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Analytical Flow
PATHS xox 2 x x x x x x A x x P AN
Analytical Transport
AT123D x 123 x x * x * A x x x 1 AN
CHAN x 1 x x x % * P x x x x 1R AN
GETOUT * 1 x x x x x p x ® 1R AN
GWMTM182 x 12 x x x x x PL x * 1 AN
MUTRAN . ® 123 x x x x x P.LA x x x R AN
NWFT/DVM x 1 x x x * x x x x R SALT AN
RNumerical Flow {Saturated/Unsaturated)
UNSATH * 1 x * x x * FE
FEMWATER 1 x 2 x x x x x x x x x fE
UNSAT2 x 2 x x x x x FE
FREEZE x x * 3 * x x * x €D
Numerical Flow {Saturated Only
BEWTA x x 2 x x * % x D
COOLEY x  oxox 2 x * x x x  x FE
FEBDGW * x x 3 x x x * x x FE
FLUMP * * 2 * x x x x x FE
FRESURF 182 x x 2 x x x  x  x % x FE
TEWAGI x x 1 x x M M x FO
usGS2D x  ox ox 2 x x x » M )
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V3 x x x 2 x x x x x FD
USGS3ID-MODULAR » x * 3 x x * x x * FD
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Numerical Transport {Saturated/unsaturated}
FEMWASTE 1 x x 2 * x x x * x x x A x x 2 x ® 1 FE
PERCOL x x 1 x x x » x x P x q x El R NR
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TRANUSAT x x 12 x x x ® » x 12 » X 1 FE
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| Transport { d Only)
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ISCOUAD.ISOOUAD 2 x x x * x x x A * 2 % FE
COMBRED (USGS52D-MOC) 1.2 x x x x x A x 12 x x 1 FD,NR
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MMT x x x * * = x P x x 1 * 1R.CH RW
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ROBERTSONt * x x x * x x x P 2 x R D
ROBERTSON2 * x 2 x x * x x * x A x 2 * x R FOMNMOC
SWENT x x 123 =x x x x x x A 123 x x 1RC x FD
TRANS (Prickett-lonnguiet} * * x 2 * * x x x x* A 2 M 4 RW
TRANSAT 2 x x 3 * x x x x x 3 * x 1 FE
Nurerical Coupled Solute and Heat Transport
CFEST x x 123 x * x x x A x x 123 x x 1 x FE
GWTHERM x 2 x x x x x A ® x 2 x * x FD
OCRE * 12 x x x x * A x 12 x *® R FE
SHALT * 2 x x x x x A x 2 x x 1 x FE
SWAFT x x x 3 x x x x % x A x 3 x x RCH x FD
SWIP2 x x * 3 % x x x x A x 3 x * 1 x FD
o d:Lqu&__'.i: Ske shast PIpEA S E ko Lasal
———
e e =A syume bitis = FD G Sy =1 Al = g
d}v»cazL 3ydos ol == FE Sy = 2 S = 1 s = AN
L;\M@;.'—"P ;quuwdl,(:lleD G = 3 N:u,-piiﬁ‘::Q
Slania py = MOC LSt ke = R

oy s = NR 5Sg3l, ke sy = CH



V\': DJM@JMM

%4

RO TGS BV PSR T OO IR D ES RONL S0 SN LU
ar by oo (mdy ol il (goae Jaw SO o bog e 09>
35k Olye Jlie lgie ) conad sl 657, ) 6 5SS (6 S
SR Stz GO e 5 (e Sl S50 0 51,5
il e o2ily Al 50 all e (g (g0 slas S,
Gtas i @ (2liws S Jae sla el ple g oyl
A ye 00000 5 oo wuliss Joke gla g2 5 5 pbae DML o
Sl 370) 05 pa D j9m0 (poriiT $9Smed 1 i
a5 ol 9 b (o 1 g Sy line yo 2l
Lire sl gallat pas vl sl sl S5 Como b la el L

