Guide to Using
Aquifer"'"?

Version 4

by Environmental Simulations, Inc.

Aquiferwin32 - [cover]

E File Edit “iew Add LCale Window Help _Iﬁllﬂ
| D[] s [mle] @) o= @ 20 oo =] = e[e[w[e] sle]o[«][ T Ell=]|
Time (Drawdown | + —
(min)| () =
ik 0.0z )
7|z |04 o
35 Joss Hantush and Jacob, 1955 Vi
4|10 [oss 10! o jm|
5|20 [1.45 3
650 [1.95 . fuc]
7 [1o0 {24 i —
g |200 [2.11 102 )
9 (500 |21 E Z
10[1000 [2.11 ] 4
T i .
12 107! £l
13 ~ 3 i
14 Eg . &
s ] T
15 = | —
16 =
102
17 E
18 3 Transmissivity 13307.27 sq ftid
19 . Storage Coefficient  9.85e-005
o 103 MWI1 r/B 0.0497817
21 3
= 3 MW2 /B 0.253855
g i MW3 r/B 0.503529
24 4
75 10 1 1 ||||||| 1 1 ||||||| 1 1 ||||||| 1 1 ||||||| 1 1 ||||||| 1 T TTTTT
26 107t 10° 10} 102 10° 10* 10°
a7 1
28 = /4 Well MTW1 7 Well MW?2 > Well MW3
A Mat{[«] [» %, MatchData - MW3 Site Map 3, Predicted [/
For Help, press F1 [Optimized |T = 13307.3 |S = 9.84859e-005 /B = 0.503529 [0.50 [Vaid 4




Copyright © 1999-2011 Environmental Simulations, Inc. All Rights Reserved.

Microsoft is a registered trademark and Windows is a trademark of Microsoft.
This manual was produced using Doc-T o—Help®, by ComponentOne LLC

ESI Programming by:
Douglas B. Rumbaugh
James O. Rumbaugh

Environmental

D
e s. Simulations
® Inc.

Environmental Simulations, Inc.
300 Mountain Top Rd

Reinholds, PA 17569

tel. (610) 670-3400

fax. (610) 670-9239

support@groundwatermodels.com
www.groundwatermodels.com



Contents

Introduction 1
CombINed MANUAL .......cooiiiiiiiiitiie ettt a et b et beeee bt e e e e e b 1
WRAL IS AGUITETY ™2 ettt e 1
WHhat 1S WINFLOW? c..ceiiiiiiiei ettt sttt 5
WHhat 1S WINTTANT ...ccuiiiiiiiieiere ettt ettt st b et be e 6
INSEATTATION «.oueiteteee ettt b et ettt ettt be e 7
Optionally Obtaining a SeCUrity COAE..........cuerirriieriieiieienieieeie ettt e e aeeneesenens 7
Uninstalling the SOTEWATE .........cc.ieriieiiieiicieeieee ettt e e se e 9

Uninstalling AQUITEr™ ™2 ... 9
How t0 Use This ManUal...........ccooiiiiiiiiiieieieee ettt et 9
TEChNICAL SUPPOTT ...ttt ettt ettt et e sttt st eeseesae e te e e eneeennans 9

What’s New In Version 3.0 11
GETNICTAL ...ttt h et b bttt b bbbt bt et ettt b e sbesae et 11
INEW ANALYSES ...veeveeiieiieeiiesie ettt see et e st ettt e et e e teesseese e seenseessessaesseesseenseenseansesseenseanseensennsens 12

KPP, 1085 ettt ettt 12
MOECNCH, 1985 ...t 12
MOCNCH, 1997 ... et e e 13
L7411 3 o USSR 13
NEW FUNCHONALIEY +..vtentieiiieieiie ettt sa et sttt e b et eaee s 15
Legend WiIZard .........cooouiiieeieeee ettt 15
On Screen Editing of Legends.........cocoiiiiiaiiiiiiieiieeeeec e 19
Line Calculations and Distance/Drawdown graphs.............cccoeevverieviieciinienneneenne. 19
3D PerSPECLIVE. .euvieiieiiieiieeeieettett et et e stte e ste e bt esteesaeeseesse e teenseessessaessaessaenseenseennas 23

Getting Started Using the WinFlow Solver 29
Starting WINFIOW.......c..ooiuiiieiee ettt ettt ettt e e ee e enee s 29
WINFIOW INEETTACE ......eeeeeieieiee ettt ettt 29
APPLYING WINFLOW ..cniiiiiiiiiiee ettt et saee i 32

Data REQUITEIMENTS ....c..eeiiiiiiiiiiieiieteeie ettt s 32
Starting @ NeW MOdeL.........cocveiiiiriiiiieieeieieeee ettt seesbeessessnens 34
Adding Model FEAtUIES ........ccvievieiieiieiecierieee ettt sbeesseesaesnaenas 36
Editing Analytic EICMENtS........ccoccuieiieierieiieieee ettt 37
Computing the MOdEL..........ccooiiiieiieiicieeee e 37
Displaying the RESUILS ........c.cccveriieiiieiieiecieeee e 37
Creating OULPUL .....ccueiiieie ettt ettt ettt et e et a e beeseenaeeneeses 38
Saving @ WInFIow Model..........oooiiiiiiiiiieeeeee e 39
APPLYING WINTTAN ..ottt ettt et e st e bt e bt e e eneeeneeas 39
Data REQUITEMENLS .....ccveeivieeiiieiieeiieerieeteertteeieeeieeeteesteessseesbeessseessseessseessseensnas 39
FLOW MOAE]I DALa......oeieieiieiieieseee ettt sttt 40
Transport Model Data...........cccuiiiiiiiiiieiiciiceceeeee et 40
OPHONAL DALA ....ouvieiiieiiieiecieceee ettt et te e be e b e esaesseesaaesaeeseenseenns 42
Starting @ NeW ProbIem..........ccceeoiiiiiiiiiiiiieieeieeieee et 43

Guide to Using AquiferWin32 Contents e iii



Adding Model FEAtUIES ........cccvievieriieiieieciesieeie ettt et esseesaessaenas 45

Editing Analytic EICMENtS........ccvecuieiieiirieiieieeie ettt 46
Computing the MOdEL..........oooiiiiiiieiieieeee e 47
Evaluating Model EITOT .........ccuoiiiiieiieiecie ettt 47
Displaying the RESUILS .........c.ccveriieiiieiieiecieeee e 48
Creating OULPUL .....cc.eiiieie ettt sttt ettt a et e eteenaeeneesns 48

Saving a WinTran Model .........ccoooiiiiiiiiieeeee e 49
Tutorial 51
Starting With @ STMPIE TESt........coieeiiiiiiieiiereee ettt e ae e e e sreesseesseenseas 51
ENtering Data.........coveiiieiieieeieeeee ettt 51
ANALYZING the TESt.....iceieeieiieiieieeie ettt ettt e neesneesneeeeenes 56
Weighted Data.......cc.oeiiiiiiieee e 57
Changing ANalySiS TYPES ....cccueeruieiieieeieeierttee ettt ettt eeee e ees 59
Modifying the Graph..........ccooiiiiieiieie e 59

Printing RESUILS .....cc.oiuiieieieieee et 60
Displaying a Graph in Another AppliCation ...........cccceeeeieieienienese e 60
Multiple Type Curve EXAMPIE .......cooeeiiiiiiiiiiieieee ettt 60
Using Multiple Observation WeEllS ..........ccevieriiiiiiieiienieeie ettt eas 65
ANAlYZING RECOVETY TESIS ...euviiiiiiiiiiiiiie ettt ettt teete et e esbessaesseesseesseensessaessnesseenseenns 76
ENtering Data........cooveiiiiiiiiieieeeeeee ettt ettt es 76
Traditional ANALYSIS .....cccveeivieiiiieeiesie ettt sneesseenneenes 77
Variable PUmping ANalySiS.........ccccveeuirierieriieiisie e seesie e eeeseeeeeese e sae e nnes 79
ANALYZING STUG TESES ...veiiieiieii ittt ettt ettt s te e s e s e saeeseensesnaesseenseenseensennsens 83
SIMUIAtING AQUITET TESES ...euveetieieeie ettt ettt ettt et e st e st e e enteeneesneens 89
Water Table AQUITETS ......ooiieieiieiiee ettt ettt et eesee e snee e 94
SEEP TESt ANALYSIS ...eeeeieeieiieiiee ettt sttt ettt e et e st et e e e teeseesmeesaeenneeneeeneeeneeas 97
Analytical FIOW MOl ......co.oiiiiiiiieeee ettt s 106
WINFIOW SOIVET ...ttt ettt sttt et e e 111
GettiNg STATtEd. ... .eoueeieieiiietiee ettt et s 111

Setting Up the MOdel.......ccoviiriieiiiiiciccieeeet ettt s 112

AdAING FEATUIES ....c.veiiiiiiiiiiieiieie ettt st s esae s e esaesssesseens 115

Where to GO from HETe........coeruiiiiiiiiiiicrecetcecee e 117
WINTTAN SOIVET ..ttt ettt st ettt 118
Setting Up a New WinTran Model..........c.oocooviiiieiiiiiiiieieeeeee e 118
Concepts 127
INEFOAUCTION ..ttt st b ettt ebe e 127
DOCUMENT TYPES .eeeuvreiniiieiieeiiierte ettt ettt e st e ettt e seteetee e atessbeeessaeesseessaeeseesseesseessaeenseesns 127
Entering Time/Drawdown Data...........cccveevieieiiiiiiieiiee ettt ve e 128
ANALYSIS PATAMELETS. .....ccueeiiieiieiieie ettt ettt e eee e e s seenseenseensesnaesseesseenseenees 128
Well Construction INfOormation ............ceeeceeieriininininineneeeeeesere et 131
TUTIES ettt ettt sttt st b e bt bttt et et et s a e bbbt eat et e b e 132
Manual Curve MatChing ..........coiiiiiiieie ettt sttt et et 136
Type Curve MethOds .......cooiiiiiiiieie et 136
Straight-Line Methods. .......ccoiiieiiiiieeeee e 137
Automated Curve MatChiNg...........cccouiiiiiiiie ettt st 138
Manual Parameter EStImation..........coceiiiiiiiiiiiieniec et 140
MUILIPIE TYPE CUTVES ...ttt ettt ettt et se et e e aesbe bt et ebeeseene et ensenseseeeaeeee 140
Data Setup for Multiple Well ANalYSeS.......cccevvverierieniieiieiieiesieeie et se e sene s 142
S ettt bbbttt sa e eb ettt e b e b nae 142

AGUITET TOST.eevieiieieeie ettt ettt e st te e teeaeeseeeseesseesseesseessesssenseens 144
ANALYSIS ...ttt ettt et ettt et et e e nteena e st e seeseenneennes 147

User Interface Issues for Multiple Well ANalySes ........coevvereieriieieeienieieiecie e 149

iv ¢ Contents

Guide to Using AquiferWin32



SPIEAdSNEEt VIEW ...ccviiiieiiiiiieiiesieeit ettt sbe e e e sraesaeesbeenseens 149

GIAPN VIEW ..ottt ettt ettt st te e be e s e sseesseesseesseesseesseessenseens 150

Group OPtiMIZAtION. .....eccvieiereieriieieeteetesteieeteetesaeseesseesseeeeeresseesseenseensesssenseens 150
ANNOTATIONS ....evteeteitiesie et et et et et eteesaeeteesteeseesesseesseesseenseesseesseesseseenseensesnsesnsesneansennsas 151
5 USSP 151
PaT@IMETETS .....vvieeieeiie ettt ettt e e ste e e te e eteeeabee e beaesbeeesbaeenseeenbaeenseaans 152

LIMICS ottt ettt et ettt ettt e s e et e e tb e e tb e e tbe e abeesbeeeabeesrbeenabeesrbaennaaens 153
7418 070 £ 154

FTAIMES ..ottt st e e e ste e e e e s beeesbee s beennaeesnbaennneenns 154

105 o T LSRR 156
GENETAL ....veiiieiieieeceee ettt ettt st e st e e be e beeaeeaeeeaeeere e beenbeenreas 156

Default Le@ends .......cccveiieriieiiiiiccieceese ettt st sreenneens 157

WIZATA ..ottt ettt e st e st e ae e beenae e e e ereenreeraens 158

On Screen Editing of Legends..........ocveiieierieniieieeiece et 162
HEAARIS/FOOLEIS ...ttt ettt ettt e st e st e st et e enbeenseessesseenseenseensennsennnas 162
DEriVatiVe ANALYSIS ..evievieiieieeiieriietieieeteeteste st e ste et te st e sseesseeseenseenseessessaenseeseenseenseennes 165
Variable PUMPING .....cooveiieiieeeee ettt ettt ettt s e e e saeeaeeneas 168
Variable PUMPING ......cooieiiiiiieieeee ettt 168

3D PerSPECLIVE VIEW ..eoutiiiiieiieiiieeie ettt ettt ettt ettt e et ettt et e ne e s st e nbe e e eeeeneeas 170
COMEENES ..ttt eite ettt eteeeteeeteeeteeeteeeabeeeteeeteesseeesseesnseesnsaesnseeasseesnseensseesnseesnseenns 170

ViIieW Manipulation.......c.ccccuieecuieiiieniieeniieseeesieeseeesiteeseeeteeesseeeseeessaeesseessnesseesns 171

CONTOUT OPLIONS ..veeueiieireeiiierreesieerte ettt esteestteessteessseessaeessseessseesssesssseessseessseessaeens 171

MOAE] PATAMELETLS ....eeuvievvieiiieeiieeieeieesteete e eteste e e ste e teesaeenseeseesseesseessaessesssesssesseesseeseensesnsas 176
WiInFlow/WinTran Parameters ..........c.ccvervieeieiiieiieeiienie et esteereeseesseesseesseessesssessnesanes 178
FIOW Par@QmeELers .......ccveivieiiieriieiieieeieesieesieenreeesesseestaesteessesssessnesseesseeseensesssesseensenns 178
Transport Parameters.........c.eevuieriiiiiieiiieiieeeie ettt ettt et 179

TIME SEPPING ..eevvieereeiieeiieeiierie ettt et e et eteetee st aesreesseeaesseesseesseenseenseensenseenseens 181
AUtoMAtiC CalIDIALION .....veeiveiieiieiieie ettt ettt ettt et e esaessa e se et e ensesneesseesseeseenses 182
Menus and Dialogs 185
INEEOAUCTION ...ttt sttt et e e sb e e s e ese e beesseesseesbeessesseesseeseensesnnas 185
FILE IMEMIUL ...ttt e e st st e st e et e e b e esseessessaessaesseenseessessaesseesseensesnnas 185
N W ettt ettt et e s et e st a e st e ettt e st e eshb e e ab e e hte e st e e nbbeenaneens 185

(0015 s BTSSRSO PPOUPPRRPPPRUTPN 186

(03 10T USSR 187

SV ettt ettt ettt e et e e ta e e bt e e teeebee e baeebee e taeebeeetaeenreeeaaeenreas 187

SAVE A S utiiiiieeiieeiee et te et e et e et e e bt e e te e et e e taeebe e e bt e eba e e taeebte e taeanbeeatreenbeeesaeenreas 187

Print, Print Preview, Print Setup........ccocorieiiriieee e 187

PAZE SELUP ...t et 187

0587 0T0) o ST PSUSURUPSRURN 193

LY 3 O RUUSRPS PP 193

IMPOTE WIS ..ottt et e s aeesbe e s e essesssenseens 194

Import Wizard — Time/DrawdOWn .........c.cccvevvieriieiiiieiieneeie e eee e eve e seeens 194

Import Wizard — Pumping Rate.........ccccceevieiiiiiieiicieseeeee e 199

EXPOTE .ttt st sttt st e st e st et e e 205

TS5 1 L« B RP 206

Most Recently Used Files.......ccooverieiiieiiiiieniieieieee et 206

EEXIE ettt ettt ettt ettt ettt et a et e st et et e be st ete st ententensenensentas 206

e LY (<5110 PSPPSRt 206
Cut, Copy, Paste, DEIete.........ccorieiieiieieeieeeeee et 206

UNAO ottt ettt s et e b e e e ete e s te e be et e esbeesbeete e te e beenbeenneaneas 207

SCIECE AlL ...ttt ettt ettt e et e e b e e rbeeraeeaeeere e reenns 207

Select Data BOUNAS .......ccviiiiiiiiiiciieicceceeeete ettt sttt 207

Graph Items/Map Items/Analytic EIEMENtS .........cccccvereerierieiienieneenie e seeeniens 208
Reference HEead ........coovvviiiiiiiiice ettt 208

Guide to Using AquiferWin32

Contents ¢ v



RECharge EIIPSE......cccveiiieiieiiiie ettt ettt ettt e et esse s enbessseennens 209

Graph/Default Well Graph ..........ccooveiieiiiieieieee ettt 211
AT 10T o) USSP 219
0 Tedeq (eI 1< o TP URURS 226
TOZEIE TYPE CULVE....c.eeiieieeeieiiete ettt ettt ae e st e e ese s e sneenseenseens 226
TOZELE DAA SEL ...ttt ettt 226
Group Optimize Parameters ............cocieruieiirienienieeee e 226
FIOW MOGEL ...ttt ettt et et e et e e aeesaaeestbaesnaens 227
IMOAEL ...ttt ettt ettt et e e ab e sra e s te e aeebe e e eteeeaeereens 233
STttt ettt ettt ettt ettt et e et e et e e et e e e bt e enbee e beeenbeeanbeeasbeeenbaeasteeenbeennteas 236
AGUITET TOST..uiieiieeiiieciie ettt et e e et e et esteeenbeesteeesbeesnsaeenseesnsaeenseasns 238
STMUIATION ..ottt e e beebe e e e e e e eseesseesseesseessesssenseennas 249
ANALYSIS ...veeitieiiieiieeeiee ettt ettt ettt e e et e b et e e be e be e b e enbesreeeteenseenseesbeesseenaens 252
UNIES ottt ettt et et et e s eae s seesseenseenseesseesseessenseenseenseensesnseenaesneenns 255
UNIES = V2SS, .eeuieiieiieieeieeteeitestee st e e etesaesseessee st esseensesseesssenseenseenseensesssensaesseenses 257
L0 o 21 10 USRS 259
3D Manipulation.......ccueeeeeeeseieieeie ettt ettt et et ne et e e ne 261
13T o TSRO SUUUPRUPRRURUPN 262
APPCIA ..ttt ettt et n e r e be e beeeeeneas 262
DIELELE ..ottt e et et e et e et e enbae e taeenbeeetaeenseeans 262
T ) 4 USSP 262
COIUMN CONVEISION....cccutieieiieeiieiiienieerieesteesteeseeessaeeseeesaeessseesseeasseeessessnseessseesns 262
SOIUtioN REZISLIAtION ......ecvieieieiiieiieiiete ettt seesteesteebeesaesraesaeesseeseenns 263
OPLIONS L.vvivieiieteeteeteste st este e bt eteeseesseesseesseesseassesssesaesseassesssesssesseeseensenssenssensenns 265
VIEW MBIU ..ottt ettt ettt et e st e st e beesbeesaesstesseesseesseesseesseessessseseenseensesssesnnas 267
Standard TOOIS......c.eecvieieiiecieeee ettt s 267
MALCH TOOIS. .. .eieeieeiieciieieeeee et ettt e s e st e st e sseenseenseensenneens 267
ANNOLALION TOOIS ..euiiiiieiieiieiiee ettt ebe e saees 267
ANALYLIC TOOIS .ottt ettt ees 268
157 oI 0T F USSR 268
TOO0IDAT OPLIONS ....eeueieiiieiieieieetiete ettt ettt ettt see et e et e e e saeenteenteeneeeneens 268
110 I 7 S PSPPSR 269
(0015101117 PRSPPSO 269
COIUIMNS ..ottt ettt ettt e st e st e bt esbeesbeesaesbeesbeessesssesseesseesseesseessenssenseesenns 269
WEIL DIAtA.....ui ittt ettt et e ea e et et a e be e e esbessaesseesseesseenseessenssenseens 271
CHP DALA ..ottt ettt s et ebessaesseesteesseeseenseesaesseeseens 272
Automatic Refresh.........oocuveiiiieiieiicec s 272
RETTESN ..ottt et sneenneens 272
16 o) 1 T B T USSP 272
2707 s o USRS 272
WINAOW .ttt et e et e s te e et e e s beeeabaesnbeaesbeessbaassseesssaessseees 273
FULL <ttt ettt s e e be bt e st e st eneensennenreneas 273
Display BOUNGS .....c..ooiiiiiieieee e 273
Reference Head .........cocueiiiiiiiiiieeee ettt 273
ReCharge EIIIPSE.......oouiiieiiieiieieeieee ettt 273
DISPIAY MAP ..ttt ettt e et e et e e e s aeesseenseesbeesbeenaen 273
HeEad CONEOUTS .....uiieiiiiieitieieeie et ete sttt ettt e ste et a e e esbessaesseesseesseesseesseessesseensenns 274
Display Color FIOOM .........coveiieiiiiieiieiesiieteeie ettt sve s esvesssesneens 274
PrediCted....ooeeeiieeieieeie ettt ettt as 274
Default Le@end ........coooveiiiieeieeee ettt 274
RESEE 3D ettt et 274
FUIL SCIEOM.... .ttt ettt st te e e s beeeabeessbeessseessbaesnseenes 274
PN Ld 1Y (55 1 10 BTSRRI PRR PSR 275
1 OO S RSO 275
PaTAIMETET .....c.uiieiieeiie ettt e e e et e et eeteeenbeeesteeenbeeensaeenseeensaeenseeans 276
SYMDOL ...ttt st 278

