnisinazas
s:umiwmmmmugﬁmﬂ (regional) #IBlaW1e
“ﬁuﬁ (site-specific)

4.8 Hrunsvesn1TUTULIEY (calibration
targets) AIWIINLABITAN G]ﬁvl.@‘fmﬂmﬁ@ n3
F91na n3dwm Wislsrunawesansudsans
miwenliinGurinu (hydraulic conductivity) %38
§asm3lnaesinuianafiuuusiassaunn
fwnild dumanitanseslésunsUsudiou

4.9 WaLAAe (residual) - Auanansileaan
msfwanaznsiad lagazdudniliwinan

™ IR UAZRDUNG 9
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525 T T T T T T
520

515

510

(Feet. MSL)

505

MAXIMUM WATER
TABLE ELEVATION

RESIDUAL
(Feet)

0.2
SPECIFIC YIELD

04
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