2los lyl

:LJS&KLJ)‘LJswio.hmd.ﬁs.éjﬁw)}]od)dwh&ggw‘
330 2dl e e gibwdad Cunds (59 45 poe slRoy
99 O et 528,50 0 [l ek ) Cd a8 55 15 am g
(ol o 5Ll adly oo @y allice pl a8 al&im (lg50
%?&LQJXMYW"})?W) 161&‘}.}&
3 oplE koo 5l el gz Logae iy i ks
J.?r.,e &._ix fs..a.?z..o 4_{(50{:..») 3..4_‘?33 ’au a gSI}O%) J.;JBS QCL
Ag&o‘x.&jﬁuwgbxgx\pdudd)#@ao;mbw
2 bl JpuS S (i (San ey Al e S0 b4y 05, 18
oS (Foge yd b oo a8, B4 elly polie 09 (K s,
Sz Sloyod Gk has oleeshs degame b wilgn Joe
10395 s ;3098 cmilgiilonys I Lol ous | 1u8
50 walizes glodue 003l duulie Sy 2w bl sla lg,
Gl 3,558 o owd 33 (36 4 aliie Jlus (3905 Jo>
dagi slodg, YAAA Lo ;o 1,55 5 Van der Heijde. [855]
SIS g anwgs Sy 1 (QA) coaS 5l laceds! claaals

1Sy el Sl Aol y sy Cw d9uxe
S lagilo ool g laars 5 L )0 hadd 5b ) sledoe

bolpd o8 oz Wil Ul Gl 5wl g T bl

2 5o S ST gl g by e @i s @
oo 51 53l iabes ST Sl (gl el (5 igenalS slatels
O EOe (g, 50 (SIS IMSEe aS ) g i ol ]y cegghs
5,55 oo bz &y ol 4 oo badad,

soae shaedlsl Juepmlldislio by oV e et @
Lo e Slanlitie by @l s 5 Mite 45
S e

795 95995 DML Jae G ga3 V) ity @
Oga 39l Ly et Sz 4 Sl e pgle e
39 )5 Ay gad g yrwsd ol Ml g1 a8 o, 5255

5O e 318 Jaw 2ol aS et (glad 1o Mol @
55 n s 8l o el (049 sl el ly
Sl el a4 YAAY Lo o 150 g Huyakormn
ol 5 Tt ey sl slede g o), CuiS
{5] wlosgas

Sl g2y > dglie bagd Jao 0lodl ) (ot (uys —
ol Ble sl sl Lidod sla fool, L

S3botline JagS Jos sagec oz Loz (P slal - ¥
anlive 3500555 slaooks puelcoisse

Lanslie 510 Jlaw o )0 Ldae 003l ™) oo yti3t — T
Ldoe plo

| e 935 Skl 5 g8 kS J 5 Sl
Pl o1 105,055,500 40 @¥lgan ST 03l g Jasetes
S5l (PBlelazys g3 Jlas g ol 5oty gad gSly ol
108 )5 oa ol onlds ol CodnS

Obaebl Jpaz gz Jloe 503,90 50 Gl ooy =)
ot 5 (S sasz 48 gl Joe sla i aS ol 5
5 5a5 o k5 50 0,038 e il allis ja as,

OO liie Jlie 19 4 (59,1 Cloogas Lol =Y
el g (g0 a9 Sloj GlaplSiaSidiz b o650 bl
Sl (ormg sob 4]y Joo sla g5 45 onl (s Comslin
slrdcar dex jlale o i (69955 sla 2l b jo ks
35 g0 gena 213 nl otes

4ol G g (5398 Joe S (ool oz lea (oo iy



1y

g&}o)‘ﬁ)‘gT Slgdao 2 93l 50 o p o Sl

J92 33 (condinne (05 shI0 O Jsu2r )5 oleardgti s o))
23,5 0 r 5003 5B iz Ol y2 09,50 Jgazr ek witl o F
T gz 0 ad e b o OV paze Dok 09,5 & S
il e

5@.;’:;‘&/,;-05;)3(»4.@[3)9a\_\.-.}&_,';&.,,;afa)usﬂms
ot 28,5 15 el Jslova sl JUilog S0 Jlid 4 5.(3Y)
Ol el S glaSiw eldl 22 o2 sledae (VF)
R B R S SIS L Ly
OIS PRUE R SR LSO S QUK {VE Sy BV S -
18 18 s 5 faS adly e 05> (SIS

sy sl silodoe o9 2l 500 Joiz ol
Ylae )3 IS el arsled oo ol CodeS lelol sles 90
o8 a2 1 sl (5555 onn sl 2 3]