vi e Contents Guide to Using AquiferWin32



FIAIC...ooiiiieeeeeeeeeee et 279
33T USSP 282
Yo 1 [ 2 - TR 285
WELL....ceeeeeeeeeeeeeeeee e e e e et e e e e e e e e et ee e e e e e e eeanee e 286
Head/FIuxX LINESINK .....ouvviiiiiiiiiiiiieee ettt e e e e e e e snaaaeees 292
o) 4 T SRRSO 297
)2 5 (o) [T ORO PSRRI 302
SETEAMIINE.....oeiiiieiiiiiiec et e et e e e e e e et aae e e e e eesennaaareeeeeeean 303
) 53 TS O LTS £ PR 303
CHICLE CIUSTET ...ttt e et e et e e e e e e e eeateeeseaaaeessnaeeeas 304
TATZEE ..veeeeeieeiee ettt ettt sttt st e et e e st e et e e s beeeabeesnbeennbeesnbeennbeens 305
LN CalCUlation .......cvvviiiiiiiiiiiieeccee et eaae e enaeee s 308
OPHONS IMEIU ...ttt ettt et e e e ae st e sseesseeseesseensesseesseanseenseensesssesssesseenseensesnsesnses 311
IMAD .ttt et e b e et e hb e at e e hteenabeesabeenaneens 312
COMEOUL .....coeiiriieee e ettt eeeec et eee ettt e e e e e eeeettaaeeeeeeeeeettseseeeeeeeesstasseeeeeesennnrnees 319
TACE et e e ettt e e e e et e e e e e e s e e e teeeessenaaaaeeeeessennraraes 328
TTANSIENL ...ttt e e ettt e e e e e een e aeeeeeeeesenaaeeeeeeessesaaseeeeeessennnneees 332
ReECAICUIAtE TTACES. ... et e e e s e aaeeeeas 335
Constant Reference Head ..........oooovviiiiiiiiiiiiieeeee e 335
SIMUIAtioN SUMMATY ..c..veiiiiiiiiiiece ettt 335
Z.6T0 CONCENIIATIONS ...vvvvvveieeeieiiiieeeeeeeeeeitteeeeeeeeesateeeeeeeeessaaeeeeeeeseesaareseeesseesanrenes 335
] v 1 SRRSO RUURTRRRRRRPINY 336
Snap Wells to Contour GIid ...........cceeverierierieeiicie ettt ees 336
(@81 (oY (= 11 TSROSO 336
C0AISE & FINE.....oiiiieiiiieeee e 336
50 1o g A 4 (T U ) USSP 336
(5] 511011/ USRI 336
OPHMIZE GIOUP ...ttt ittt ettt ettt ettt et et e ss e sseesse e et eneeeaeesneesseeeeeneeeneesneens 337
ReESEt Data OFFSEt.......eeeveiiiiiiieeeieeee ettt e e e e e eeeaaareeeas 337
Recalculate TYPE CUIVES .....eeruieiieieeiieeiiete ettt ettt eneesneesneens 337
Match Early Data........cccoieriiiiiiiiiiieteeeeeet et 337
Y E1ve] o0 7 110 D 7 v RO 337
RECAICUIALE ...t e e e e eeaaae e s eaaeeean 337
RECONEOUT ...t e e e et e e e e e eenaareees 337
POINE CAIC . e e et e s e eate e e eenaaeeseaneeean 338
A 1T o T D 1 - R 338
TArZEt STALISTICS 1uvvevieiieieeie et ete ettt et et e e e teeaesaesaeesseenseenseensesseanseenseensens 339
DIAWAOWI ... e e e e et e e e e eenaeeeeeaneeean 339
OPptMIZE MOAEL.......eiiiiiiiiiee ettt et enee e 340
Derivative ANALYSIS ...ccueeoiiiieiieriieie ettt ettt et eneens 340
Derivative OPtimiZaAtioN .........cceeueerieriieiieieeeiesteee ettt e et e e eeeeneeas 340
OPLIONIS 1eeeieeiiieeiie ettt eriteeteeeteeeteeeteeebeeeteeeteessseeesseesnseeansaesnseaasseesnsesnsseesnsesnnseesns 340
Data COMVETISION .....uuviveieiiee it eeeeeeett et e e e e eeraae e e e e e eeesaaeeeeeeeeeesasareseeeeseenaareneas 341
IMOAEL IMEIU ... ettt e ettt e e et e e et e e senteeessmaeeesensaeessnaeesenns 342
WINAOW MENU ..ottt e e e e et eeeete e e s eaaeeeenaaeessenaseessnneeeseseeeeenns 342
CASCAC. .....eveeeeeeeeeeeeeee ettt ettt e e et eaaa e e eaeeeas 342
Tile HOTIZONLALLY .....oooviiiiiiieiicic ettt sae e enbesnsesnnens 342
THle VertiCally....cc.eeoiieiieie ettt e e e enee s 342
ATTANEZE LCOMS .ottt ettt ettt e sat et e st e e sbteesaneens 342
N 0] U P 342
WINAOW 1, 2. oottt e e e e et e e e e s e e naraaeeeesessnnareeeas 343
HEIP IMEINU ...ttt ettt ettt ae et e bt et ent e e st e e s e e beenseenaeeneeenees 343
HEIP TOPICS .eviieiiieeiie ettt ettt ettt et e e e s te e e be e sabeesabeessbeessbeesssesnsseesssaennseenes 343
SOIULION HEIP...ouvieiiieeiieiiictiecteeteee ettt b e e s sre e re e ens 343
WHAES THIS? ...ttt e e et e s e e e e e eenaaeeseaaeeean 343

Guide to Using AquiferWin32 Contents e vii



TP OF the DAY .c..eouieiieieieee ettt 343

ADOUt AQUITETWIN32 ...ttt ereesreeneens 344

ADOUL WINFLIOW .....iiiiiiiiieieeeeee ettt 345
Miscellaneous Dialogs and Property Sheets ...........ocvvierierieriieiie e 346
Regression Line INformation.............ccoeceeeieriieiiieiieiie et 346

Symbol INfOrmation. ..........coeeeruieiieiieieee et 347
AdVanced SOIULION .......ccueieiiiiiieciee ettt et e re e e beeebeesebaesaaeens 348
Header/FOOLer INAIMIE ......cocuvieiieeiie e eieeeieeeteeete e et esveeseveesbeessbeessbaessseessseensneenes 349
Selection Edit OPtionS.......ccuieiieeiiieieeiie ettt eiee et e et e sreesbeesreesbeesnveesnsees 349
WINFLIOW UNIES 1vviiiiciiiciiecieecie ettt ettt teeae e e sreesreesneenseessessnenseens 352
WINTTAN UNIES...utiiiiiiiiieeiie ettt e st e et e steeetaesteeesseesnteessseesnsaennseesns 352

Le@end WIZArd ......cveoviiiiiieieeie ettt s s aeesse s e esseensesneens 353
WinFlow and WinTran Parameter Tabs ..........cccoeeviviirieniieciieieeiecieeeee e 359
ParamELers ......eeeeiiiiieiiieee e ettt s be e st 359

FLOW ..ttt et s e st e s se e ae e s e et e et e e st e st eteenseensenn 360
TLANSPOTE ..ttt ettt ettt et e e st e st e sbeeeabeesbeesabeesbaesabeenas 361

SOIVET ittt e e et e et e et e e be e e ra e e bt e e taeenbeeetaeenreeebaeenreas 362
WinFlow/WinTran Mathematical Models 363
Steady-State MOAEL ........cccveviieiieiieiieie sttt ettt ta e st esbe e beeseesaeseeeeseenneenes 363
Transient MOAE]........coiiiiieiieiieiectec ettt ettt s b et e e b e esbeesbessaesaeesseenseennas 367
BaSic MOAEIS ....oouvieiieiiieciieieeie ettt ettt st et eneenneenneens 367
Implementing Ponds and Linesinks............cccveierierienienenie e 370

Solute Transport MOAE] ........cocuieiieiieieeieciertee ettt e e e ensesnnesneanes 371
TNEEOAUCTION ...ttt e et este e et e e e beeesbeeesbaeenseeensaaenseaens 371

The Hybrid APProachi.........ccooveiiiiieiieiieeeeeee ettt 372

The Finite Element Transport Model ...........ccoooieiiiiiiiiniiiee e 373
WinFlow/WinTran Verification 375
INEEOAUCTION ...ttt ettt ettt e st e st et e enseensessaesseesseenseensennnas 375
Steady-State MOACL ........coieriieiieiieieeie ettt ettt ns e s e eeneeneenes 375
Case 1: Uniform Flow with a Single Well..........cccoooiiiiiiiiniieeeeee 375

Case 2: Benchmark with SLWL......ccccooiiiiiiiiiicccee e 377

Case 3: Benchmark with Numerical Model...........cccceevireiiiiiiieeiie e, 378
Transient MOAE........ociiiiiiiieieciececeeee ettt ettt et et b e et e esbeeaeeseeesaeeaeennas 383
Case 1: Drawdown from a Single Well .........cocooiiiiiiiieeeee e, 383

Case 2: Drawdown from a Single Well in a Uniform Flow Field ..............c.cc....... 384

Case 3: Calculation of Well Function Tables..........cccocvvevieniiiiieienienieieeee e 385
TransSpPOrt MOAE] ......coouiiiieiieiieieeieeteete ettt ettt et e e b e esbeesbesssesteesseeseensesnnas 389
INEEOAUCTION ...ttt ettt e s te e e e aessaesseesaeesseesseessesssensnens 389
Comparison to an Analytical SOIUtION.........ccceevieriircieiieriec e 389
Benchmarking with SEFTRAN ........cccoeiiiiiiiieieeeeee et 394
WinFlow Application Guide 415
WINFIOW ASSUMPLIONS ....ocvviviiiieeiieiieiiieieeiteesteete et et e eteeseesbeessesesesaeesseesseessesssesssessseseessens 415
Analysis 0f Remedial ACLIONS .........ccieeviiiiiieriieie ettt ettt et eaesee e e saeebeessesseesseesseesseas 416
Pumping Test Analysis and DESIZN .........ccveeviiviiiieiierieeie ettt e sre e s aessaeseees 417
RegIONAl MOACIING ......ccvvieeiiiieiieiieiiete ettt ettt ste et e b e e esbesteesteesseeseenseennas 417
WeEll Head PrOteCtiON. ... .ecieiieiieiieiieie ettt ettt et et et e et eeneeesaesnaesseesseenseenseennes 417
WinTran Application Guide 418
INEOAUCTION ...ttt ettt ettt e et e eteeete e be et e esbeesbeessestsesseeseenseennas 418
WiINTTAN ASSUMPLIONS ...eevveeiiieiieeiieeseeetteestteeteeesteeteeesseeeteeassaeesseeaseeesseesseesssessssesessesans 418

viii e Contents Guide to Using AquiferWin32



MEMOTY REQUITCINENLS .....cvieevieiieriieiieiieteeiesteseesteesteeseesseeseesseesseesseesseessesssesseesseesseessesses 419

Problems with Model Stability .........ccocvierieriiiiiiieieeceee et 419
Analysis 0f Remedial ACHIONS ........ceouieiieiieieeiesieieee ettt seae e enas 422

Setting Up the FIOW Model .......cocoeiieiieiieieieteeee e 422

Setting Up the Transport Model ..........cooverierieriieiieiecieseeee e 422

Simulating Biodegradation ............cooieiieiirienieie ettt 423
Performing RiSK ASSESSIMENLS .....ccuevuiiiiieiiieiieie ettt sttt eseeesae e e enees 423
Digitized Maps 425
Digitized Map File FOIMAL ........c.cociiiiiiiiiiiciecieiece ettt s 425

DXF TTANSIAOT ...c..ctitiiiieeiteiietet ettt ettt et sttt ettt 427
References 429
ASTM SEANAATAS .....eeeeneeeieeeee ettt ettt st b et s et e et e seenbeseeeeeeneene 429

BOOKS ..ttt bbb bbbt be st e b e 429

JOUMNAL PAPEIS ...c.viiiiiiieii ettt ettt et et st e e st e saeebeesbeesbeesbeessesseeseensensseennas 430
SOTEWATE ...ttt ettt ettt s h bt et a et et e b bbbt e st et et et e b 432

Index 433

Guide to Using AquiferWin32 Contents e ix






Introduction

Combined Manual

Aquifer"™2 WinFlow and WinTran are now basically the same product. With the
exception of the program name, the default icon, and the types of document files you
can create everything is the same. An Aquifer™™? Flow Model document file is
identical to a WinFlow document file and the user-interfaces are identical as well.
We no longer sell multiple products and only sell the Modelling Version of
Aquifer"™?

What is Aquifer"'"*??

Aquifer"™” is the most sophisticated and most Windows™ compliant application

for the analysis and presentation of aquifer tests including pump tests, slug tests, step
tests and analytic element flow and contaminant transport models. The analysis of
these data incorporates a wide variety of solution types with comprehensive plotting
features.

AquiferWir132 comes in four different versions, Modeling, Professional, Standard, and

Slug Test. Aquifer™™? is an OLE Full Server allowing the results to be linked to or
embedded in OLE client applications. The Slug Test version is limited to the
analysis of slug test data using any one of the 6 slug test solutions; these solutions
range from the simple Hvorslev to the complex Kansas Geological Survey (KGS)
Model supporting confined or unconfined conditions, partial penetration, well skin
effects and the response of a monitoring well. The Standard version adds over a
dozen pump test analyses including solutions for confined, leaky confined,
unconfined and fracture rock aquifers with support for variable pumping rates,
partial penetration, delayed yield and well bore storage. The Professional version
adds derivative analysis, Step tests and a Pump Test Simulator. The Modeling
version extends many of the pump test solutions into a modeling environment
supporting any number of pumping wells with variable pumping rates. Output
includes contour maps of hydraulic head or drawdown, color floods, particle traces
and graphs of drawdown versus time at any number of monitoring wells. Auto-
calibration to any number of transient targets is also supported.
The following are some of the most important features of Aquifer™™?;

About data entry...
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As simple as entering or importing data into a spreadsheet, characterize pumping
and monitoring well, select solution type and match data

Alternatively, designed as a repository for raw aquifer test data with
programmatic data conversions

» Define a site plan including a site map, well locations and well construction
information

» Define an aquifer test including pumping schedule, wells monitored and
raw drawdown versus time data

» Define an analysis by grouping wells, transforming and clipping well
response data, optionally adjust for radial distance on a well by well basis

About data analysis...

>

>
>
>

Y

YV V V V V

Primary support for traditional manual curve matching techniques
User selectable and unlimited type curves on curve match graph
Multiple parameters available as type curves for many analyses

Graphically visualize the impact of specific parameters with custom type curve
suites

Extensive curve match optimization capability

»  Control which parameters are optimized

»  Set minimum and maximum bounds on parameters
» Optimize any parameters across multiple data sets

Manual and optimized curve match of the first-order derivative of the data to
first-order derivative type curves

Support for variable pumping rates

Pump test simulations with contour maps and time/drawdown graphs
Steamline and particle trace analysis

Analytic element modeling with recharge, ponds, linesinks etc.

Auto-calibration of flow modeling parameters

About units...

»  Full control of parameter and data units on a parameter by parameter and well
by well basis

»  On-the-fly unit conversions

» Peer review process assisted by instantaneous global unit conversions without
affecting match results

» Parameter-based unit conversion calculator

About graphics...

»  Full control of graphs including size, titles, axes, colors, fonts, dash patterns and

line thickness

2 e Introduction
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YV V VYV V V

Type curve graph, predicted drawdown curve through data points, observed
drawdown data

Contours of predicted drawdown at a given time and predicted drawdown versus
time data at any number of monitoring wells

Annotate maps and graphs with text, parameters, symbols, lines, frames and
legends

Frames support display of bitmaps and metafiles

Exports to DXF, Windows Metafile and ArcView™ Shapefile formats
Site map and well location plan displayed in map view

Color flood maps in addition to or as an alternative to contour maps

Three dimensional perspective display using the Visualization Toolkit (vtk),
written and copyrighted by Ken Martin, Will Schroeder and Bill Lorensen.

About printing...

>

>
>
>

WYSIWYG printing with Print Preview of all views
Customizable margins and scaling
Customizable headers and/or footers supporting bitmaps and metafiles

Supports any Windows™ printer driver

About Windows™ features. ..

» Multiple Document Interface

» OLE Full-server supporting linked and embedded items

» Copy views to clipboard as metafiles and OLE objects

» Tab views including spreadsheet, type curves, predicted curves, map and

simulator

» Data spreadsheet in split window

» Context-sensitive help

» Context menus

»  Property Sheets (Tab Dialogs) to maximize ease of use

» Tip of the Day

» Dockable toolbars with tool tips

Slug Test Analyses

Hvorslev, 1951 Time Lag and Soil Permeability in Ground-Water
Observations

Bouwer & Rice, 1976 Slug test for determining hydraulic conductivity of
unconfined aquifers with completely or partially
penetrating wells

Black, 1978 The use of the slug test in groundwater investigations

(Modified Bouwer & Rice unconfined aquifer slug
test analysis using an exponential type curve)
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Cooper, Bredehoeft & Papadopulos, 1967 Response of a Finite-Diameter
Well to an Instantaneous Charge of
Water

Hyder, Butler, McElwee & Liu, 1994 Slug tests in partially penetrating wells
(KGS Model including well skin and
monitoring well response)

Kipp, 1985 Type Curve Analysis of Inertial Effects
in the Response of a Well to a Slug Test
Pumping Test Analyses
Cooper and Jacob, 1946 A generalized graphical method for evaluating
formation constants and summarizing well field
history. (Cooper Jacob Straight Line Method)
Theis, 1935 Constant discharge from a fully penetrating well in a

nonleaky aquifer*

Theis, 1935 (Unconfined) Constant discharge from a fully penetrating well in a
nonleaky aquifer*

Theis, 1946 (Recovery) Recovery test after constant discharge from a fully
penetrating well in a nonleaky aquifer

Hantush, 1961 Constant discharge from a partially penetrating well
in a nonleaky aquifer*

Papadopulos and Cooper, 1967 Constant discharge from a fully penetrating well
of finite diameter in a nonleaky aquifer*

Hantush, 1960 Constant discharge from a well in a leaky aquifer
with storage of water in the confining beds*

Hantush and Jacob, 1955 Constant discharge from a fully penetrating well in a
leaky aquifer*

Hantush, 1964 Constant discharge from a partially penetrating well
in a leaky aquifer*

Neuman, 1972 Theory of flow in unconfined aquifers considering
delayed response of the water table*

Neuman, 1974 Effects of partial penetration on flow in unconfined
aquifers considering delayed aquifer response*

Moench, 1984 Double-Porosity Models for a Fissured Groundwater
Reservoir with Fracture Skin*

Moench, 1985 Transient Flow to a Large-Diameter Well in an
Aquifer With Storative Semiconfining Layers*

Moench, 1997 Flow to a well of finite diameter in a homogeneous,
anisotropic water table aquifer

* Analysis available for use in pump test simulator

Step/Variable Rate Test Analyses

Eden and Hazel, 1973 Step-drawdown test analysis for fully penetrating
well in a confined aquifer. Determines well
losses and aquifer transmissivity.
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Birsoy and Summers, 1980 Variable or intermittent discharge rate analysis
for well in a confined aquifer. Determination of
aquifer transmissivity and storage.

Model Solutions

Theis, 1935 Constant discharge from a fully penetrating well
in a nonleaky aquifer

Hantush, 1960 Constant discharge from a well in a leaky aquifer
with storage of water in the confining beds

Hantush and Jacob, 1955 Constant discharge from a fully penetrating well
in a leaky aquifer

Neuman, 1972 Theory of flow in unconfined aquifers
considering delayed response of the water table

WinFlow Analytic element flow model developed by ESI

WinTran Analytic element flow and Finite element

contaminant transport model developed by ESI

What is WinFlow?

WinFlow is a powerful yet easy-to-use groundwater flow model. The user-interface
represents the most sophisticated and Windows™ compliant available today.
WinFlow provides an extensible common user-interface for analytical analyses and
models capable of hosting other calculation engines in the future.

WinFlow is an interactive, analytical modeling tool that simulates two-dimensional
steady-state and transient ground-water flow. The steady-state module simulates
ground-water flow in a horizontal plane using analytical functions developed by
Strack (1989). The transient module uses equations developed by Theis (1935) for
confined aquifers, Hantush and Jacob (1955) and Hantush (1960) for leaky aquifers,
and Neuman (1972) for unconfined aquifers. Each module uses the principle of
superposition to evaluate the effects from multiple analytical functions (wells, etc.)
in a uniform regional flow field.

The steady-state module simulates the effects of the following analytic elements in
two-dimensional flow: wells, uniform recharge, circular recharge/discharge areas,
and line sources or sinks. Any number of these elements may be added to the model,
including a uniform regional hydraulic gradient. The model depicts the flow field
using streamlines, particle traces, and contours of hydraulic head. The streamlines
are computed semi-analytically to illustrate ground-water flow directions. Particle-
tracking techniques are implemented numerically to compute travel times and flow
directions. Both confined and unconfined aquifers are simulated with the steady-
state module.

The transient module simulates the effects of wells, circular ponds, linear
sources/sinks, and a uniform regional gradient for confined and leaky aquifers.
Numerical particle-tracking is also available in the transient module. The transient
module computes hydraulic heads using the Theis (1935) equation for confined
aquifers and the Hantush and Jacob (1955) or Hantush (1960) equation for leaky
aquifers. Neuman’s method (1972) can also be used for unconfined aquifers with
delayed yield from storage.

In addition to the WinFlow calculation engine described above, WinFlow extends
other analytical solutions from the popular Aquifer™™?* pumping test analysis

application into its modeling environment. These additional solutions support any
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number of pumping wells with variable pumping rates. Auto-calibration to any
number of transient targets is also supported for these additional solutions.

WinFlow is simple to use and highly interactive, allowing you to create an analytical
model in minutes. The software features standard Windows pulldown menus and tab
dialogs to facilitate the model design. The model is recomputed and recontoured
either by selecting a menu item or by pressing a toolbar button. Streamlines and
particle-traces are added interactively and recomputed each time new wells or other
elements are added.

WinFlow can import a Drawing Interchange Format (DXF) file (from AutoCAD for
example) to use as a digitized base map. QuickFlow and ModelCad-format map
files may also be imported into WinFlow. The digitized map gives the modeler a
frame of reference for designing the analytical model.

WinFlow produces report-quality graphics using any Windows device driver.
Output may also be exported to a wide variety of file types, including SURFER,
Geosoft, Spyglass, Windows Metafiles, and AutoCAD-compatible DXF files.

What is WinTran?

WinTran is designed to be an easy-to-use model for simulating the fate and transport
of dissolved contaminants in fully saturated groundwater systems. The WinTran
model couples the steady-state groundwater flow model from WinFlow, with a
contaminant transport model. The transport model feels like an analytic model but is
actually an embedded finite-element simulator. The software automatically
constructs the finite-element transport model so that you may quickly get answers to
your groundwater problems.

The steady-state flow model in WinTran uses analytic functions developed by Strack
(1989) to simulate the effects of wells, uniform recharge, circular recharge/discharge
areas (called ponds), and line sources or sinks. Any number of these elements may
be added to the model. The model depicts the flow field using streamlines, particle-
traces, contours of hydraulic head (water levels) and color floods of hydraulic heads.
Both confined and unconfined aquifers may be simulated with the WinTran flow
model.

The contaminant transport model uses a finite-element formulation whereby the
finite-element mesh is identical to the head contour matrix. The contour matrix is a
rectangular array of points where head is computed by the flow model. WinTran
computes groundwater velocity at each "node" in the contour matrix for use in the
finite-element transport model. Diagnostic information is displayed on the status bar
at the bottom of the window as the transport model runs. These data alert you to
potential problems in the numerical transport model. These diagnostic data include
the mass balance error, Peclet number, and Courant number. If these error criteria
indicate problems, you may stop the simulation, choose new simulation options, and
start the simulation again.

Contaminant mass may be injected or extracted using any of the analytic elements
from the groundwater flow model, including wells, ponds, and linesinks. In addition,
constant concentration elements may be placed in the model to keep the source
contaminant concentration at a specified value. WinTran displays both head and
concentration contours. Concentration versus time data may be calculated and
graphically displayed for selected monitoring locations. The transport model
includes the effects of dispersion, linear sorption (retardation), and first-order decay.
The latter may be used to simulate the biologic decay of organic compounds, such as
benzene or the radioactive decay of elements such as uranium.
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WinTran can import a Drawing Interchange Format (DXF) file (from AutoCAD, for
example) to use as a digitized base map. The digitized map gives you a frame of
reference for designing the flow and transport models.

WinTran produces report-quality graphics using any Windows device driver. Output
may also be exported to a wide variety of file types, including SURFER, Geosoft,
Spyglass, Windows Metafiles, and AutoCAD-compatible DXF files.

Installation

Aquifer™? and WinFlow are distributed on CD-ROM and use a sophisticated

installation wizard that is similar to other Windows™ products. You simply run
“Setup” from the CD-ROM and follow the directions as the installation proceeds.
Start by placing the CD-ROM in the drive. Now, select Run from the Start menu
and enter the following:

d:\setup.exe

You must first agree to the "ENVIRONMENTAL SIMULATIONS SOFTWARE
LICENSE AGREEMENT" in order to continue installing the software. The next
page prompts for the directory where the files will be stored. The default is
"c:\aquifer3" or “c:\winflow3”. If you would like to place the files in a different
directory, click the Browse button and locate a new directory. Click the Next button
when you are done. Select Cancel at any time to terminate the installation process.
The next step is to decide which optional components to install. By default, example
files are installed and documentation files, in .pdf format, are not. Click the Next
button after checking the optional components you want to install.

The next page of the wizard allows you to specify the name of the submenu to add to
the Start->Programs menu; the default name is AquiferWin32 Version 3 or
WinFLow Version 3. To change this, you may select from an existing submenu
listed or type a new name. Select Next to accept your choice. Finally, select the
Next button again to begin the installation. After all the files have been installed,
another wizard will be started to install the security block device driver; you must
have administrator rights to install this driver. After the device driver installation is
complete, click the Finish button on this wizard and on the main installation wizard.

Optionally Obtaining a Security Code

Win32 and WinFlow are protected by a security block (dongle) or an optional

Aquifer

security code that is tied to the computer you install it on. By default, Aquifer" ™
and WinFlow both ship with a security block. If you opt for a security code instead,
you are licensed to run Aquifer"™? or WinFlow on only one computer and you must
obtain a security code in order to complete the installation. If you obtain a security
block, you are licensed to install Aquifer"™? or WinFlow on any number of
computers; however, Aquifer™™? and WinFlow will require the security block to be

installed on a given computer before its full functionality is activated.

If you have a security block, plug the block into the parallel port on the computer and
start the program. If you do not have a security block, registration is a three-step
process. The first step is to select the Help->About menu to display the About
AquiferWin32 or About WinFlow dialog as below.

Guide to Using AquiferWin32
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About AquiferWin32

%g Aquiferwin32 Verzion 4.00 0K
o Developed by:
Doug Rumbaugh

Jim Rumbaugh
Copyright & 1997-2010 E nvironmental Simulations, [nc.

Operating Systern: Microzaft WindowsMNT 5.1 [Build: 2600]

Matice

Thiz software uzes the Yisualization Toolkit [vHk], writhen
and copyrighted by K.en Martin, 'l Schroeder and Bill
Lorenzen. The authars of wik has granted permizzion o
wze, copy, and distribute itk while retaining their copyright,

Click the Register button to display the AquiferWin32 Registration or WinFlow
Registration dialog as below.

AquiferWin32 Registration

ﬁ, Aquifersfindz Werzion 4.00
i Copyright 2 1337-2010 Environmental Simulations, [ne.

Secunty Code:

Autharization Level: |M'3"j3"”5| Werzian j

YWhen uging a hardware lock [donale), you do not need a security
code. |f the Authonzation Level zays Student Werzion your
hardlock iz not working properly. |7 that caze, vou probably need
new drivers for the lock. Send an email to
supportiEgroundwatermodels. com and we will zend vou a link to
the latest driverz. [n addition, when uzing the hardware lock, the
Security Code field above must be blank. |f pou received a
temporary secunty cade prior ta abtaining the hardware lack, yau
riuizt delete that code from the field abowve.

8 sehi Btk |7LPAXKAD-GOHZ-CC53

o

The dialog will display a System Code which can be copied to the clipboard (you do
this by highlighting the system code and pressing Ctrl-C) and pasted into an email to
be sent to aquifer@groundwatermodels.com or aquifer@esinternational.com. We
will reply with a security code that you paste or enter into the Security Code field in
the above dialog. Alternatively, you can get a security code by calling either ESI in
the United States at (610) 670-3400 or ESL in the United Kingdom at +44 1743
248600; however, it is strongly recommended that the transaction be done via email
since the codes are rather long.

If the security code is invalid or expired, the program will run as a demo which is
fully functional without exports, printing and OLE.
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Uninstalling the Software

Uninstalling Aquifer*"*?

Aquifer"™? and WinFlow are uninstalled like most other software packages. Click

the Start->Settings->Control Panel menu, double click on the Add/Remove
Programs icon, locate "AquiferWin32 Version 3" or “WinFlow Version 3” in the list
box and click the Add/Remove button. At this point, you have 3 choices: (1) select
Automatic to quickly remove all of the Aquifer™™? or WinFlow files, (2) select
Custom to determine which files will be deleted, or (3) select Cancel to end the
uninstall program.

The uninstall program will not harm any program files in your Windows directory or
any other directory. Only files placed on your computer related to Aquifer™™? or
WinFlow will be removed.

How to Use This Manual

You should start learning about Aquifer” ™ and/or WinFlow by working through the

appropriate tutorials in the next chapter. The tutorials are quite extensive and cover
most of the major concepts in Aquifer” ™ and WinFlow. You should also read the
chapter entitled Concepts to learn about the primary assumptions that Aquifer" ™
and WinFlow use in analyzing aquifer test data, simulating aquifer tests, and flow
and transport modeling. After you have read through these two chapters, you are
ready to start.

Technical Support

At times, you will have questions about a particular menu or property sheet. The
chapter entitled Menus and Property Sheets is a reference section that describes each
menu and property sheet. If you cannot find the answer to your question, try looking
at the index or search through the help file. Still puzzled? Call or e-mail the
numbers listed below, our technical support is always free!

United States:
(610) 670-3400

email: support@groundwatermodels.com

United Kingdom:
+44 1743 248600

email: aquifer@esinternational.com

We always keep the latest version of Aquifer™™? on the Internet. The updates are

available on our web site at http://www.groundwatermodels.com. You may
download the update file from our ftp site at any time. The update is a self-installing
program that should be run from Program Manager (or Start->Run) to install the
update.
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What’s New In Version 3.0

General

AquiferV™/WinFlow have been updated to include many of the things users have
requested. Every attempt has been made to make the application more user-friendly
and full featured. If we have missed something you feel is important, let us know.
We will continually be enhancing Aquifer” ™% WinFlow and all interim releases will
be free and downloadable from the internet until Version 4.0 is available.

The major changes are summarized below:

e New analyses

Kipp, 1985 — Type Curve Analysis of Inertial Effects in the Response
of a Well to a Slug Test

Moench, 1985 - Transient Flow to a Large-Diameter Well in an
Aquifer With Storative Semiconfining Layers

Moench, 1997 - Flow to a well of finite diameter in a homogeneous,
anisotropic water table aquifer

WinTran - WinTran is designed to be an easy-to-use model for
simulating the fate and transport of dissolved contaminants in fully
saturated groundwater systems.

e New functionality

On screen editing of items within legends

Legend Wizard — Enables easy setup of legends and optionally
automatically resizes legend, adds default parameters and maintains
position in the lower right corner of the graph or map

3D Perspective in Flow Model
Line Calculations and Distance/Drawdown graphs
Shapefile export of contours, particle traces, streamlines and wells

Shapefile maps now supported

Guide to Using AquiferWin32
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New Analyses

Kipp, 1985

The Kipp, 1985 analysis is used for slug tests that exhibit a sinusoidal response due
to inertial effects.

quiferWin32 - [Kipp]
] File Edt view Add Calc Window Help E

e =1 77 - » .

Time |Drawdown |+ i i
tsec)|  fm) Kipp Analysis
1]025 018
20058 0183 x

231|075 |0168 7 al
41105 |0143
5 (135 |0113
B

7

g
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o 8

] |
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165 (0079 7
2 0034 1
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235 [-0.009
K il

8 (27 (0037 VV
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|

11(35 |[-0.088

12(3.95 |-0.095 T
i LEGEND
13(4.45 |-0.082 i %

14[4.95 [-0.082 ' Transmissivity 99.3907 sq mid

146|545 [-0027 - Storage Coefficient 7.14e-002

16|6.05 |0.003 el O0-1
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18|7.25 |0.04

19|79 |0.037 3
AT, mate[[«] T+ A MatchData - Well 001 [ Stebap 3, Fredicted /.
For Help, press F1 Optimized [T =9$9.3907 |4 = 6.99895 [S=0.0714393 7 vald

1ot 10° 10! 0% 10? 10t
Dimensionless Time

Moench, 1985

The Moench, 1985 analysis is very versatile and supports all three Hantush aquitard
boundary types (Constant head, No Flow and Constant Head/No Flow) ) and allows
leakage from above, below or both. It also supports a line source well or a finite
diameter well including well bore storage and well bore skin.

EFile Edit Wiew Add Calc Window Help -1k 4
D =] Bl 2 K| [25e-005~| E| & » @]+ 3 » «
Time |Drawdown | + -
)| (it Moench =
Fgi]
102 [1.76 10
2]o5 |27 3 O
EN N EEE] ] v
4z 426 E O
5[5 |52 b
B (10 54 o'
7|20 (647 B
Bls0 [ssz B
g 100|711 2 4
100200 |7.2 b
11500 |7.21 o
107 o
12|1000 |7.21 =
13 ] Hydraulic Conductivity 13345.8 ftid
12 ] Specific Storage 9.713396-005 it
Gamma 2.46532e-005
15 i Sigma 0.0190547
16 ” Dimensionless Radial Distance 2000
7 e LI B 0 1) L) 1B 211 A1) B L L
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Moench, 1997

The Moench, 1997 analysis allows analysis of pump tests in unconfined aquifers in
which well bore storage and/or well bore skin are a significant factor.

quiferWin32 - [moen97] ]
EFile Edit Wiew Add Calc Window Help -1k 4
= =] =] [ 7 K2 o MR A S R AL
Time |Drawdown |+ T
(sec) m) Moench -
]
1 Ju28  [od28 0
2 |20 0.254 3 o]
3 (431 [osar ] d
+la28  os0e \ Rl A O
o= T
5200 |08 El
6431 0693 4
7 |us [osos o
8 2000 [o7m1 3
- E
8 [4310 (07158 2 B LEGEND
10[oz80 [0741 . IS

11|20000 |0.788
12(43100 |0.861
13|82800 (0957
14200000 (1.068

i

Transmissivity  L00e-003 sq misec
Storativity 2.038076-005
Specific ¥ield  0.196404

Beta () 0l

Ex/Kr 05

For Help, press F1

e ] Well Bore Storage 50000

16
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telf(re*rd)

19 +

:I}IE Malcllg tl * :I:IE MatchData - PD1_4  Site Map )\ Predicted /

Optimized |T=10,00100398 |5 =2.03807e-005 |Fi=0.1 |0.1 |In¥alid

WinTran

WinTran is designed to be an easy-to-use model for simulating the fate and transport
of dissolved contaminants in fully saturated groundwater systems. The WinTran
model couples the steady-state groundwater flow model from WinFlow with a
contaminant transport model. The transport model feels like an analytic model but is
actually an embedded finite-element simulator. The software automatically
constructs the finite-element transport so that you may quickly get answers to your

groundwater problems.
quiferWin32 - [ex1] X
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el & 7N
=} Legend Object = —
®(521,22) ¥ (105,12) — T
=1L} Recharge Object Foci]
B % (2000.00) ¥ (2000.00 e}
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e > 2 )
= ﬂ H ) Lt ™ = 2fs'
- '__4_——§" @ -~
o DO | o™~ — .
]
N0 —— |
C T T
e +
< 5 [A[ET Step1 5 Step2 5 Step3 ) Step 4 el [+ 1 -
For Help, press Fi ReCaloulate [121.20 469.23 24533 5.1 [967.377
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New Functionality

Legend Wizard

One of the most common support issues has been setting up legends and we have
attempted to make this process much easier. In Version 3, adding a legend is as
simple as clicking the mouse in the view, clicking the Add->Legend menu and
dragging a rectangle. The following wizard is activated to help in setting up the
wizard. If you simply click the finish button, a legend will be created containing the
pertinent parameters and will be located in the lower right corner of the graph or
map.

To make a legend as in previous versions, select the Create empty legend radio
button and click the Finish button; double click on the newly created legend box and
set it up as you see fit.

The legend generated by the wizard was patterned after the example legends created
in the example files shipped with previous versions of the program. The specific
legend created using the following example wizard screens is below.

e LEGEND
Transmissivity LO100398 sq misec
Storage Coefficient  2.03807e-005
Beta () 0.1
Specific Yield 0196404

« Data Uzedl & Dt Kpnared

The legend has three sections, the Title sublegend, the Parameter sublegend and the
Symbol sublegend. The Title and Symbol sublegends are optional as is the bitmap in
the Title sublegend.

To customize the legend created with the wizard, click the Create custom legend
radio button and the Finish button becomes a Next button to continue the
customization. Two other options are available via check boxes. The Don’t use this
wizard for future editing option overrides the default behavior that, when you
double click the legend to edit it, the wizard will not be used. The Automatically
Adjust and Locate Legend check box controls whether the system will
automatically maintain the location of the legend.

Guide to Using AquiferWin32
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Legend Wizard

- Analysiz Parameters Ize this wizard ho create a simple legend.
+ Radial Diztance
+ Pumping R ate Available analysis parameters and a general
+ Transmissivity style are selected to create a legend.
o

Storage Coefficient
“What level of azsiztance iz required?

" Create emphy legend

' |lze gpstem default legend

Nasrasbahiy 04019 e

Mmragrl arThind (FTTIELTET]

" Create custom legend

[ 41 el

[ Daon't uze thiz wizard for future editing.

[v Automatically Adjust and Locate Legend

| Finizh | Cancel Help

X]

If you chose to create a custom legend, the next step in the wizard enables you to
choose the items you want added to the legend. The Parameters step presents a list
of parameter items which is dynamic and defined by the active document type,
analysis type and view type. As with Parameters in previous versions, you drill
down into the options and click on the item you want, in this case Transmissivity.
Using the Append, Insert and Remove buttons, you select what you want. You can
also change the default title for an item by selecting it in the right list box and
entering the new title in the Title edit field.
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Parameters

S olution [nformation
Site Information

Test Information

Analvziz Information

Page Information

Current ‘wiell

wWell Marne

# Coordinate

' Coordinate

Analyziz Parameters
+- Radial Diztance
+- Pumping Fate

i

1+ [F--[F-E
+--[H-[F

| .8

~ Append >

Ingert >

I

<< Bemave

i

0,007 00398 5q 1

Beta [A]
Specific vield

=M

3 Itk

< Back | Mewt » |

Transmigzivity

Cancel Help

The Text step of the process controls colors and fonts of the legend title, parameter
titles and parameter values. It also controls the overall format and precision for

parameter values.