3,105 2529 Jragur=o

il o Uit U ye 5520 e )

e S cogdina S )ll g & ol oo Lo =¥
g ool ooz A3 Sl R s R0313 0 S

Xz 4> 50) (e obsS (sl o Wl o Lo = Y
S eSS ledel ol U cunlbin jlistazyo L (J
VRIS

Olarobl g et az 3 b ola ey WSl oo o= ¥
LK L o Sl aledllsd ols LYL

A ged gpbge sl o )5 BB Jae ggi= JU sl

5 (o FF) o 4 slaKiom sledae il o g
sldans plie ;5 anil oo 2 V) 80z L o
09,5 Jaid wloand 5 cur p (28lg (5 5lal ey (5390000
Fo) ol sladie il (pou 3l S 45 Wb oo loandig oo
5 5T0l b aF waSilen ailaidly Cuws e paf (oo
8 Jgozr 545 2l oo o] B Sy S Joke ems s
U gy FaS ol (oYL dio 0 a5 (5 5o & Sl oninonls L
BB polie aSas s 3929 oo sloasl (blie o wilonys )8
B9 SO 5l yaS il )3 1) 059> 0903 ey 5l 42
535> Oogasl (sloo S ol an gLl Oz 09,5 )3 Laaeli
yimo 31 gy il 858 53 Laadli p 059> o9a3 g o

oo g Faust wedl o dbe JQ;;,;A & lwans a5 glo e
L4z b, o9zge sledae (St Sl VIAY JLo o
Gl gey ) Ll CodeS g SoaS 4 bogy po £5:090 Vo
g o e gamail b [3] wloges U3 1Y Juz
el 0al 0000 Lad F Jgam o lpdae

(glaslaie o e 0lSol>) oSl 535> (V)

e ble S 51 S oads Joms ol ol

adb e
S o) S g e ol S 3t iden oald oo S bise 1 ome
il oe gope ble

b o ma e hile Sl 3l ico ead Jae Corlucs iglailan

Jtt g e ST oygay JUt b o Jadd) (_;.ssﬁ <S> (V)

(L3l o b gl 2 Bl (1)

(oo annSi by J5dsee) Jae £ (F)
¥ Jgaz ;0 VAAY Jlu jo 1500 gFaust lawgs b)) oebeie
200,85 Al Jow anwgi e olgie 4y ailgi e Obzxen

50 &b (gl 4y o dasd s iy slode (i
s a0 (bl ) oazms Jay ) (slwosliiul g oy
O JUst (sl san¥T Jlasl (g5ke Jae (IS el 4ol e
shxe 9ol s jo gL Usedseie doos U 2 0 (iSTly
STy gy JUil Jals IS 5k &y 313 5 g o
SieSTe U Jlast g (gledd e Jodoie gl 0als a5
AS@LQJ-.\A M‘use le.?u 3 oliik.?— cla‘u 3o (&L&.&J\ J.?J.:«.w)

aS sloy 3l ai8, 58 g0 (g5l Jos aS ablisples o
9 d5b sn 0md (B iy 98 plxl ¥ o la 2l
533590 cnl el 03,55 i (598 H9bo Ll bl Ll
6&4.@\54,_3 L;L:bd.«:).) 45&5)5-!" a Sl aq_lb)f)w Al JB“\?
558 slacchls ) Slepd waSaid can o ) & yigupals
sVan der Heijde byl acias )05 grmslis Slosisl
Jut sledae (slomg 5l 00l Lis YAAA Jl ) RS e



VY ojlom  pulbid tareo

i Sl e 51 5o 02t ealind sldas stazel Culil (Gl awMot o = ¥ o)led e
el Il Jan 150
KN e sk
Jast i Jant Sl Juazd
Sl oS- ol ks L ol Bi L g b ol kb | o
St S A5 A5t =1y
St YT QEIETY BVLITIS RUG VST RFIR PR [ETIIEI QUFCEES EPRE TS TXPENR JETNPENS VIR S JIVEFENS QRN (N TRFEIN QEAC S I FRECON IRENCEY [N CSE IR )
ol ors - wel e s ~ e o i et 222
AR R R AR I VO I B BB B Bl B B B B B L B L B L S i s
e
e s I gt v Y * ¢ * v
i
a3y il v A t * v 3
i t v
Ak i A v Al A Y 1
A s
S
P 2 T
ot oS
wd L b v ¥ Y A Al ¥ Al A
it et o
kS
‘J}Jlu \d A Y A 1 r Y T
[FEX WU TN
oW
EE r Y t r ¥
ot
s
Ji\‘))’rch \d Y Y Y z 4 Y Y
Al is
oy
5 shye b v ¥ ¥ ¥ 3 r Y *
e
i
prepe e 4 r ¥ ¥ r X X ¥