Text

Legend Title

Eont...

Arial

X]

Calar: ]|:| W hite L]

Legend Title: lLE GEMD

FParameter Titlez

Faont...

- Parameter Values

Font...

Arial

Agial

< Back

Format:  |DEFAULT -

Calar: |- Black j

Calar: |- Black LJ
Precision: |2 E

Cancel Help
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The Styles step defines the layout of the legend including sublegends, border colors
and thicknesses, background colors and title bitmap.

Styles fgl

tdain Legend Style

Border Thickness: |4 point =

Border Calar:

Background Color: ||:| Silver j

[+ Title Sublegend [+ Symbol Sublegend [+ Title Bitmap
Title Sublegend Shyle

Border Caolor: |- Black j Border Thickness: |4 point
Background Color: |- Gray j

Title Bitrmap

File M ame: | Browse. .

¢ Back | Mest » | Cancel | Help |

The Symbols step is only displayed when the Symbol Sublegend checkbox has been
checked in the previous step. You can control the contents of the symbol sublegend.
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Symbols E|

Symbal SublLeaend Stule

Barder Color:

Background Color: ||:| Silver j

Border Thickness: |4 point =

Symbaol SublLegend Contents

Symhol Description i
1 = Data Used
2 s Diata lgnored *
«[ -

Fant... Arial Color: | I Elack j

< Back | Finizh | Cancel | Help |

On Screen Editing of Legends

If you have created a legend using the legend wizard and have selected the
Automatically adjust and locate legend option any changes made on screen will be
automatically undone when the screen refreshes. The on screen editing features are
for older legends, those created as empty legends using the wizard or those that have
selected the Don’t use this wizard for future editing option.

On screen manipulation now drills into legends no matter how deeply they are nested
to allow the typical on screen manipulations to be performed. In addition, a context
menu has been created for legends that allows for Cut/Copy/Paste/Select
All/Delete/Add/Add to Legend operations within the legend.

Of particular note is the Add to Legend menu. When items have been selected in
the main view, they can be added to the legend using this menu. In most cases, you
will want to drag the object into the legend and position it before using this option.
You can, however, attach items to the legend that are not located inside the legend.
When the legend is moved, they maintain their relative position to the legend.

Line Calculations and Distance/Drawdown graphs

A line calculation is simply a line dragged onto the map view in a Simulation or
Flow Model document along which head/drawdown calculations will be made and a
graph generated. If one of the end points of the line corresponds with a pumping
well, a drawdown versus distance graph can be generated.

Line calculation elements appear on the map with similar characteristics to a line
and, when the View->Well Data menu is checked, a view tab is added for the graph
of drawdown versus distance.
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The specific options available for Line Calculations are as follows:

20 o What’s New In Version 3.0 Guide to Using AquiferWin32



Line Calculation

Line lDispIa_l,l] Data ]

Line Calculation D ezignatar;
Spatial Parameters

Start ¢ |40776.8

Ends |H1221.5

[rata Spacing Parameters
i+ Equal Divisions

£ Linear
" Lag

" Cusgtom

Samplez Per Decade:

IJze Distances from Spreadzheet

X)

Prafile 1

Start'y: |9034.38 E
A099.49 E

End*:
Mumber; |20 E
Spacing: |100 E

o |

Cancel

Help

Line Calculation Designator:

Spatial Parameters

Start X:

Start Y:

End X:

End Y:

Data Spacing Parameters

Equal Divisions

Number:

Linear

Spacing:

Each line calculation must have a unique name so
that it can be identified on view tabs.

The x-coordinate of the starting point for the line
calculation in map coordinates. Distances are
calculated relative to this point.

The y-coordinate of the starting point for the line
calculation in map coordinates. Distances are
calculated relative to this point.

The x-coordinate of the ending point for the line
calculation in map coordinates.

The y-coordinate of the ending point for the line
calculation in map coordinates.

Data points will be calculated at equal intervals
between the start and end points of the line
calculation.

The number of equal intervals to calculate between
the start and end points of the line calculations.

Data points will be calculated at specified intervals
starting at the start point of the line calculation.

The spacing, in map units, between adjacent points in

the line calculation.
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Log
Samples Per Decade:
Custom

Line Calculation

Line  Display | Data |

Line Shyle

Data points will be calculated at logarithmic intervals
starting at the start point of the line calculation.

The number of logarithmic intervals between
adjacent powers of 10 in the line calculation.

Distances, in map units, entered into the spreadsheet
on the Data tab will be used for the calculations.

]

Calar |- Black

j Thickness m

Label Parameters

Color:

[ Display Label

Faont... Arial

Dazh |—j Length

Angle:

o5 M

Alignrment;

W

&

|CENTER |

Label Offsets
e 22232 g 288 B
k. | Cancel | | Help |
Line Style
Color: Sets the color of the line connecting the data points
Thickness: Sets the thickness in points of the line connecting the
data points
Dash: Sets the dash pattern to use for the line connecting
the data points
Length: Sets the length in inches of the dash pattern for the

Label Parameters

Color

Angle

Alignment

Display Label

line connecting the data points

The color to use when displaying the line calculation
label

The angle to rotate the text when displaying the line
calculation label

The alignment of the label relative to the label
location

If checked, the line calculation designator is used to
label the well
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Font

Label Offsets
dX:

dy:

Line Calculation

Defines the font, font style, size and effects for the
label

The distance, in map units, to offset the label in x
from the x-coordinate of the line calculation center
point.

The distance, in map units, to offset the label in y
from the y-coordinate of line calculation center point.

X]

Lire ] Dizplay Data l
Calculation Time: (100 E
Distance Drawdown ki
L {ft)
1 |0 202314
2 |25.8548 202355
3 |51.1096 202536
4 |TH.BE43 202827
5 |102.219 20318
B [127.774 203544
T |153.329 2038749
B |175.883 2041549
g |204.438 204377
10 (229.993 204533 *
«| ] +
k. | Cancel Help

Calculation Time:

Spreadsheet

3D Perspective

The 3D vertical tab contains the 3D perspective view of the hydraulic head or
drawdown values. Contour lines can be optionally displayed as well. All the
normal annotations can be added; however, the annotations are fixed in position in
the view and are not moved/rotated when the 3D perspective is manipulated.

The time at which to calculate head/drawdown versus
distance data.

The data in the spreadsheet reflect the calculated data
points. If Custom has been selected on the Line tab,
you can edit the number lines and the values of the
distances at which to calculate; if Custom was not
selected, any changes made will be ignored.
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View Manipulation

Selecting the 3D Manipulation menu from the edit field context menu allows the
manipulation of the 3D view using the mouse and keyboard. Clicking and/or
holding the left mouse button in the view causes the display to rotate in the direction
toward the cursor location. Holding the Shift button while clicking and/or holding
the left mouse button causes the display to move in the direction toward the cursor
location.

Clicking and/or holding the right mouse button causes the display to zoom in and
zoom out. If the cursor is in the upper half of the view, it will zoom out. If the
cursor is in the lower half of the view, it will zoom in. The amount of the zoom is
controlled by how far the cursor is from the vertical center of the view.

The Reset 3D menu is used recenter the 3D perspective view. This is sometimes
required when changes have been made via the Contour Options property sheet or on
screen editing.

Contour Options

Four tabs on the Contour Options property sheet apply to the 3D view and are
described below. The color flood parameters apply to both the contour view and the
3D view.
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Contour, Options

A0 Mesh

Dizplay

Contaour Plane

Windn:nw] Levels] Lal:nels] Tranzport 30

s H

Wertical Scale Factor:

Color Bar: &+ dertical

[v ‘iew Contours Calar; |FI-:u:u:| Colors ﬂ

i+ Automatic Eleyation

(" Specified Elevation

[ Beset 30 Yiew

X

l Position ] Llﬂ

" Horizantal " Mone

Dizplay ' |5EI E

|Ma:-:imum Elervation j

|25.0117 &

o ]

Cancel | Apply | Help |

3D Mesh

Vertical Scale Factor:

Color Bar:

Display X:

Display Y:

Contour Plane

View Contours:

Color:

Automatic Elevation:

Specified Elevation:

Reset 3D View

A multiplier applied to head/drawdown to increase
the vertical scale relative to the horizontal scale

Controls the presence and location of the default
scale bar

The x-coordinate of the lower left corner (vertical) or
upper right corner (horizontal) of the scale bar

The y-coordinate of the lower left corner (vertical) or
upper right corner (horizontal) of the scale bar

When checked, a contour map is displayed in the 3D
perspective view

Controls the color of the contours which can be either
Black or Flood Colors

Controls the elevation on the vertical axis which
corresponds to the contour plane; when checked the
contour map will automatically be relocated as the
contour data changes

Controls the elevation on the vertical axis which
corresponds to the contour plane; when checked, the
value entered in the adjacent edit field will be used to
locate the contour plane

At times, the perspective drawing can leave the field
of view. Checking this option will relocate it into
view
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Contour, Options

Facal Paint

Position

Wiew p

Windn:nw] Levels] Lal:nels] Transpn:nrt] a0

Focal @ |361.917 E Focal ¥ |227.976
FocalZ: [243833 [

Pos¥: [104326 [ Posv: [120015 B
Pz [8002 B

Miew = 0315746 E Wiew v |0 57ESET
ViewZ:  |0.75333 E

X

P'u:usitiu:unl LR

o ]

Cancel | Apply | Help |

Focal Point
Focal X:

Focal Y:

Focal Z:

Position

Position X:

Position Y:

Position Z:

View Up

View X:

View Y:

View Z:

The x-coordinate of the focal point used to display
the 3D perspective drawing

The y-coordinate of the focal point used to display
the 3D perspective drawing

The z-coordinate of the focal point used to display
the 3D perspective drawing

The x-coordinate of the camera position used to
display the 3D perspective drawing

The y-coordinate of the camera position used to
display the 3D perspective drawing

The z-coordinate of the camera position used to
display the 3D perspective drawing

The x-coordinate defining the view up direction for
the camera used to display the 3D perspective
drawing

The y-coordinate defining the view up direction for
the camera used to display the 3D perspective
drawing

The z-coordinate defining the view up direction for
the camera used to display the 3D perspective
drawing

26 ¢ What’s New In Version 3.0

Guide to Using AquiferWin32



Contour, Options

&

Labels ] Tranzpart ] o ] Position  Flood Colars l Flome 4 | ¥
[ Automatic  Interval [025 [
HeadDrawdown Flood Color |+
1 |18.25
2 184
3 |18.75
4 |19
A |119.25
b |19.48
7 |19.74 3
«|_|
2k, | Cancel | Apply | Help |
Automatic When checked, the distribution of colors is
automatically determined by the application
Interval: The interval to use when generating flood colors for
values of head/drawdown to be used when the
Generate button is clicked.
Generate

When clicked, a new color distribution will be
generated using the same algorithm as the Automatic
setting; however, these can be edited by the user
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Contour, Options

Label Information

Fant... Arial

B order Line Information

Color: - Black

a0 ] F'u:nsitin:nn] Flaod Colars  Flood Legend l

185 E

First:

Irteral: 0.5 E
Format: FI<ED

Colar: I-TCkL|

Al

Humber: E

[+ Specify Interval

i Precizion: 1 E

Thickness: lm

o ]

Cancel |

Apply | Help |

Label Information

First

Number:

Interval:

Specify Interval

Format:

Precision:

Color

Font
Border Line Information

Color:

Thickness:

Sets the head/drawdown value for the first labeled
value in color flood legends

The number of equally spaced labels to use when
labeling the color flood legends

The interval between adjacent labels; used when the
Specify Interval option is activated

When checked, the value for Interval is used when
labeling color flood legends

The numeric format to use when displaying the labels
on color flood legends

The number of digits to the right of the decimal point
to use when displaying the label on color flood
legends

The color to use when displaying labels on color
flood legends

Defines the font, font style and size for the label

The color to use when displaying the border around
the color flood legend

The thickness, in points, of the line used when
displaying the border around the color flood lege

28 ¢ What’s New In Version 3.0

Guide to Using AquiferWin32



Getting Started Using the
WinFlow Solver

Starting WinFlow

Start WinFlow by simply double-clicking on the WinFlow icon or activating
the Start->Programs->WinFlow Version 3 menu. If you are unfamiliar with
Windows, please consult your Windows manual for common procedures, key
strokes, and mouse procedures.

Since WinFlow is well integrated with the Windows shell, you can also double click

on a WinFlow data file icon L= on either the Desktop or from Explorer. You can
also right click the mouse on the desktop and select the New->WinFlow Document
to open WinFlow and create a new document.

WinFlow Interface

WinFlow uses a Microsoft Windows-compatible graphical user interface (GUI). A
menu, part of the GUI, is displayed at the top of the WinFlow window. All modeling
operations are controlled from this menu. The majority of the window below the
menu is the design area. The models you create are displayed below the menu. You
may have multiple model windows open in the design window. The maximum
number of models that may be open at one time depends upon the complexity of the
models and the amount of memory in your computer.

You have two options to select a menu item - mouse or keyboard. To use the
keyboard, select a main menu item by pressing the ALT key and the underlined
letter of the menu item. Pulldown menu items are then selected by pressing the
underlined letter of the pulldown menu item. For example, to open an existing
WinFlow model, press ALT-F (File) and then press O (Open). To use the mouse,
simply click the left mouse button when the cursor is over the desired menu item.

Toolbars are displayed below the main menu and contain icons that represent key
WinFlow operations or commands. Using a toolbar button is a shortcut to the menu
system. To execute one of these shortcuts, use the mouse to move the cursor over
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the toolbar icon and click on the Toolbar button. For example, clicking on adds
a well to the model.

The available toolbars are shown below:

Standard

EEINEE

@& A 7K

The Standard Toolbar icons represent (from left to right):
Create a new model (in MDI terminology, a document)
Open an existing WinFlow data file

Save the current model to a file

Cut the currently selected item to the clipboard

5=
Copy the currently selected item to the clipboard
Paste from the clipboard

Print the current model
Recontour the current model
Recalculate the current model

L
Refresh the current model screen

Display program information (About)

Help

e R = |
i & O/ O Bl m

The Annotation Toolbar icons represent (from left to right):

Add a title

Add a parameter
Add a symbol [e]
Add a line

Add a frame |
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Add a legend
Add a scale bar

Anaptic &
@ 7 A O A A

The Analytic Toolbar icons represent (from left to right):

Add a well

Add a head linesink
Add a flux linesink
Add a pond @]

Add a streamline

Add a particle trace

Add a target
Add a line calculation

Use the mouse to move the cursor over these toolbar icons and a description of the
icon is displayed in the status bar in the lower-left corner of the screen. The status
bar also displays the X- and Y-coordinates in the lower-right corner of the screen.
The model head (water level) is displayed in the lower-right corner if the model has
been calculated.

You may choose to remove the toolbars and/or the status bar from the WinFlow
window using the View menu. Pull down the View menu and click on Standard
Toolbar to remove the Standard toolbar. Repeat the procedure to have it
redisplayed. The specific toolbar is displayed when a check mark appears next to the
appropriate View menu item. The status bar works the same way.

In addition to using the mouse, you may also use the arrow keys on the keyboard to
move the cursor around the model design window. Pressing an arrow key moves the
cursor a certain distance (set by selecting Options->Map). Other key combinations
are used to simulate using the mouse, as described below:

Keyboard Action What Happens?

arrow keys cursor moves in direction of arrow

shift-arrow keys cursor moves one pixel at a time for fine adjustment
space bar equivalent to mouse double-click

enter key equivalent to mouse click (left button)
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shift-Enter add another element to those selected; also used to
start resizing of a line or circle if such an element has
been selected and the cursor has changed to a two-
prong or four-prong arrow.

ctrl-arrow equivalent to View->Page
alt-arrow equivalent to View->Scroll
shift-mouse click add an element to those selected

Applying WinFlow

WinFlow is a powerful tool for analyzing two-dimensional groundwater flow
problems. A flexible user interface using pull-down menus and tab dialogs (property
sheets) provides you with an easy method of setting up the model and rapidly getting
to a solution. The analytical model is developed in several steps, as follows:

Digitize a base map in a CAD package such as AutoCAD.
Export the drawing to a DXF format file.

Double-click on the WinFlow icon to run WinFlow.

Load the digitized map into WinFlow.

Specify aquifer parameters.

Choose a solution type (steady-state or transient).

Add analytic elements to the model (wells, ponds, etc.).
Calculate the model and contour the results.

Add streamlines or particle-traces to define flow paths.
Create a graphical or summary output of the results.

These steps can be performed in a matter of minutes after the base map has been
digitized. The base map is optional; however, it provides you with a frame of
reference in designing the analytical model.

Data Requirements

WinFlow requires you to specify a few simple pieces of information or data to define
the analytical model. Data can be classified in four different ways: (1) fundamental
data required by all problems; (2) data required for only transient applications; (3)
data required for particle-tracking analysis; and (4) optional data.

Fundamental Data are required for all analytical models created by WinFlow. These
data include:

regional gradient and direction of flow,
hydraulic conductivity,
aquifer top elevation and bottom elevation, and

reference head.
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Regional gradient and direction of flow are used to superimpose a uniform
groundwater flow field on the analytical model. You must define the regional
gradient which has units of [L/L] (dimensionless) and the direction of flow. The
direction of flow is entered in degrees, with 0.0 degrees representing east, 90.0
degrees representing north, etc. You may enter a gradient of 0.0. You may want to
do this if you are computing drawdowns. Note that in unconfined aquifers, the
gradient is defined at the reference point and may change throughout the model as
the saturated thickness (and hence the transmissivity) changes.

Hydraulic conductivity is assumed to be homogeneous throughout the infinite
aquifer and has units of [L/T], e.g. ft/d. The aquifer top and bottom elevations have
units of length [L], e.g. ft, and are used to compute transmissivity. In addition, the
steady-state module allows for conversion to unconfined flow. Therefore, if the head
falls below the top of the aquifer the model becomes unconfined.

The reference head defines a point where the head is known. In the steady-state
model, the reference head is always constant and never changes during simulations.
The reference head may or may not be constant in the transient model, depending
upon a user-selectable option. All computations are based upon the reference head,
which should be located as far from wells, ponds, etc. as possible. The reference
head is analogous to a constant head in a numerical model.

WinFlow allows you to use any set of units you would like; however, using
consistent units throughout the model may minimize confusion. For example, if you
are using length [L] units of feet and time [T] units of days, hydraulic conductivity
could be expressed in units of ft/d and pumping rates could be in units of ft’/d.

Transient flow problems require three additional data types, including
storage coefficient [dimensionless],
Hantush leakage factor (denoted by L or B) [L], and
time steps used to compute solution [T].

The Hantush Leakage factor, denoted by the letter L or B, has units of length
(Hantush, 1956). The leakage factor is only required for leaky aquifers. It should be
set to zero for confined flow.

Particle-tracking analyses require that porosity be defined. The porosity
(dimensionless) is used to compute the average linear groundwater flow velocity at
discrete points within the system.

Optional data types define the analytic elements of the model. These elements
include the following information:

well locations and pumping rates,

recharge rate,

pond locations and recharge/discharge rates,
linesink locations and recharge/discharge rates, and
calibration targets.

All of the elements above are available for the steady-state model and all but
recharge are simulated by the transient model.

Wells are defined by the coordinates of the center of the well, a pumping rate, and a
well radius. The pumping rate has units of [L*/T], such as ft*/d. A positive pumping
rate indicates production and a negative rate indicates injection.

Recharge is defined only for steady-state models and has units of [L/T], such as ft/d.
The recharge is distributed over the entire infinite plane of the model. An ellipse
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defines the shape and position of the water-table mound created if there is no
regional gradient. You must define the center coordinates of the ellipse, the length
of the a- and b-axis of the ellipse, and the angle between the a-axis (long axis) of the
ellipse and the x-axis of the model. The recharge rate should be a positive value.

Ponds are circular recharge or discharge areas. Ponds are defined in a manner
similar to wells. The coordinates of the center of the pond are given, along with the
radius of the pond. The pond infiltration rate has units of [L/T] and is computed by
dividing the total discharge rate into or out of the pond by the area of the pond.
Thus, the pond infiltration/discharge rate has the same units as recharge. A positive
rate indicates infiltration and negative indicates discharge from the aquifer.

Linesinks are linear recharge or discharge features. The linesink is defined by
providing the coordinates of each end point and either an infiltration/discharge rate
or a head. If the linesink is defined in terms of head, the model will compute a
discharge rate based on the given head value (assumed to be at the center of the
linesink). Linesink discharge/infiltration rates have units of [L*/T], which is
computed by dividing the total discharge rate by the length of the line. Thus, the
linesink rate (or strength) is a rate per unit length. The sign convention for linesinks
is the same as wells: positive indicates pumping or production and negative signifies
injection or infiltration.

After defining all aquifer properties and analytic elements, you run the model by
selecting Cale from the main menu and Recalculate from the pull-down menu.
WinFlow will now compute hydraulic head on a regular grid of points and contour
the results using ten contour intervals. You may change the contour settings by
selecting Options from the main menu and Contour from the pull-down menu and
Paramers from the submenu.

Starting a New Model

The first step in using WinFlow to solve a two-dimensional ground-water flow
problem is to digitize a site map. While this step is not required, it does help you by
providing a convenient frame of reference. WinFlow map files are similar in format
to QuickFlow map or ModelCad™ map files and may be created by first using any
CAD package (such as AutoCAD) to digitize the map. Next, export the CAD
drawing as a DXF (Drawing Interchange Format) file.

Double-click on the WinFlow icon to start the model. You translate the DXF map
file into a WinFlow map file within WinFlow by first opening a new model
document. Select File from the main menu and New from the pulldown menu. You
may also click on the New Document button on the Toolbar. Now that you have a
model to work with, select File from the main menu, Map from the pulldown menu.
Set the Files of Type: selection on the resulting dialog to “DXF Files (*.dxf)”. Select
your DXF file using the standard Windows file dialog. You must now select a new
file name for the map file that will be created (again using a standard Windows file
dialog).

Finally, you will be asked for one additional item, a multiplication factor. The
multiplication factor is used to scale the drawing to model units. Normally, the
multiplication factor will be 1.0; however, if your CAD system exports the DXF file
in units of inches, this factor would be 1.0/12.0 or 0.08333333. You may need to use
a multiplier other than 1.0 in AutoCAD if you are using engineering units instead of
decimal units. If the map units look wrong in WinFlow, it is probably in units of
inches. You must then re-import the DXF file with a new multiplication factor.

It is easy to check the units on the imported map by moving the mouse around the
map and looking at the X and Y coordinates displayed in the lower right corner of
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the status bar. Choose two points that are a known distance apart and check the
distance with the status bar. If the distance is incorrect, compute a multiplication
factor to use in the map import and start again.

The DXF file import feature first translates the DXF file into a WinFlow map file
and displays the map on your screen. The map file will be displayed the next time
you open this WinFlow model (assuming that you save it later).

When starting with a map that is already in the proper WinFlow map file format,
simply select File from the main menu, Map from the pulldown menu, and set the
Files of Type: selection on the resulting dialog to “Map Files (*.map)”. Select the
proper file name, and the map is displayed on your screen.

Now that the map has been loaded, you must define the aquifer parameters. Default
parameters have been defined by WinFlow, however, these may not be the proper
ones for your problem. To change these parameters, select Edit from the main menu
and Model from the pulldown menu. The resulting property sheet contains tabs or
pages on which you can define the following prarmeters:

hydraulic conductivity,

aquifer bottom elevation,

aquifer top elevation,

reference head value,

regional hydraulic gradient,

recharge rate,

porosity,

storage coefficient (transient models),
leakage factor (transient models), and

If you select the Reference Head tab or Reference Head from the Edit menu, a
dialog appears that prompts for the reference head value, gradient, and angle of the
gradient. A gradient angle of 0.0 degrees represents east, 90 degrees is north, etc.
You may change the location of the reference head by dragging the reference head to
a new location. You do this by moving the cursor over the reference head symbol
until the move cursor appears. Now, hold down the left mouse button and move the
cursor to the desired location. Release the mouse button to place the reference head
at the new location.

You must always define a reference head! You do not necessarily need to define a
gradient, however. If no gradient is defined, WinFlow will be simulating an
"impact" model using a flat water-table. If the reference head is zero and the
gradient is zero, WinFlow will compute drawdown. In this case, be sure that the
bottom of the aquifer is set below zero also.

For a transient model, click the Options from the main menu and Transient from
the pull-down menu. Click on the Time Steps tab and set up the time steps you want
calculated. Each time step will appear as a tab along the bottom of the map view.

After confirming that all aquifer parameters have been properly set, select a solution
type - steady-state or transient. If the solution currently selected does not support
both, one will be disabled. The default solution type is steady-state. To change the
solution type, select Model from the main menu. Now select either Steady-state or
Transient from the pull-down menu. A check-mark is displayed next to the selected
model type.
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If you want to display contours representing the uniform regional gradient, you may
now select Cale from the main menu and Recalculate from the pull-down menu.
WinFlow will display the status of the computations in a status dialog. After
calculating the head at a regular grid of points, a contour map will be displayed using
a default contour interval. If you want to change the appearance of the contours,
select Options from the main menu and Contour from the pull-down menu. A third
menu will appear with two options for controlling the contouring, Window and
Parameters. Use Window to change the size or location of the area that is
contoured and Parameters to change the contour interval and font.

Adding Model Features

Wells, linesinks, ponds, streamlines, and/or particle-traces may be added to the
model. To add one of these features to the analytical model, select Add from the
main menu and select the desired feature from the pull-down menu. You must then
move the cursor around the design screen to locate the item. This is accomplished
using the cursor keys or the mouse. To alter the distance that the cursor moves after
pressing an arrow key, select Options from the main menu and Map from the pull-
down menu and Parameters from the second pull-down. The cursor step size is
defined in model units of length, e.g., feet.

Wells are defined by moving the cursor to the desired coordinates or location and
pressing the Enter key or left mouse button. You will then be prompted for a name,
the well construction information and a pumping rate [L*/T]. The name entered must
be unique across all wells in the model. You will also be permitted to edit the well
coordinates. If you change the coordinates, the well will be redrawn at the correct
location. Remember that a positive pumping rate indicates production, while a
negative rate indicates injection. There is no set limit to the number of wells or any
other element that may be added to the WinFlow model. The actual limit depends
upon the amount of memory in your computer.

Linesinks are defined by pressing the left mouse button at the beginning of the
linesink. While holding down the left mouse button, move the cursor to the end of
the linesink and release the button. You will then be prompted for a name, and the
head or flux of the linesink. If you have selected a Head Linesink, WinFlow
computes the flux required to maintain that head at the center of the linesink. If you
have selected Flux Linesink, the flux is entered in units of [L?/T]. This is normally
computed by dividing the total flux rate [L*/T] by the length of the linesink [L]. A
negative flux indicates injection and positive indicates production. As with the
wells, you also have the opportunity to edit the coordinates and name of the linesink.

Ponds are defined by selecting the center of the pond and dragging a circle to the
desired radius while holding down the left mouse button. A property sheet will
appear that allows you to edit the center coordinates, the radius, infiltration/discharge
rate, and name. The pond rate is in units of [L/T] in the same manner as recharge. A
positive pond flux indicates recharge, while negative signifies discharge. Note that
the sign convention for ponds is opposite of wells and linesinks.

Streamlines are only computed for the steady-state model. You have the option of
adding a single streamline, several streamlines started along a line, or several
streamlines along a circle. If you choose the line or circle option, you will then enter
the number of streamlines to add. These will be added at even increments along the
line or circle. When you add a streamline, the point you select is the beginning of
the streamline, which is drawn downgradient of that point. When you change the
model in any way, all streamlines are recomputed during the recalculation of the
model. Arrow heads may be added to the streamline by selecting Options from the
main menu and Trace from the pulldown menu. You define the distance between
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arrowheads and the size of the arrow (in model units of length) on the Streamline
tab.

Particle-traces may be computed for either steady-state or transient models and are
defined in the same manner as streamlines. Particle-traces take longer to calculate
than streamlines, however. The particle-trace differs from the streamline in several
ways: (1) the particle-trace is computed numerically instead of semi-analytically; (2)
a time value may be posted on the resulting trace; and (3) particle-traces may be
tracked upgradient (reverse particle-tracking). Options controlling the appearance
and computation of particle-traces are modified by selecting Options from the main
menu and Trace from the pull-down menu.

All of these analytical features may be added from the Analytic Toolbar, as
described in the previous section. Simply click on the proper toolbar button. As the
cursor is moved over the toolbar, a text is displayed in the status bar to help you
remember which icons go with which elements.

Editing Analytic Elements

You may edit any analytic element on the map (well, linesink, pond, title, scale bar,
etc) by moving the cursor over the item and double clicking. Make sure that the
cursor changes to four arrows pointing up, down, left and right before double
clicking. A property sheet will appear that allows you to edit the parameters
associated with that element (e.g. pumping rate). To move the element, hold down
the left mouse button and drag the item to a new location.

The size of linesinks and ponds may be changed by moving the cursor to the edge of
the pond or end of the linesink. When in the proper location, the cursor will change
to one with two arrows pointing left and right. Hold down the left mouse button and
drag to a new size.

Computing the Model

If you have added a feature, edited a feature, or changed any aquifer property,
WinFlow will display "ReCalculate" in the status bar. This means that the contour
map on the screen may no longer reflect the changes that you have made. To
recompute, select Cale from the main menu and Recalculate from the pull-down
menu. If you have only changed contouring options, you may select Recontour
from the pull-down menu. You may also use toolbar buttons to recalculate and
recontour the model.

When WinFlow recalculates the problem, it displays the percent completion in a
status dialog. The time required to recalculate depends on the speed of your
computer and the number of features that you have added to the model.
Recalculation normally only takes a matter of seconds or a few minutes. After
recomputing the model, WinFlow will recalculate the locations of any streamlines
and/or particle-traces that you have added to the model. Finally, WinFlow will
recontour the results. Slide bars are displayed during each operation so that you can
judge how long it will take to finish.

Displaying the Results

WinFlow displays the results from model calculations using contours, streamlines,
and particle-traces. By default, the design window defines the area that will contain
the contours. You may change the default by selecting Options from the main menu
and Contour from the pull-down menu. A third menu will display two options. The
Window selection allows you to drag a rectangular box to define the new contour
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region. The Parameters selection on this third menu provides ways to change the
labeling of the contours and the contour interval. If you make any changes to these
options, a dialog will prompt you to recontour the results. If you have redefined the
contour window, you must select Recalculate from the Cale menu.

You may change the current view of the model by selecting View from the main
menu. A pull-down menu allows you to zoom on a point (Zoom), zoom on a
window (Window), display the full map and contours (Full), scroll the screen a
given distance in a certain direction (Scroll and Left, Right, Up, Down), or to
simply redraw or refresh the current screen (Refresh).

Other options that control the appearance of the model results are found under the
Options main menu selection. The Map->Parameters selection lets you change
most of the colors and object sizes related to the design screen. Contour-
>Parameters allows you to change the way contours are produced, as described
above.

Creating Output

WinFlow creates graphical and summary output in several different ways, including
the following:

Print to any selected Windows device;

Create files that are compatible with SURFER™, Geosoft, or Spyglass;
Create standard Windows Metafiles (wmf);

Create ASCII text files containing X- and Y-coordinates and head (XYZ);
Create DXF file for importing into CAD systems; and

Create an ASCII summary output file.

Any of these options can be selected from the File option on the main menu. Select
Print to send the plot to the current Windows printer. Select Export to create the
other files listed above.

A common problem when printing to the current Windows printer is that the text for
contour labels is not properly rotated. To correct this problem, select File from the
main menu and Printer Setup from the pulldown menu. Most printer drivers have
an option to "Print Truetype Fonts as Graphics" or something similar. Make sure
that this option is switched ON. If this does not correct the problem, you may need
an update for your printer driver. Contact your printer manufacturer or Microsoft for
anew one. Many driver updates are also available on the internet.

Another problem can occur in getting the plot to fit on a single page. Select Page
Setup from the File menu and click on the Scale tab and select "Scale to Page" in the
Map Scale section. This will force the next printout to fit on a page. There are two
other check boxes on the dialog, labelled "Display Window" and "Map Window".
Placing a check in "Display Window" causes only what is currently displayed on the
screen to be printed. Placing a check in "Map Window" causes the currently defined
map window to be printed. The current Map Window is the area defined when you
select View->Full->Screen. You may change the size of the map window by using
Options->Map->Window.

DXF files created by WinFlow are compatible with AutoCAD and most other CAD
software, such as Design-CAD. All entities, such as wells, contours, base map,
streamlines, etc. are stored as separate layers in the DXF file. This allows for easy
editing of the CAD drawing.
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WinFlow creates up to three different SURFER files. The regular grid of head
values computed by the analytical model is stored in a SURFER grid file that can be
displayed by the TOPO and SURF programs. The grid file can also be used in the
GRID program to make modifications. If you are using a base map or if you have
added streamlines or particle-traces, a SURFER XYLINE file may be created. This
file can be read by the TOPO program to display a digitized map on the contours. If
you have generated time postings on the particle traces, a posting file may be created
for use in TOPO.

In order to maintain a QA/QC record of your model run, a summary file may be
created. The summary file contains a listing of all data making up the analytical
model, the names of all files used, the current date, and a summary of all
computations.

Saving a WinFlow Model

Eventually, you will want to save your WinFlow model in a data file for later use. If
you have previously saved the file, select the File->Save menu; if not, select the
File->Save As menu and give the file a name. The file created is totally self-
contained and, unlike previous versions of WinFlow, contains the base map
information as well.

Applying WinTran

WinTran is a powerful tool for analyzing two-dimensional groundwater flow and
contaminant fate and transport problems. A flexible user interface using pull-down
menus and simple dialogs provides you with an easy method of setting up the model and
rapidly getting to a solution. The analytical model is developed in several steps, as
follows:

Digitize a base map in a CAD package such as AutoCAD.
Export the drawing to a DXF format file.

Double-click on the WinTran icon to run WinTran.

Load the digitized map into WinTran.

Specify aquifer parameters.

Specify transport and time-stepping parameters.

Add analytic elements to the flow model (wells, ponds, etc.).
Add sources of contamination and/or initial contaminant distribution.
Calculate the model and contour the results.

Add streamlines or particle-traces to define flow paths.
Create a graphical or summary output of the results.

These steps can be performed in a matter of minutes after the base map has been
digitized. The base map is optional; however, it provides you with a frame of
reference in designing the analytical model.

Data Requirements

WinTran requires you to specify a few simple pieces of information or data to define the
analytical model. Data can be classified in four different ways: (1) fundamental data
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required by all problems; (2) data required for only transient applications; (3) data
required for particle-tracking analysis; and (4) optional data.

Fundamental Data includes information for both the flow and transport model as noted
below:

flow model
regional gradient and direction of flow,
hydraulic conductivity,
aquifer top elevation and bottom elevation, and

reference head.

transport model

longitudinal and transverse dispersivity,
porosity,

diffusion coefficient,

contaminant half-life, and

retardation coefficient.

Flow Model Data

Regional gradient and direction of flow are used to superimpose a uniform
groundwater flow field on the flow model. You must define the regional gradient which
has units of [L/L] (dimensionless) and the direction of flow. The direction of flow is
entered in degrees, with 0.0 degrees representing east, 90.0 degrees representing north,
etc. You may enter a gradient of 0.0. You may want to do this if you are computing
drawdowns. Note that in unconfined aquifers, the gradient is defined at the reference
point and may change throughout the model as the saturated thickness (and hence the
transmissivity) changes.

Hydraulic conductivity is a coefficient of the aquifer that defines the ease at which
water moves through the medium. Hydraulic conductivity is assumed to be
homogeneous throughout the infinite aquifer and has units of [L/T], e.g. ft/d.

The aquifer top and bottom elevations have units of length [L], e.g. ft, and are used to
compute transmissivity. In addition, the flow model allows for conversion to
unconfined flow. Therefore, if the head falls below the top of the aquifer the model
becomes unconfined.

The reference head defines a point where the head is known. In the steady-state model,
the reference head is always constant and never changes during simulations. All
computations are based upon the reference head, which should be located as far from
wells, ponds, etc. as possible. The reference head is analogous to a constant head in a
numerical model.

Transport Model Data

Dispersivity is a scale-dependent parameter which is generally larger as the scale of
the contaminant plume increases. A typical rule of thumb is that the dispersivity is
10 percent of the length of the contaminant plume (National Research Council,
1990). However, values of dispersivity reported in the literature range generally
range from 1 to 100 percent of the problem scale (Gelhar, 1986). There are two
values of dispersivity used in the WinTran transport model, longitudinal and
transverse. Longitudinal dispersivity represents the spreading of the contaminant
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plume in the direction of groundwater flow. The transverse component represents
spreading perpendicular to the flow direction. Usually, the longitudinal dispersivity
is 5 to 10 times higher than transverse.

Porosity_is used to compute the average linear groundwater velocity in WinTran.
The porosity value entered in WinTran is actually the effective porosity and defines
the ratio of connected void space to the volume of aquifer material. The porosity is
used in computing velocity according to the following equation:

_Kdb
n dl

where V is the average linear groundwater velocity (L/T), K is the hydraulic
conductivity (L/T), n is the effective porosity, and dh/dl is the groundwater gradient.

v

Molecular diffusion is the spreading of a contaminant in water due to concentration
gradients. That is, dissolved contaminants will spread in water from areas of high
concentration to areas of lower concentration. This process is caused by random
movement of molecules in a fluid. The coefficient of molecular diffusion (or simply
the diffusion coefficient) is expressed in units of L¥/T (e.g., cm?/s) and is often
assumed to equal zero in advective-dominated transport. Only in very slow-moving
groundwater is diffusion important. Bear and Verruijt (1987) estimate the diffusion
coefficient to be approximately 1 x 10™ cm/s in dilute systems.

Parameters are also assigned in the transport model based upon the type of
constituents (chemicals) being simulated. These compound-specific parameters
include the half-life for decaying species and chemical reaction types. Most
transport models, including WinTran, lump chemical reactions into sorption
processes in which a distribution coefficient (ky) controls the relative velocity of the
compound compared to the ground-water velocity. In this case, a retardation
coefficient is computed which retards the velocity of the contaminant relative to the
groundwater velocity.

Most contaminant transport models require you to enter a decay coefficient, which is
different from the contaminant half-life. The decay coefficient is defined in the
following equation:

k=1n2/t1/2

where A is the decay coefficient, In 2 is the natural log of 2, and t;,, is the half-life of
the contaminant. The half-life is the time required for half of the original mass of
contaminant to decay. WinTran requires you to enter the half-life of the contaminant
and computes the decay coefficient internally.

While the half-life is most often used for radioactive elements, such as uranium, it
can also be used to express the decay of organic compounds through biodecay. The
Handbook of Environmental Degradation Rates (Howard et al., 1991) is a good
reference for contaminant half-life data.

WinTran requires you to enter the retardation coefficient directly rather than the
distribution coefficient (kg). Calculation of the retardation coefficient is given by the
following equation:

R=1+kq(pp/1)

where R [dimensionless] is the retardation coefficient, kg [L*/M] the distribution
coefficient, p, [M/L?] is the bulk density of the aquifer, and n [dimensionless] is the
porosity. Other more complex reactions have been used in numerical models,
however, these have not been commonly applied and are not supported in WinTran.
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Optional Data

Optional Data types define the analytic elements and initial conditions of the model.
These elements include the following information:

well locations and pumping rates,

recharge rate,

pond locations and recharge/discharge rates,
linesink locations and recharge/discharge rates,
calibration targets, and

initial contaminant conditions.

Wells are defined by the coordinates of the center of the well, a pumping rate, and well
construction parameters. The pumping rate has units of [L*/T], such as ft’/d. A positive
pumping rate indicates production and a negative rate indicates injection. Injection
wells may also serve as sources of contamination. In addition to the injection rate, you
may also enter a concentration of contaminant in the injected water.

Recharge is defined only for steady-state models and has units of [L/T], such as ft/d.
The recharge is distributed over the entire infinite plane of the model. An ellipse defines
the shape and position of the water-table mound created if there is no regional gradient.
You must define the center coordinates of the ellipse, the length of the a- and b-axis of
the ellipse, and the angle between the a-axis (long axis) of the ellipse and the x-axis of
the model. The recharge rate should be a positive value.