10

o) 25T Slghae 5l p0 G e Dl Yo

LS e 9 Ly

5 5 kS 3 oo Bl 3l e ol el 4 a5 L
Gazge ity ol sledae s sl s 533055, 20595 5 Axmss
Sleeiy 2l g Oldllae LG )3 sy o s S o

2 ls oS s o (o e iy s g e
o&&@ib@bwuﬁ)ﬂ&wjﬁ}gisjuuyw
shilsy S gaoge mly 92dly anils (985S sla amazs
.MQ)l}wLbsw)ﬁé)ym

(Canlosia STl aliacpl)39)3 Jocarenlaansl imas]
st c-.}::L.w) C)L&.’i‘ L] 11_:’3 Ls)ud_c )..e! o oAJ)t_{S :t_:‘).?c.j 3
sl auadslaS(s jalaail go (g ladoe a3 o9 Sislezlad
A o5 5 pole b9l Sk idl0gh eolisl (55655 cale
D9 458 S Coanl 65 sl S poe (iSubog Selael o

s S plgas & (g ludie &) gy o laaiy 52 (oguas 5
s 58 )3y Jr 2 Do o iy 5 iy S g g0 IS
s hlone & 08 4y a3 b L3l Gt (55 el (oas
acp oy j0 4 by o ) 0 raS g b g2rg 5 ol g e
Bl e 608 00

PBl pgas 1345 alblregla el 4 (Fnsl ol
S 50 3 5 Sy Al a5 il n e s S35 Joke
C O LSQ‘LQ)L:.&A LSU‘} Af\))b l) WL.A slezel 3 J}_a)LS/CA."J.gG
csbdl s lasiy dead it 0adile o s goaiile p iay
el 3 S oD v (1531 Cdeas slguatsy S gl o ol 2 b
T 30 o3 al 9 (g Sl anli (5595 I 5 A
Al 00305 ) ¢ (6 )l Curmag 5 0397 903

5 Qladl a ddace (6510 g dngi 5o (Sl (e
S gy, sl p g ludaagoclay 380 azgs J Sy ConS
PO PRSI IR CAPORCIN PR PC K PV FARCORN
gdaald ay azss L oad 48 5 IS (13l p b slacusgaze
A8 ol (55503 oo sl O lge 5l 39 o0 Joko 8 nBge
A3 p3Y prend Gaslis Joe oloall jo Sl o8l o

S e > VYU oliadins) g oud anSi oS ol
Saele 8 Joozr slaves,s oo o 5 eldl i sl >
W50, oy 2y (P S g i

S lire & w33 5 ga tadeialn 25 aaal  5f (g k=)
ol (sl b3l b Lotals y 0lte! ) S sl o Sias Lok o
g 0dy (et 8y

Sl oa 00 dgama 8595 (903l @l aaals 1 5l g loms =¥
Sz oad plol Gl Sl a4y 1ovie a5 60150 5 golaxs
[7,10] 503 lee 05 5 o0 e 22 e (3l Sk
S Fom 33 b 2 edal (S @i (a3 (5 3lp e
oAUk oo e Ol (525 4 Y

oy 5 Sledlbel ke (5,554 -F

e g 55 e duled o S0 -F

3L (6 igenalS glaaals y il -0

S Pl gl ble jendi-F

Com bk (bl 2 pe Blawe 33 Sz e =Y

>ﬂ)kggfbukeéfmls§udatﬁw)s—0o)w d)v\’

[9] Wl slazel ool (slplsl 5 ot

0T | e | o | aon | S| I wiygy
- S b, So5
% % % % %
vy 1o Y Ve N | Ay § L1l
¥ 4 Y4 1A vy O se 3l ye JUS
1 3% FY VA vA |y Oyl Jlast
A AY " vy FA | A F LSt i U~
ves vy 144 VIR I ' VT - PR SHOPT IR
1y AL " Yy [ 1 S8 A Ob
Yoo N 1e | byt




Yf O)L&.:.‘L;»wm“

k%)

comparison  of benchmark  techniques: GWMI
84-13. Intemational Groundwater Modeling Center,
Bulter University, Indiana polis, IN.

6 - International Ground water Modeling Center. 1996.

IGWMC Software Catalog. Colorado School of

Mines, Golden, Colorado.