Ponds are circular recharge or discharge areas. Ponds are defined in a manner similar to
wells. The coordinates of the center of the pond are given, along with the radius of the
pond. The pond infiltration rate has units of [L/T], such as ft/d, and is computed by
dividing the total discharge rate into or out of the pond by the area of the pond. Thus,
the pond infiltration/discharge rate has the same units as recharge. A positive rate
indicates infiltration and negative indicates discharge from the aquifer. Infiltrating
ponds may be a source of contamination by entering a concentration value. The
concentration represents the contaminant concentration in the infiltrating water.

Linesinks are linear recharge or discharge features. The linesink is defined by
providing the coordinates of each end point and either an infiltration/discharge rate or a
head. If the linesink is defined in terms of head, the model will compute a discharge
rate based on the given head value (assumed to be at the center of the linesink).
Linesink discharge/infiltration rates have units of [L*/T], such as ft*/d, which is
computed by dividing the total discharge rate by the length of the line. Thus, the
linesink rate (or strength) is a rate per unit length. The sign convention for linesinks is
the same as wells: positive indicates pumping or production and negative signifies
injection or infiltration. Like injection wells and infiltrating ponds, linesinks may be
sources of contamination when water is injected into the aquifer.

Calibration targets are values of hydraulic head that have been measured in the field.
WinTran will compute the difference between the computed head at a target location
and the measured head. This difference is called the residual and is displayed by
selecting Calc->Target Statistics from the main menu.

Initial conditions are the contaminant concentrations in the aquifer at the start of the
transport simulation. The default initial concentration is zero at all points. Initial
conditions may be changed from the default of zero in two ways, (1) save the ending
contaminant concentrations from a previous simulation as the initial conditions for a
subsequent simulation, and (2) import contoured concentration data from a SURFER
grid file. The tutorial in the next chapter discusses the saving of initial concentration
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data from one run to another. The initial concentrations are graphically displayed on
Step 1 of the tab view representing a time of 0.

After defining all aquifer properties, analytic elements, and transport parameters, you
run the model by selecting Cale from the main menu and Recalculate from the pull-
down menu. WinTran will now compute hydraulic head on a regular grid of points and
contour the results using ten contour intervals. You may change the contour settings by
selecting Options->Contour->Parameters menu.

To compute the transport model, you must select Transport from the Model menu and
then select Recalculate from the Calc menu. If Steady-State is selected in the Model
menu, only the flow model will be computed.

Starting a New Problem

The first step in using WinTran to solve a two-dimensional ground-water flow and
transport problem is to digitize a site map. While this step is not required, it does help
you by providing a convenient frame of reference. WinTran map files are similar in
format to QuickFlow map or ModelCad"™ map files and may be created by first using
any CAD package (such as AutoCAD) to digitize the map. Next, export the CAD
drawing as a DXF (Drawing Interchange Format) file.

Double-click on the WinFlow icon to start the model. You translate the DXF map file
into a WinTran map file within WinTran by first opening a new model document.
Select File from the main menu and New from the pulldown menu. You may also click

on the New Document button on the Toolbar . Now that you have a model to
work with, select File from the main menu, Map from the pulldown menu, and set
Files of Type to “DXEF Files (*.dxf)”. Select your DXF file using the standard
Windows file dialog. You must now select a new file name for the map file that will
be created (again using a standard Windows file dialog).

Finally, you will be asked for one additional item, a multiplication factor. The
multiplication factor is used to scale the drawing to model units. Normally, the
multiplication factor will be 1.0; however, if your CAD system exports the DXF file in
units of inches, this factor would be 1.0/12.0 or 0.08333333. You may need to use a
multiplier other than 1.0 in AutoCAD if you are using engineering units instead of
decimal units. If the map units look wrong in WinTran, it is probably in units of inches.
You must then re-import the DXF file with a new multiplication factor.

It is easy to check the units on the imported map by moving the mouse around the map
and looking at the X and Y coordinates displayed in the lower right corner of the status
bar. Choose two points that are a known distance apart and check the distance with the
status bar. If the distance is incorrect, compute a multiplication factor to use in the map
import and start again.

The DXF file import feature first translates the DXF file into a WinTran map file and
displays the map on your screen. The map file will be used the next time you open
this WinTran model (assuming that you save it later).

When starting with a map that is already in the proper WinTran map file format, simply
select File from the main menu, Map from the pulldown menu, and set Files of Type to
“Map Files (*.map)”. You may have to enter a rotation angle for the map after the map
has been loaded. This option has been included because it is recommended that the
simulated contaminant plume flow parallel to either the X- or Y-direction. This
minimizes what is sometimes called “grid effect”, which causes numerical problems in
the transport solution. To set the rotation angle, click the Options->Map->Parameters
menu, click the File tab, change the value for Angle and click OK.
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Now that the map has been loaded, you must define the aquifer parameters. Default
parameters have been defined by WinTran, however, these may not be the proper ones
for your problem. To change these parameters, select Edit from the main menu and
Parameters from the pulldown menu. The following parameters are entered on this
dialog:

hydraulic conductivity,
aquifer bottom elevation,
aquifer top elevation,
reference head value,
regional hydraulic gradient,
recharge rate, and

porosity.

If you select Reference Head from the edit menu, a dialog appears that prompts for the
reference head value, gradient, and angle of the gradient. A gradient angle of 0.0
degrees represents east, 90 degrees is north, etc. You may change the location of the
reference head by dragging the reference head icon (=) to a new location. You do this

by moving the cursor over the reference head icon (=) until the cursor appears.
Now, hold down the left mouse button and move the cursor to the desired location.
Release the mouse button to place the reference head at the new location.

You must always define a reference head! You do not necessarily need to define a
gradient, however. If no gradient is defined, WinTran will be simulating an "impact"
model using a flat water-table. If the reference head is zero and the gradient is zero,
WinTran will compute drawdown In this case, be sure that the bottom of the aquifer is
set below zero also.

After confirming that all aquifer parameters have been properly set, you must then
define the transport parameters, which include the following:

longitudinal and transverse dispersivity,
coefficient of molecular diffusion,
retardation coefficient, and
contaminant half-life.

Finally, you must select parameters that pertain to the time-stepping of the
transient transport model. These parameters include the number of time steps, the
length of the first time step, the maximum time step size, and the time step multiplier.
WinTran starts the simulation using the initial time step size. Subsequent time steps are
multiplied by the time-step multiplier to obtain the new time step size. This
multiplication continues until the maximum time step size is reached or the end of the
simulation occurs. Normally, you need to start with small time steps and gradually
move to larger ones in order to have a good mass balance. The mass balance error is
displayed in the status dialog as the model runs. If the mass balance error rises above 10
percent, you should stop the simulation and adjust the time stepping parameters,
dispersivity, or porosity until a better mass balance is achieved. The last chapter in the
documentation provides some guidance on selection of these parameters.

If you want to display contours representing the uniform regional gradient, you may
now select Calc from the main menu and Recalculate from the pull-down menu.
WinTran will display the status of the computations in a status dialog. After calculating
the head at a regular grid of points, a head contour map will be displayed using a default
contour interval. If you want to change the appearance of the contours, select Options
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from the main menu and Contour from the pull-down menu. A third menu will appear
with two options for controlling the contouring, Window and Parameters. Use
Window to change the size or location of the area that is contoured. Parameters is
used to change the size of the contour matrix and contour parameters related to the head
and concentration contours.

Adding Model Features

Wells, linesinks, ponds, streamlines, and/or particle-traces may be added to the model.
To add one of these features to the analytical model, select Add from the main menu
and select the desired feature from the pull-down menu. You must then move the cursor
around the design screen to locate the item. This is accomplished using the cursor keys
or the mouse. To alter the distance that the cursor moves after pressing an arrow key,
select Options from the main menu and Map from the pull-down menu. The cursor
step size is defined in model units of length, e.g., feet.

Wells are defined by moving the cursor to the desired coordinates or location and
pressing the Enter key or left mouse button. You will then be prompted for the well
construction parameters and pumping rate [L*/T]. You must enter a unique well
designator. You will also be permitted to edit the well coordinates. If you change the
coordinates, the well will be redrawn at the correct location. Remember that a positive
pumping rate indicates production, while a negative rate indicates injection. Injection
wells may be contaminant sources by providing a concentration value in the Transport
tab of the property sheet. The concentration represents the contaminant concentration in
the injected water. Note that this is not necessarily the concentration that will be
computed in the model because dilution in the flowing groundwater will normally
reduce the injection concentration to a much lower value.

There are two other options available for wells: (1) observation wells, and (2) constant
concentration wells. In observation wells, concentration is recorded by WinTran at each
time step. These data, presented in the Transport tab, can also be graphically presented
in a view tab (click the View->Well Data menu) or may then be exported to a text file
that can be imported into another graphics program, such as Microsoft Excel, to plot
concentration versus time. In a constant concentration well, the contaminant
concentration is held constant in the aquifer at the well location. When using constant
concentration wells, you should specify a pumping rate of zero.

Another option that effects wells in WinTran is the Options->Snap Wells to Contour
Grid menu. Placing a check mark next to this options causes WinTran to move newly
added wells to a contour matrix node. Remember that the finite-element mesh used for
transport is identical to the contour matrix used to contour heads. If you enter a well at a
location other than a node (intersection of contour grid lines), the velocities computed
by WinTran around the well will not be accurate. The inaccurate velocities may
produce undesirable mass balance errors. This option only effects wells added after the
option is selected. It is recommended that you use this option to ensure proper mass
balance in the transport model.

There is no set limit to the number of wells or any other element that may be added to
the WinTran model. The actual limit depends upon the amount of memory in your
computer.

Linesinks are defined by pressing the left mouse button at the beginning of the linesink.
While holding down the left mouse button, move the cursor to the end of the linesink
and release the button. You will then be prompted for the head or flux of the linesink.
If you have selected a Head Linesink, WinTran computes the flux required to maintain
that head at the center of the linesink. If you have selected Flux Linesink, the flux is
entered in units of [L*/T]. This is normally computed by dividing the total flux rate
[L*/T] by the length of the linesink [L]. To aid you in determining the proper flux rate,
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WinTran displays the length of the linesink in the dialog. A negative flux indicates
injection and positive indicates production. As with the wells, you also have the
opportunity to edit the coordinates and name of the linesink. You may also specify a
concentration value for the linesink. The concentration is only used if the linesink
injects water into the aquifer. As with wells, the concentration represents contaminant
concentration in the injected water.

Ponds are defined by selecting the center of the pond and dragging a circle to the desired
radius while holding down the left mouse button. A dialog will appear that allows you
to edit the center coordinates, the radius, infiltration/discharge rate, and name. The pond
rate is in units of [L/T] in the same manner as recharge. A positive pond flux indicates
recharge, while negative signifies discharge. Note that the sign convention for ponds is
opposite of wells and linesinks. As in wells and linesinks, you may specify a
concentration to apply to any injected water.

Streamlines are only computed for the steady-state model. You have the option of
adding a single streamline, several streamlines started along a line, or several
streamlines along a circle. If you choose the line or circle option, you will then enter the
number of streamlines to add. These will be added at even increments along the line or
circle. When you add a streamline, the point you select is the beginning of the
streamline, which is drawn downgradient of that point. When you change the model in
any way, all streamlines are recomputed during the recalculation of the model. Arrow
heads may be added to the streamline by selecting Options from the main menu and
Trace from the pulldown menu and clicking the Display Arrows checkbox. You
define the distance between arrowheads and the size of the arrow (in model units of
length) on the Streamline tab.

Particle-traces are defined in the same manner as streamlines. Particle-traces take
longer to calculate, however. The particle-trace differs from the streamline in several
ways: (1) the particle-trace is computed numerically instead of semi-analytically; (2) a
time value may be posted on the resulting trace; and (3) particle-traces may be tracked
upgradient (reverse particle-tracking). Options controlling the appearance and
computation of particle-traces are modified by selecting Options from the main menu
and Particle from the pull-down menu. If you want to display arrow heads and/or post
travel times, click the appropriate checkbox. You define the distance between arrow
heads and the size of the arrow heads (in model units of length) on the Particle Trace
tab and travel time label parameters on the Label tab

All of these analytical features may be added from the Toolbar, as described in the
previous section. Simply click on the proper Toolbar icon. As the cursor is moved over
the Toolbar, a text is displayed in the status bar to help you remember which icons go
with which elements.

Editing Analytic Elements

You may edit any analytic element on the map (well, linesink, pond, title, or scale
bar) by moving the cursor over the item and double clicking. Make sure that the

cursor changes to before double clicking. A dialog will appear that allows you
to edit the parameters associated with that element (e.g. pumping rate). To move the
element, hold down the left mouse button and drag the item to a new location.

The size of linesinks and ponds may be changed by moving the cursor to the edge of
the pond or end of the linesink. When in the proper location, the cursor will change

to a “=* . Hold down the left mouse button and drag to a new size.
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Computing the Model

If you have added a feature, edited a feature, or changed any aquifer property, WinTran
will display "ReCalculate” on the status bar. This means that the contour map on the
screen may no longer reflect the changes that you have made. To recompute, select
Calc from the main menu and Recalculate from the pull-down menu. If you have only
changed contouring options, you may select Recontour from the pull-down menu. You
may also use Toolbar icons to recalculate and recontour the model.

When WinTran recalculates the problem, it displays the percentage completion in a
status dialog. The time required to recalculate depends on the speed of your computer
and the number of features that you have added to the model. Recalculation normally
only takes a matter of seconds or a few minutes. After recomputing the model,
WinTran will recalculate the locations of any streamlines and/or particle-traces that you
have added to the model. Finally, WinTran will recontour the results. Progress bars are
displayed during each operation so that you can judge how long it will take to finish.

WinTran provides you with the option to compute just the flow model or both flow and
transport. The Model menu contains three options: (1) Steady-State, (2) Transient,
and (3) Transport. A check mark will appear next to either Steady-State or Transport
and Transient will be inactive.

WinTran provides two options for computing groundwater velocities in the transport
model. The default method is to compute velocities analytically using the analytic
element flow model. This is the "hybrid model approach" described in the chapter
entitled Mathematical Models. It is possible that this modeling approach may produce
poor mass balance errors, especially when you are using linesinks and ponds. If you get
large mass balance errors (above 1 to 10 percent), try selecting the Edit->Model menu,
click the Solver tab and set Flow Model Type to “Finite-Element”. The finite-element
flow model option adds an intermediate step in the simulation process. WinTran first
computes the analytic flow model. Next, WinTran sets up a finite-element flow model
using boundary conditions from the analytic model. After running the finite-element
flow model, WinTran computes velocities for transport.

Evaluating Model Error

Numerical transport models require the user to carefully evaluate each simulation for
potential errors. WinTran assists you in evaluating model error by displaying the mass
balance error on the status bar when the transport model is running. The mass balance
error is expressed as a percentage and should be less than 10 percent for a valid
simulation. Usually, the mass balance error is less than 1 percent.

Even if the mass balance error is below 10 percent, there can be oscillations in the
transport solution. Oscillations are indicated by negative concentrations computed by
WinTran. In extreme cases, alternating nodes will have positive and negative
concentrations producing diamond-shaped contours. When the transport solution
oscillates, check the following:

(1) The Peclet number is displayed on the status dialog as “Pe = and is computed by
dividing the nodal spacing (the distance between nodes in the contour matrix) by the
longitudinal dispersivity. The Peclet number should generally be less than 2 for a stable
solution. If you are experiencing mass balance problems or oscillations, increase
dispersivity until the Peclet number is less than 2.

(2) The Courant number is another criterion used to judge the stability of a transport
simulation. The Courant number is computed as the velocity times time-step size
divided by nodal spacing. This criterion is displayed as “Cr=" on the status bar and
should generally be less than 1. Again, if you are experiencing mass balance or
oscillation problems, try decreasing the initial and maximum time-step sizes.
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There are also times when the Courant number is too low. In cases where the Courant
number is less than 0.1, there can be round-off errors in the matrix solver. In this case,
you should increase the initial and maximum time-step sizes until the Courant number is
close to 1.

There are two other WinTran options that can aid in model stability. These include the
time discretization method (backward and centered in time) and upstream weighting.
The time discretization methods are selected using the Edit->Model menu and clicking
the Solver tab. Backward in time is unconditionally stable but is only first-order
accurate, while centered in time is second-order accurate but may be subject to
instability (Javandel et al., 1984). It is usually best to start with backward in time.

Upstream weighting factors in the X- and Y-directions are edited from the Edit->Menu
Parameters menu and Solver tab. Upstream weighting factors of 1.0 indicate full
upstream weighting, while a weighting factor of 0.0 turns off upstream weighting.
Upstream weighting adds stability to the solution (helps eliminate oscillations) at the
expense of added numerical dispersion. Numerical dispersion is artificial dispersion that
produces similar results to an increase in the dispersivity coefficient.

For more information on model stability, see the Problems with Model Stability section
of the WinTran Application Guide chapter.

Displaying the Results

WinTran displays the results from model calculations using contours, streamlines, and
particle-traces. By default, the design window defines the area that will contain the
contours. You may change the default by selecting Options from the main menu and
Contour from the pull-down menu. A third menu will display several contouring
options. The Window selection allows you to drag a rectangular box to define the new
contour region. The Parameters selection on this third menu provide ways to change
the labeling of the head and concentration contours and the contour interval. If you
make any changes to these options, a dialog will prompt you to recontour the results. If
you have redefined the contour window, you must select Recalculate from the Cale
menu.

You may change the current view of the model by selecting View from the main menu.
A pull-down menu allows you to zoom on a point (Zoom), zoom on a window
(Window), display the full map and contours (Full), scroll the screen a given distance in
a certain direction (Scroll and Left, Right, Up, Down), or to simply redraw or refresh
the current screen (Refresh).

Creating Output

WinTran creates graphical and summary output in several different ways, including the
following:

Print to any selected Windows device;

Create files that are compatible with SURFER™, Geosoft, or Spyglass;
Create standard Windows Metafiles (wmf);

Create ASCII flat files containing X- and Y-coordinates and head (XYZ);
Create DXF file for importing into CAD systems; and

Create an ASCII summary output file.

Any of these options can be selected from the File option on the main menu. Select
Print to send the plot to the current Windows printer. Select Export to create the other
files listed above.
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Contour labels are often not
properly rotated when
printing! Make sure you
select Printer Setup and
select the option to Print
Truetype Fonts as Graphics.

A common problem when printing to the current Windows printer is that the text for
contour labels is not properly rotated. To correct this problem, select File from the main
menu and Printer Setup from the pulldown menu. Most printer drivers have an option
to “Print Truetype Fonts as Graphics” or something similar. Make sure that this option
is switched ON. If this does not correct the problem, you may need an update for your
printer driver. Contact your printer manufacturer or Microsoft for a new one. Many
driver updates are also available on Compuserve.

Another problem can occur in getting the plot to fit on a single page. Select Page Setup
from the File menu, click the Scale tab and click on the Scale to Page radio button in
the Map Scale section. This will force the next printout to fit on a page. Additionally,
placing a check in Display Window causes only what is currently displayed on the
screen to be printed. Placing a check in Map Window causes the currently defined map
window to be printed. The current Map Window is the area defined when you select
View->Full->Screen. You may change the size of the map window by using Options-
>Map->Window or directly changing it by clicking the Options->Map->Parameters
menu on the Window tab.

DXF files created by WinTran are compatible with AutoCAD and most other CAD
software, such as Design-CAD. All entities, such as wells, contours, base map,
streamlines, etc. are stored as separate layers in the DXF file. This allows for easy
editing of the CAD drawing.

WinTran creates up to three different SURFER files. The regular grid of head values
computed by the analytical model is stored in a SURFER grid file that can be displayed
by the TOPO and SURF programs. The grid file can also be used in the GRID program
to make modifications. If you are using a base map or if you have added streamlines or
particle-traces, a SURFER XYLINE file may be created. This file can be read by the
TOPO program to display a digitized map on the contours. If you have generated time
postings on the particle traces, a posting file may be created for use in TOPO.

In order to maintain a QA/QC record of your model run, a summary file may be created.
The summary file contains a listing of all data making up the analytical model, the
names of all files used, the current date, and a summary of all computations.

Saving a WinTran Model

Eventually, you will want to save your WinTran model in a data file for later use. If
you have previously saved the file, select the File->Save menu; if not, select the
File->Save As menu and give the file a name. The file created is totally self-
contained and, unlike previous versions of WinTran, contains the base map
information as well.
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Tutorial

Starting with a Simple Test

What you will learn:
e entering data into the program
e analyzing a test with one observation well using the Theis method
e manual type curve matching
o using weighted least-squares matching
®  specifying units
o modifying the graph & displaying bitmaps
e printing your results
e pasting your graph into Microsoft Word

Aquifer"™? is designed to be both easy to use and very flexible in analyzing aquifer

test data and displaying the results. The first part of the tutorial shows you how to
analyze a simple aquifer test, one in which there is only one observation well. This
first analysis will use the Theis solution (1935) for confined aquifers. The data are
from a real aquifer test reported by Kruseman and de Ridder (1990; page 59).

Kruseman and de Ridder call this aquifer test Oude Korendijk for the area where the
test was conducted. The pumping well was screened over the entire aquifer
thickness of 7 meters. Piezometers were placed at distances of 0.8, 30, 90, and 215
meters. The well was pumped at a constant discharge rate of 0.547 m*/min for 14
hours. This tutorial will use time and drawdown data for the 30 meter piezometer.

Entering Data

The easiest way to get time and drawdown data into Aquifer
to the clipboard from a spreadsheet and then paste the data into the Aquifer
spreadsheet. Any Windows spreadsheet, like Excel, can be used to manipulate the
data before using it in the aquifer test analysis.

Win32 s to copy the data

Win32

You start the Aquifer" ™ program using the Start menu. To start a new aquifer test,

simply click the button on the Standard toolbar or select File->New. Selecting
New from the File menu displays five types of documents or analysis types,

Guide to Using AquiferWin32

Tutorial e 51



including (1) “AquiferWin32 Flow Model”, (2) “AquiferWin32 Analysis”, (3)
“AquiferWin32 Simulation”, (4) “AquiferWin32 Slug Test”, and (5) “AquiferWin32
Step Test”. A Flow Model document is used for analytical groundwater flow
modeling or the analysis of very complex pump tests. An Analysis document is for
normal analysis of aquifer test data and is the document created when clicking the

button on the Standard toolbar. A Simulation document is for simple modeling
of an aquifer test and presenting contours of drawdown. A Slug Test document is a
special type of analysis document for evaluating the results of slug tests using several
different methods. A Step Test document is for analyzing variable discharge aquifer
test data from the pumping well.

In this first tutorial exercise, simply click the button of the Standard toolbar to
start. Two windows are created within the Aquifer"™? frame, including a
spreadsheet on the left and a graph on the right. The default graph type is for the
Theis confined analysis and we will not change that for this example. The
spreadsheet contains one default data from which to begin data entry. If the default
data line is absent, it has been disabled using the Spreadsheet Information property
sheet accessed using the Edit->Options menu. If the default data line is absent,
depress the Ins key.

The first thing you should do when starting a new analysis is to set the units for the
pumping test data. Select Edit->Units to tell Aquifer” ™ what units you are using.
In this case, select minutes (min) for Time Units, meters (m) for Length Units, meters
cubed per minute (cu m/min) for Pumping Rate Units, and square meters per minute
(sq m/min) for Transmissivity Units. Click the Apply Globally check-box at the
bottom of the property sheet to set these units for the entire analysis including all
data types. Take note of the Convert Data check-box at the bottom of the
property sheet. The convert option would transform all data from the units initially
shown on the property sheet to those you want to use. This can be convenient when
you want to convert units later on; however, we do not want Aquifer" ™ to perform
any calculations at this point. When both the Apply Globally and Convert Data
check-boxes are checked, the entire document will be updated to a new set of units
without affecting the analysis results. This feature is of primary use when peer
reviewing analyses that were done in a different set of units than the one you are
comfortable with. You can simply change the units and review the analysis. In this
example, we just want to define what our units are. Accept the property sheet by
clicking the OK button.

Aquifer"™” has a very sophisticated unit conversion scheme that allows you to
convert just about any data item in the program from one set of units to another at
any time. We will explore unit conversion in more detail later. Right now, we just
want to set up the units that our data were entered in. The time and drawdown data
points for this test are provided in a file called kdr_ok.xIs which is in Microsoft
Excel Version 7.0 format. You can enter the data for this test in three ways, (1) open
this file in your spreadsheet, copy the data to the clipboard, and paste into the
spreadsheet in Aquifer™™? | (2) manually type the data into the Aquifer"™™™?
spreadsheet, or (3) input the data from an ASCII text file (kdr_ok.dat).

To paste the data into the Aquifer" ™2, simply go into your spreadsheet (Excel or

Lotus, etc.), open the kdr_ok.xls file, drag a selection block around the first two
columns of data from spreadsheet row 6 through row 39, and copy the data to the
clipboard. Next, click on the left side of line 1 in the Aquifer”™? spreadsheet. Type

Ctrl-V or click the button on the Standard toolbar to paste the data into
Aquifer"™?, The default first point is still in the spreadsheet, however, so go to line
35 in the spreadsheet, click on the line to highlight the data, and hit the Del key.
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Many users have indicated that they do not want the default first line in the
spreadsheet when a new document is created. It’s primary purpose is to facilitate
manual data entry; however, most often the data is imported or pasted into the
spreadsheet. To eliminate the default data row from appearing in future documents,
click on the Edit->Options menu and click on the Add initial row to the
spreadsheet check-box to remove the check as below.

Spreadsheet Information E|

Optians ] Fonts |

Spreadzheet Options
[ &dd initial row to spreadsheet Scroll Timer [millzeconds] |50 E

Grid Color ek -
Curgor Color Blcac: - Curgor Hatch N\ -

Selection Options

Grid Color [ ]white = Background Color | Black -
Text Color [ ] white 1|r| Tewst Background | Black -

[ Save Az Defaults | Restore System Defaults [ Update Data Calumns

(] 4 | Cancel Apply Help

To import the data from a text file, click on the first line in the spreadsheet to
highlight that row. Select File->Import and find the file called kdr ok.dat.
AquiferV™? will notify you that 34 lines were imported. As with pasting from the
clipboard, there will be one extra line to be deleted. In this case, however, you will
delete the first line.

You may also enter the data by hand. Simply click on the first cell in the spreadsheet
and start typing the data. The first column is for time and the second column is
drawdown. These data are shown below for the 30 meter piezometer.

Time (min) Drawdown (m)
0.100 0.040
0.250 0.080
0.500 0.130
0.700 0.180
1.000 0.230
1.400 0.280
1.900 0.330
2.330 0.360
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2.800 0.390
3.360 0.420
4.000 0.450
5.350 0.500
6.800 0.540
8.300 0.570
8.700 0.580
10.000 0.600
13.100 0.640
18.000 0.680
27.000 0.742
33.000 0.753
41.000 0.779
48.000 0.793
59.000 0.819
80.000 0.855
95.000 0.873
139.000 0.915
181.000 0.935
245.000 0.966
300.000 0.990
360.000 1.007
480.000 1.050
600.000 1.053
728.000 1.072
830.000 1.088

You will see the data being displayed in the graph window as they are entered. After
entering the data shown above, your screen should look similar to the one shown
below (if the data point locations are different from those shown below, select Calc-

>Reset Data Offset ):
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Now that we have the time and drawdown data, we will enter the remaining test data.
Select Edit->Aquifer Test to enter the pumping rate and distance to observation
well. Click on the Pumping tab on this property sheet and enter the following
information:

Pumping Well Name P1

Pumping rate

0.547 m*/min.

Pumping well screen length 7 m
Monitoring Well Name H30
Radial Distance 30 m

Screen length

7m

The property sheet should resemble the one below. Click OK when you are done.
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Aquifer Test Information
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At this point, the data for our analysis have been entered. This involved essentially
two steps, (1) enter the time and drawdown into the spreadsheet and (2) define the
pumping rate and radial distance to the observation well. Now, click anywhere on
the graph window. You will notice that the toolbar buttons that were gray are now
ready for use. The toolbar and menu respond to the currently active window. The
spreadsheet and graph are two different windows and they have two different menus.

Analyzing the Test

Aquifer"™ provides two ways to estimate aquifer properties from time-drawdown

data: (1) manual curve matching, and (2) a nonlinear least-squares statistical match.
We will show you the statistical matching first.

Click on the graph to activate most of the toolbar. Click the button on the
Match toolbar to automatically choose the best value of transmissivity and storage
coefficient for this test. Aquifer” ™ uses the Marquardt (modified Gauss-Newton)
nonlinear least-squares technique to find the best statistical match between the field
data and the type curve you have chosen, in this case the Theis curve. You will see
T (transmissivity) and S (storage coefficient) displayed on the status bar at the
bottom of the Aquifer™™™? frame window. The values should be 0.334 m*/min for T
and 0.000112 for S after the optimization is complete.

You may view detailed results of the nonlinear least-squares match by selecting the
Edit->Solution menu. The Solution tab on the Solution Information property sheet
displays the type of analysis you have performed (in this case, the Theis analysis).
Other tabs include:

e  Parameters (the initial guesses for parameter values)

e  Results (optimized parameters computed by either manual or nonlinear
least-squares)
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e  Exceptions (unlink or unfix parameters; set enforced minimum and
maximum values for parameters)

e  Statistics (match point data and statistical measures)
e Data (time and drawdown data used to construct the type curve)

We will discuss this property sheet in more detail later in this tutorial. For now, just
click the tabs to see what types of information are displayed. One unique feature of
Aquifer"™ is the ability to display the units for any field by moving the mouse
cursor over that field. The units are displayed as tooltips (a box drops down from the
field) and on the status bar. You may also right click on the field to display a context
menu containing more options. One of the options on the context menu is a unit

conversion feature.

The values reported by Kruseman and de Ridder are 0.272 m*min for T and 0.00016
for S. They obtained different results because they ignored late time data. You can
come close to these results by pressing the down arrow key on the keyboard once
followed by the left arrow key three times (NOTE: the number of times you press
the arrow keys is system-dependent and may vary). This moves the data over the
curve and yields T and S values that are closer to the Kruseman and de Ridder
results.

In addition to using the arrow keys on the keyboard, Aquifer" ™ provides two sets

of four arrows (up, down, left, right) on the toolbar. There are four large arrows and
four small arrows. The large arrows move the data farther than the small arrows.
The keyboard arrow keys are equivalent to the large arrows on the toolbar. Holding
down the shift key and pressing the keyboard arrow keys is equivalent to clicking the
small arrows on the toolbar which move the data a small distance for fine tuning the
match.

Weighted Data

Notice that the last 12 points on the curve do not match very well with the type
curve. You can remove them from the analysis by changing their weights in
Aquifer™™?. Aquifer"™? performs the nonlinear least-squares analysis on weighted
residuals (errors). A higher weight means that the error has less significance to the
results. By default all data points have a weight of 1.0. We will now change the
weights of the last 12 data points to a value of 1000.0. Select Edit->Aquifer Test as
before and click on the Well Data tab. You will see a spreadsheet showing time,
drawdown, symbol type, and weight. Scroll to the last part of the spreadsheet and
enter the value 1000.0 for the last 12 points. Alternatively, select the last 12 rows by
clicking the mouse in the left most column of the spreadsheet containing row
numbers on row 23 and dragging a selection around the remaining rows. Right click
the mouse on the spreadsheet to activate the context menu and select the Selection
menu. The Selection Edit Options property sheet is displayed. Tabs exist for each
column of the spreadsheet. Since we are interested in the value of weight, click on
the Weight tab, click on the Set Value radio button and enter “1000” into the
adjacent edit field as below.
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You might also change the symbol type to show that these points are being treated
differently. To change the symbol type directly on the spreadsheet, double click on

the spreadsheet cell containing the symbol you wish

to change. You may change the

color, size, and shape of the symbol. In this case, click on the Symbol tab, click the
Set Value radio button, and set the Symbol combo box to a triangle as below.
Accept the property sheets by clicking the OK buttons.
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After modifying the weights click the button on the Match toolbar again and
you should end up with a transmissivity value of 0.28 m*/min and a storage value of
0.000167. These are close to the Kruseman and de Ridder results.

Changing Analysis Types

The example presented so far used the Theis method for confined aquifers. You may
change the analysis type at any time by selecting Edit->Solution. We will cover the
more advanced tests in later sections.

Modifying the Graph

You may modify just about any feature of the graph presented in Aquifer
Changing axes and labels is accomplished by selecting the Edit->Graph menu
(NOTE: you must first click on the graph side of the window to enable editing of
the graph). The Graph Information property sheet is displayed with the following
tabs:

Win32

Graph Title of the graph and size of the graph in inches

X-axis Style and annotation of the X-axis

Y-axis Style and annotation of the Y-axis

Line Types Thickness and color of the graph border, axes, grid lines

Line Styles Color, thickness, labeling, style of data and type curve
line(s)

You should explore these options to see how you can modify the style of the graph.
The default settings are usually adequate, however, for most applications.

Another useful feature to annotate the plot is the use of legends, titles, and frames to
enhance the graph. These are selected on the Add menu when the graph window is
highlighted. One common use of these features is to add a logo for your firm. To do
this, select Add->Frame. Now drag a rectangle on the graph. The Frame
Information property sheet will be displayed for this frame. Click on the Contents
tab and change the Type field to “Bitmap”. Click the Browse button to find the
bitmap file you want to display (an example ESILOGO.BMP is provided for the
tutorial). Most of the time, you will check the check-box Scale to Rectangle which
forces the bitmap to fit within the rectangular frame. You may move the frame
around on the screen and resize it. You may add as many frames as you like to the
graph.

You will often want to add legends to the graph to display the value of T and S for
example. The easiest way is to add a default legend by clicking the Add->Legend
menu, drag a rectangle on the screen and click the Finish button on the Legend
Wizard. Custom legends can be somewhat complex and are covered in another
chapter. Another aproach to legends is to create one that you like and then
copy/paste it from one Aquifer" ™? document to another. That way, you only have
to create it once.

Below is an example of what a final analysis would look like by modifying the title,
adding the legend, and performing the analysis with the weighted time-drawdown
data as discussed above. This legend also includes information identifying which
data points were used and which were ignored.
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Printing Results

Aquifer”™? prints the graph on your screen using any available Windows™ driver.

Simply select File->Page Setup to decide margins etc. Now select File->Print or
File->Print Preview to print the graph.

Displaying a Graph in Another Application

Aquifer™? is an OLE server application. This means that you can copy a graph

from Aquifer"'™? into another Windows application (Word or Excel, for example).
You have the choice of linking the graph to the Aquifer"™? file so that it can be
modified if you change your analysis in the future.

To copy a graph to Word, for example, you would run Aquifer™™? and perform the

analysis. Click on the graph window and select Edit->Copy. Now, run Word (or
any other Windows application) and select Edit->Paste Special. A property sheet is
displayed that allows you to paste the graph as a “Picture” or as an “AquiferWin32
Analysis Document Object”. If you choose the latter, you may then double click on
the graph in Word to modify it. You may also choose an option called Paste Link
which would link the graph to your Aquifer"™™? file so that the Word document
would be modified when you change the analysis. This is a powerful feature that
allows you to create customized reports for your aquifer test analysis.

Multiple Type Curve Example

What you will learn:
o Analyzing an aquifer test in a leaky aquifer with one well
o Displaying and manipulating multiple type curves

Many of the aquifer test analysis methods use a family of type curves. In this case,
your goal is to not only fit the data to a curve but to also choose the best curve.
Aquifer”™? is designed to help in this type of analysis by displaying a family of type
curves for these methods. You may choose how many curves are displayed and may
use this feature to prepare sets of master type curves for use in analyzing data in the
field (i.e., the old-fashioned way!).
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In this second example, we will analyze an aquifer test reported by Lohman (1979;
page 33) using the Hantush (1960) method for leaky aquifers with storage in the
aquitard. This method uses a family of curves with each curve having a constant
value for 3, which accounts for the thickness, hydraulic conductivity, and storage

properties of the aquitard.

Follow these steps to prepare for the analysis of the Lohman data:

1. Click the button on the Standard toolbar and enter the time and drawdown
data for the test. These data are given in an ASCII text file loh33.dat and in the
following table. Remember, to import the ASCII file click on the first row in the
spreadsheet and select File->Import. You can also right click on the spreadsheet

and select Import from the context menu.

Time (min) Drawdown(ft)
6.37 0.01
8.58 0.02
10.23 0.03
11.9 0.04
12.95 0.05
14.42 0.06
15.1 0.07
16.88 0.08
17.92 0.1
21.35 0.12
21.7 0.13
22.7 0.14
23.58 0.15
24.65 0.17
29 0.21
30 0.22
32 0.24
34 0.26
36 0.28
38 0.3
41 0.33
44 0.36
47 0.38
50 0.42
54 0.46
60 0.52
65 0.56
70 0.6
80 0.65
90 0.75
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100 0.82
137 1.04
150 1.12
160 1.17
173 1.24
184 1.27
200 1.35
210 1.4

278 1.68
300 1.76
315 1.83
335 1.87
365 1.99
390 2.1

410 2.13
430 2.2

450 2.23
470 2.29
490 232
510 2.39
560 2.48
740 292
810 3.05
890 3.19
1255 3.66
1400 3.81
1440 3.86
1485 3.9

2. Select Edit->Units and set Time Units to “min”, Length Units to “ft”, Pumping
Rate Units to “gal/min”, and Transmissivity Units to “sq ft/d”. Click the Apply
Globally check-box then click OK to accept the property sheet.

3. Select Edit->Aquifer Test and click on the Pumping tab. Enter the pumping rate
of 750 gallons per minute (gpm) and the distance of the observation well from the
pumped well of 1,400 ft. Click OK to accept the property sheet.

4. Click on the graph window and then select Edit->Solution. The Solution tab is
shown first by default. Change the combobox from “Theis, 1935 (Confined)” to
“Hantush, 1960 (Leaky Aquifer with Storage)”. Click the Curves tab to see which
values of 3 will be plotted as separate type curves. You may add additional curves
by clicking the Add button.

5. Click the Parameters tab and ensure the all three Hydraulic Parameters are free
to vary. The small check-boxes that are intended to resemble push pins located to
the right of Transmisivity, Storage coefficient and Beta should all be unchecked. If
they were checked, as with Radial distance and Pumping rate, the values would be
held constant during optimizations.
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6. Click OK to accept the property sheet.

You are now ready to analyze the data. It is strongly recommended that a manual
match be performed first. Using the arrow keys on the keyboard, attempt to
manually match the data to the third type curve from the left. Essentially, you try to
determine which type curve best matches your data. Then, set the combo box on the
Match toolbar to that value, in this case use “2.00”. You could also toggle through
the type curves by using Ctrl-T on the keyboard. Once you have changed the
selected type curve, make final adjustments to the manual match. A manual match
will update the initial guesses for parameter values based on the match point and the
selected type curve so you must move the data after a new type curve has been
selected to update its initial guess.

The default behavior of the application is to calculate an initial guess for T and S
using a straight line method. Although this works well for some analyses, it doesn’t
work for this one; therefore, deactivate this default behavior by clicking the Edit-
>Solution menu, click the Advanced button on the Solution Information property
sheet and click the Calculate Initial Estimates check-box to remove the check. If
you do not deactivate the calculation of initial estimates, you will get an error
message during an optimization stating that the numerical solution has become
unstable. This means that the Marquardt procedure could not come up with an
improved estimate for T and S. One problem with the Marquardt method is that your
initial guess for T and S must be fairly close to the “right” answer before it will work
properly. You will get another message after the error dialog that asks if you would
like to turn off the option to automatically estimate initial guesses for parameters.
Selecting Yes on this dialog does the same thing as removing the check from the
Calculate Initial Estimates check-box.

Click the button on the Match toolbar to analyze the test results using the
nonlinear least-squares technique. The solution should converge to a T value of
about 2,190 to 2,200 ft*/d, an S value of about 4.6e-05, and a beta value of 1.76.

In order to have the correct type curve on the graph (for a beta value of 1.76), select
Edit->Solution, click on the Curves tab, select “2.00” in the Curve Information list
box, click the Edit button, and change the value to “1.76”. Click the OK button on
the dialog and the OK button on the property sheet. The type curves will then
recalculate. Select the 1.76 type curve and click the calculator button. The values
obtained by Lohman were 2,170 ft*/d and 3.0e-05 for T and S, respectively.