7 - Office of Technology Assessment (OTA). 1982, Use
of models for water resources management,planning
and policy OTA, Washington, DC.

8 - Ross, B., Mercer 1L W., Thomas S.D., and BH,
Lester 1982, Benchmark problems for repository
siting  models. NUREG/CR-3097.  U.S.Nuclear
Regulatory Commission, Washington, DC.

9 - Van der Heijde, PK.M., Al El-Kadi, and S.A.
Williams. 1988, Groundwater modeling:  An
overview and status report, International G. round
Water Modeling, Butler University, Indianapotis,
IN.

10 - Van der Heijde, P.KM. Y. Bachmat, j.
Bredehoeft, B. Andrews, D.Holtz, and S. Sebastian,
S. 1985, Groundwater management: The use of

numerical models. 2nd ed. AGU Water Resources
Monograph No. 5, American Geophysical Union,
Washington, DC.

11 - Van der Heijde, P.KM. 1987. Performance
standards and acceptance criteria in groundwater
modeling Ground Water Modeling Newsletter, vol,,
no.2.

VOV yS Ol b bt sl g S0 DLl -\ Y
C0bg s lale SIS ATED = VTV Jla (i) slgren 218
AT O 3 A LT SUTERL

CTJPLRPS J kS PER WIS IL SN PR P ol et

Hlgliaab
1 - Multidisciplinary.
2 - Elegant Software.
=t s ) Dk 55 (65 el (3l b oLty Wik 4 e Y

3y sl 0000 e STYA o et = Vel 5 ol atibas

k=8

- Quality Assurance/Quality (QA/QC).
5 - Verification.

6 - Validation.

7 - Calibration.

8 « Sensitivity.

9 - Benchmarking.

Al e kS TION il bl sy

@iy

I - American Society for Testing and Materials
(ASTM). 1984. Standard Practices for evaluating
environmental fate models of chemical: Annual
Book of ASTM Standards, E 978-84, ASTM,

Philadelphia, PA.

rJ

- Environmental Protection Agency (EPA). 1988
Selection criteria for mathematical models used in
exposure assessment: Ground - Water Models, EPA
600/8-88/075.

3 - Faust, C.R., L.R. Silka, and Mercer J.W., 1981,
Computer modeling and ground-water protection
Ground Water. 19, (4): 362-365.

4 - Graves, B., 1986, Ground water software-trimming

the confusion: Ground Water Monitoring Review,

v. 6, no. 1: 44-53,

h

- Huyakom, P.S., A.G. Kretschek, R.'W. Broome
Mercer, JW. and Lester B.H. 1984. Testing and
validation of models for simulating solute transport

in ground water: development, evaluation, and



Environemental Study No 24

~i

Managerial Considerations in the use of groundwater
models

[{atami Varzaneh, A. (Msc)els
Ardestani, M. (Ph.D)™*

Abstract :

The management of using the groundwater models consists of different
subjects, the most important of which have been mentioned and briefly
discussed in the present article.

Here the most important subjects is the successful use of mathematical
models which depends on the training and experiences of the technical
support staff, applying the model to a problem, and on the degree of
communication between these technical persons and management.

The other subject is the cost of different hardwares and softwares in a
groundwater modeling process. As a general rule, costs are greatest for
personnel, moderate for hardware, and minimal for software. Managers
need to seriously consider which level of maintaining of above
mentioned factors are appropriate.

Having criteria in selection of modeling programs is also a matter of
importance. Technical criteria for selecting groundwater modeling
codes formulated by U.S. EPA (1988) is presented. These technical
criteria correspond roughly to the hydrogeologic model parameters.
Fundamentaly, using of programs should be based in accordance with
performance standards and accepted criteria.

The increasing use of modeling and computer codes, in regulatory
settings where decisions may be contested in court, requires careful
attention on quality assurance and quality control (QA/QC) in both
model development and application.

Considering the limitations of computer codes is also a matter of
importance. Managers should have enough knowledge of capability
limitations of codes used appropriate for the region under study, and
then make proper decisions regarding the requirements.

In general the largest number of codes are in the saturated flow
category (97), followed by the saturated solute-transport category (73).

Key words:

Aquifer, Management of using the groundwater models, Groundwater flow
model, Contaminant transport model, Modeling, Simulation, Calibration,
Verification, Validation, Benchmarking, Sensitivity, Quality Assurance/Quality
Control (QA/QC).
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