In order to add a legend to the graph, click the Add->Legend menu and drag a
rectangle anywhere on the screen, click the Finish button on the Legend Wizard that
appears. This will add the default legend to the graph. Your screen should look
similar to the one shown below.
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If you are familiar with other aquifer test software, you will see that Aquifer" ™ has
a slightly different philosophy or focus. Whereas most other aquifer test analysis

Win32 .

packages rely heavily on the automatic matching procedures, Aquifer is
designed to be more like the visual or manual matching techniques advocated by
most hydrogeology text books (See Fetter, 1994 for example) and by ASTM. An
alternative view of the match results is presented in the Predicted view tab. Click on
this tab and also click on the View->Clip Data menu to clip the predicted curve to
the graph window. Repeat the above procedure to add the default legend. The
resultant graph displays the observed drawdown versus time data and predicted
drawdown versus time curve. This graph can be annotated and modified as required
and an example is shown below.
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Using Multiple Observation Wells

What you will learn:
e analyzing an aquifer test with multiple observation wells
e advanced discussion of unit conversions
e more about adding legends
e optimizing the solution for all wells and for individual wells
e more about using AquiferWin32 as an OLE server

The remaining tutorial examples cover advanced topics in Aquifer™™2. These
examples are designed to show you how to perform unit conversions, annotate plots,
and work with complex data sets.

This section outlines how to analyze a multiple well pump test. The particular data
are taken from Lohman, (1979; page 19). The first step is to create a new

Aquifer”™? Analysis document by clicking on the button on the Standard
toolbar. Once the document is created, the first step is to set the units to be used in
the analysis. The Edit->Units menu displays the Unit Information property sheet
with two tabs. The first tab, Summary, contains the four basic parameters and their
respective units. The values represent either the program defaults or the values
previously saved as default. Under normal circumstances, you would set the
summary units to most closely approximate the units of the data collected. In this
instance, we will intentionally deviate from the norm in order to demonstrate unit
changes activated from other parts of the program. Set Time Units, Length Units,
Pumping Rate Units and Transmissivity Units to “sec”, “ft”, “gal/min” and “sq ft/d”.
Click the Save As Default check-box and the Apply Globally check-box. There is
no need to click the Convert Data check-box because no data exist yet. (NOTE:
Whenever a new parameter or well is created in Aquifer™"™ ", the default values
saved in this way are used to set the initial units.)

Before exiting the property sheet, click on the Units tab. This tab allows specific
parameters to be assigned units. Aquifer™ ™ allows the ultimate flexibility when it
comes to setting units; however, it is imperative that one understands the paradigm.
Every parameter contained in Aquifer™™? has units that can be expressed in terms of
three generic "units"; these are length (L), time (T) and volume (V) with the possible
values organized into three sets of radio buttons. When a parameter is selected in the
Parameter combobox, the appropriate radio button sets are activated. Simply select
the desired unit from each radio button set. One of the most complicated parameters,
Transmissivity, can be expressed in dimensionless units as V/T/L. If you select
gallons, days and feet for V, T and L the resulting units would be gallons per day per
foot (gal/d/ft). If you select cubic feet, days and feet, the resulting units would be
square feet per day (sq ft/d). (NOTE: If changes are made to both tabs of this
property sheet, the values on the Summary tab take priority.) Accept the
property sheet by clicking the OK button.

Since we are setting up a multiple well scenario, click on the Site Map view tab to
activate it. Now we should set up the map via the Options->Map->Parameters
menu. Click on the Window tab and set both Height and Width to “1000”. If we had
a basemap of the site, we would click on the File tab and enter a map file name
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which would automatically set the map window dimensions based on the map being

imported. (NOTE: Unlike other ESI software, the map is stored with the

document so that it is self-contained.) Accept the property sheet and add the wells
@l

by using the Add->Well menu or clicking the button on the Analytic toolbar.

In either case, the cursor will change to perform a drag insert. Move the cursor to the
desired location on the map and click the left mouse button. For our purposes, put
the cursor anywhere and edit the Well Information property sheet as below.

Well Information §|

Ph_'rlSiCEll l D|3p|a_|r|]

Well Dezsignator: |PW1

Congtruction Parameters

Casing Inner Diameter IDE—E
Diarneter af Drilled Hale IDE—E
Screen Length IE—E
Screen Top Depth ID—E

Spatial Parameters

y o B oy @ H

k. | Cancel | Help |

Although it is a good idea to fully define the pertinent construction parameters, it is
not required for this example. The reason is that the Theis analysis (which we intend
to use) does not use any of the well construction parameters. Click on the Display tab
and click on the Display check-box so that the well name, PW, is displayed and click
on the OK button. In similar fashion, add three more wells using the default well
construction information:

Name X Y
N-1 100 300
N-2 500 100
N-3 900 100

Now that the "Site" has been defined, the next step is to define the "Aquifer Test".
Click on the Edit->Aquifer Test menu. The first tab of the Aquifer Test Information
property sheet contains user-fields. These user-fields can be used to annotate any
Graph or Map View and are also included in the hard copy report. Click on the
Pumping tab and select “PW” in the Pumping Well combobox. Now we must define
the pumping schedule. Click the left mouse button in the Pumping Rates spreadsheet
or Tab into it from the Pumping Well combobox. Hit the Ins key or right click the
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mouse within the spreadsheet and select Insert from the context menu. We now
want to set the pumping rate to 96,000 ft3/d but the units on the column are gallons
per minute (gpm). Right click the mouse within the spreadsheet and select Column
Conversion to display the Unit Information property sheet as below.

Unit Information E|
L rits l
Column:
it gal/min
Length Time Walume
i " zeconds " cubic inches
. * minutes " cubic feet
" £ hours £ cubic millimeters
f_“ " dayz " cubic centimeters
i £ cubic meters
& gallors
£ liters
[ Apply Units [ Apply Globally | Corvert Data
k. | Cancel Help

Select “Pumping Rate” in the Column combobox and set the Time units to “days”
and the Volume units to “cubic feet”. Click on the Apply Units and Apply Globally
check-boxes and click on the OK button. The column title will change to reflect the
new units.

To enter the data, click the mouse in spreadsheet row 1 and column 2 and enter
“96000”. At this point, if you were to hit the Tab key or the Enter key a new data
row would be added and you could continue entering the pumping schedule. Hit the
Esc key once to clear the field. Now lets assume you really want your pumping rates
displayed in gpm. Right click the mouse to bring up the context menu and activate
the Column Conversion menu. With “Pumping Rates” selected in the Column
combobox, set the Volume units to “gallons” and the Time units to “minutes”.
Activate Apply Units, Apply Globally and Convert Data then click on the OK
button. The pumping rate is now displayed as 498.667 gal/min.

The next step is to define the wells monitored during the test. Click the Wells tab
and move wells N-1, N-2 and N-3 from the Available Wells list to the Monitored
Wells list by clicking the Add button three times. (NOTE: This and other
Add/Remove list box pairs are Drag and Drop enabled so you can drag items
from one list box to the other.)

To enter the drawdown data for the monitoring wells, click on the Well Data tab.
This spreadsheet has tabs along the bottom for the Match Data and each of the
monitored wells. Click on the V-1 tab to begin entering the data. By now you
probably have experience entering data into the spreadsheet using the keyboard so
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we will import the data from an ASCII file. Click the right mouse button within the
spreadsheet to activate the context menu and select Import. Import the file n-1.dat
which should be contained in the Aquifer"™? directory. Repeat the procedure for
the other three monitored wells using n-2.dat for well N-2 and »n-3.dat for well N-3.
Since this tutorial attempts to represent real world, we must now correct a mistake.
The time data contained in the ASCII files are represented in minutes and the units
on the Time columns in the respective spreadsheets is seconds. Activate the context
menu (right click the mouse) and select Column Conversion. Set the Column
combobox to “Time” and click on the “minutes” radio button. Click on the Apply
Units and Apply Globally check-boxes and then click the OK button to perform the
unit change. The Apply Globally check-box made the unit change to all time data
throughout the data file saving us some time. Obviously, global unit changes
without data conversion must be done with care.

After we accept the Aquifer Test Information property sheet by clicking the OK
button, we are ready for the next step. You will note that the Match Data
spreadsheet to the left of the map has only changed in that the units on the Time
column are now minutes due to our global time unit change. We must now define
the "Analysis" by using the Edit->Analysis menu. The Analysis tab contains
additional user fields and determines how the pumping rate is calculated from the
pumping schedule. In this case, the default, Calculate Time Average Pumping, is
acceptable. Click on the Match Data tab as shown below.

Analysis Information E

Analysiz  Match Data l zer ]

well Designator: M-1 -

Match D ata Infarmation —
[rata Clipping

[ Min. Time =
[ Max Time ID—E
* Exclude Well [ Min. Drawdawn IU—E
[ Adjust D ata for Badial Distance ™ Mas, Drawdown ID—E
Diata Transformation
Time Scale 1 E Offzet a E
Drawdown Scale 1 E Offzet a E
Symbol Style
Colar |- Fed j Thickness m
Symbal | X T Sige |8 point ~|

" Include well In Match Data

" Include Well Individually

] 4 | Cancel Help
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There are various ways to analyze this problem so we will begin with the most
traditional which is to combine all the wells together adjusted by radial distance. To
accomplish this, click on the Include Well In Match Data radio button and the Adjust
Data for Radial Distance check-box. Change the selection in the Well Designator
combobox to “N-2 and repeat the previous settings. Also, change the Symbol Style
to something other than the default. Repeat the procedure for well N-3 and click the
OK button. Since we have made changes to the symbol styles, the following dialog
will be displayed to confirm that we want to reset all symbols. Click the Yes button.

AquiferWin32 ¥3

2
\“/

The symbal characteristics have been changed For at least ane well which will reinitialize the symbals for all wells, Any data symbols set For individual data paoints will be lost,

Do you want ta update all data symbals?

The spreadsheet has now been populated with the resulting data to be analyzed. At
this point the columns of the spreadsheet may need to be expanded to better see the
column titles and data. The easiest way is to click within the spreadsheet and select
the View->Optimize menu which will make the columns just wide enough to
display their contents. Click on the Match Data tab to display the Type Curve
Graph. Since we have made some unit changes without converting the data, it is
good practice to click the Calc->Reset Data Offset menu to reinitialize the data
offsets. Notice that the data is nowhere to be seen. This is because the Adjusted
Time coordinates are much lower than the minimum for the graph. You can either
repeatedly hit the right arrow key until they come into view or optimize the solution
via the Calc->Optimize menu. In this example, optimizing the solution gives a
Transmissivity value of 13376.4 ft2/d and a Storage coefficient value of .000201527.

Another way to analyze the same data is to include each well individually and
optimize them as a group. Choose the Edit->Analysis menu and click on the Match
Data tab. For each monitoring well click on the Include Well Individually radio
button and click on the Adjust Data for Radial Distance to stop dividing the time
data by radial distance squared. Click on the OK button and the window would look
like the one below.
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Now that there are multiple data sets being analyzed individually, things are more
complicated; however, this flexibility allows more detailed analysis of the data. The
group optimization procedure allows total control over which parameters are
optimized across data sets. Before we delve into the intricacies of this procedure it is
important to understand how to work with multiple data sets. The first thing to
understand is that each well has its own set of analysis parameters that can be
manipulated individually. To demonstrate, manually match the currently selected
data set, N-1, to the type curve using the arrow keys. Fine tune the match by holding
down the shift key while using the arrow keys. To see how close your visual match
is to the "optimized" match, activate the Calc->Optimize menu. Toggle between
data sets using the Edit->Toggle Data Set menu or the accelerator key Ctrl-D.
Notice that the view tab changes to "Match Data - N-2" to indicate the active well.
Also, note that the data values in the spreadsheet change to reflect the active well.
Repeat the manual match and optimize match for this data set and for the N-3 data
set. As you toggle between data sets the status bar reflects the differing values
calculated for Transmissivity and Storage Coefficient. The same results could be
achieved by simply using the Cale->Optimize Group menu which will optimize all
data sets individually because we have not set any parameters to be optimized as a

group.

Using this procedure, you can determine the variability of the calculated parameters
(Transmissivity and Storage Coefficient) to data from each well. To simulate the
previous results when all data were adjusted by radial distance and treated as one
data set, use the Edit->Group Optimize Parameters menu. The Group Optimize
Parameters property sheet is an Add/Remove list box pair in which the Available
Parameters list box contains all analysis parameters that are free to vary in each data
set. Click the Add button twice to move both “Transmissivity” and “Storage
Coefficient” to the Optimized Parameters list box and click the OK button. Now,
clicking the Cale->Optimize Group menu will optimize all three data sets such that
the best value of Transmissivity and Storage Coefficient are determined. Click the
Calc->Optimize Group menu and toggle through the data sets. Notice that the
value of Transmissivity and Storage Coefficient displayed in the status bar are all the
same and, not coincidentally, equal the values calculated using the more traditional
analysis we performed first.

The final step in any analysis is to prepare a graph for the report. The first thing to
do is add a legend to the graph indicating which symbols represent the well data.
Click on the Add->Legend menu and drag a rectangle along the bottom of the
window. After dragging a rectangle, the Legend Wizard will be displayed. As
before, just clicking finish is sufficient to add the default legend. In this case, we
want to click Create Empty Legend to create a different type of legend.

After the legend box is displayed, double click on it to display the Legend
Information property sheet. Set the Spatial Parameters such that X/ equals “1”, Y1
equals “.25”, X2 equals “9” and Y2 equals “0”. Click on the Contents tab and click
the Display Border check-box to deactivate it. Next click the Items tab and click on
the Automatic Maintenance of Graph Data Sets check-box to activate it. Finally,
click the OK button to accept the changes. A legend will be displayed containing
the symbol and well name for each data set. In order to edit the label and/or font
used, use the Edit->Graph menu to display the Graph Information property sheet.
Click on the Line Styles tab, set the Data Set combobox to “N-1"" and enter "Well N-
1" in the Label field. This will override the default label which is the name of the
well. Click on the Font button and change the Font to “Times New Roman”, the
Font Style to “Bold”. Click the OK button and then set Color to “Red”. Repeat the
procedure for N-2 and N-3 and click the OK button to accept the changes.

Add a more meaningful title to the graph by right clicking on the graph and selecting
Graph from the context menu. On the Graph tab, change the Title field to be
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"Lohman Theoretical Confined Aquifer Test" and click on the OK button. Now
annotate the graph to display the calculated Transmissivity for all three wells.

Click the Add->Legend menu and drag a rectangle starting from the lower right
corner of the graph into the graph body. The size does not matter only the starting
point since the legend size will be automatically adjusted. On the first page of the
Legend Wizard click the Automatically Adjust and Locate Legend checkbox to
uncheck it, click the Create custom legend checkbox to check it and then click the
Next button. Remove Transmissivity and Storage Coefficient from the right list box
since these represent the current well values which change as you toggle between
wells. Now, drill down into the tree control into Specific Wells/N-1/Analysis
Parameters and select Transmissivity. Click the Append button to add it to the right
list box. Now, edit the Title field to be “Well N-1 Transmissivity”. Repeat the
procedure for the other two wells. Click the Next button twice, click the Symbol
Sublegend check box to remove it from the legend and click the Finish button.
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In order to demonstrate the manual procedure, you could accomplish a somewhat
less complex legend as follows. Use the Add->Legend menu and drag a rectangle
in the lower right area of the graph. On the Legend Wizard click the Create empty
legend radio button and click the Finish button. Double click the mouse inside the
legend you just crateed to display the Legend Information property sheet. Set X/
equal to “5”, Y1 equal to “1.5”, X2 equal to “8.5” and Y2 equal to “3.25”. Click on
the Contents tab and set the Type combobox to “Solid”. Click on the Ifems tab and
set the Item Type combobox to “Title Object” and click on the Add button. Set the
Title field to "Well N-1" and X, Y to “.25”, “1.25”. Click on the OK button. Repeat
the add procedure for wells N-2 and N-3 using X, Y of “.25”, “.75” and X, Y of “.25”,
“25” respectively. Now change the /tem Type combobox to “Parameter Object” and
click the Add button. The following property sheet should be displayed.
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In the Tree Control List Box, click on the + sign for “Specific Wells” to reveal the
detail. Continue to drill down into “Specific Wells/N-1/Analysis
Parameters/Transmissivity” and select “Transmissivity”. Set the X and Y values to
“1.1” and “1.25”. Add two more parameters for N-2 and N-3 using X, Y values of
“1.17,.75” and “1.17, “.25”. Accept the legend by clicking on the OK button. The
resulting graph is displayed below.
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Now that the analysis has been performed and the beautification procedure is done,
activate the Edit->Group Optimize Parameters menu and remove
“Transmissivity” and “Storage Coefficient” from the Optimized Parameters list box
by clicking the Remove button twice. Accept the property sheet by clicking the OK
button. Activate the Cale->Optimize Group menu and notice that the legend is
updated at the end of each iteration. When the process has completed, you now have
a graph in which the data from all three monitoring wells have been optimized
independently and the resulting transmissivity values are displayed.

Now save the analysis document via File->Save As and name the file multwell. agw
and exit the program.

Suppose that you are generating your final report using an OLE Container program
such as Microsoft Word. Since Aquifer™™? is an OLE Server, you can link the
newly created analysis document directly into the report such that subsequent
changes to the analysis will be automatically updated in your report. To perform this
operation, start up your OLE Container (e.g. Microsoft Word) and create a new
document. Click on Insert->Object menu and you should get a property sheet
something like this:

Obet @R

reate kew | Create from File |

Ohiject tvpe:

Acrobat Control Far Ack
Adobe Acrobat Document
AquiferWiniz Analysis Document
Aquiferitiniz Flow Model Document
Aquiferwin3z Simulation Document:

Aquiferwin3z slug Test Docurnent ™ Float over kext
Aquiferwin3z StepTest Documenk . -
Bitrmap Image ;I [" Display as icon
~Result

Inserts a new Acrobat Conkrol For Ackivel

EE object into vour document.

Ik I Zancel

Win32

Notice that there are entries in the Object Type list box for the four Aquifer
document types. If you were to select one of them and click the OK button, you
would find yourself in Aquifer™™? editing a new document of the selected type.
Such a document would then remain an editable part of the document totally self-
contained. Since we want to create an OLE Link click on the Create from File tab

which will display the following property sheet.
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Click on the Browse button and locate the file multwell.agw, click the Link to File
check-box and close the property sheet using the OK button. When all the window
flashing and disk access stops, the graph from your analysis document will be part of
the Word document.
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Double click the mouse on the graph and you will find yourself in Aquifer" ™

editing multwell.agw. Click the mouse within the graph in Aquifer" ™ and hit the
down arrow key. Use the menu File->Save to save the change and change windows
to the OLE client software in normal windows fashion. Notice that the graphic
within the Word document has changed to reflect the change made to the

Aquifer™™? analysis.
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Analyzing Recovery Tests

What you will learn:
e analyzing the recovery of an aquifer test
e alternative solution using variable pumping

The first tutorial demonstrated how to analyze a simple aquifer test, one in which
there is only one observation well. This tutorial shows how to analyze the recovery
data from that same test taken from a real aquifer test reported by Kruseman and de
Ridder (1990; page 59).

As previously stated, Kruseman and de Ridder call this aquifer test Oude Korendijk
for the area where the test was conducted. The pumping well was screened over the
entire aquifer thickness of 7 meters. Piezometers were placed at distances of 0.8, 30,
90, and 215 meters. The well was pumped at a constant discharge rate of 0.547
m’/min for 14 hours. This tutorial will use time and drawdown data including
recovery for the 30 meter piezometer.

Entering Data

Start a new aquifer test by clicking the button on the Standard toolbar or select
File->New. The default graph type is for the Theis confined analysis which we will
change after the data has been entered. The first thing you should do when starting a
new analysis is to set the units for the pumping test data. Select Edit->Units to tell
Aquifer™™? what units you are using. In this case, select minutes (min) for Time
Units, meters (m) for Length Units, meters cubed per minute (cu m/min) for
Pumping Rate Units, and square meters per minute (sq m/min) for Transmissivity
Units. Click the Apply Globally and Save As Defaults check-boxs at the bottom of
the property sheet to set these units for the entire analysis including all data types and
accept the property sheet by clicking the OK button.

Import the drawdown versus time data including recovery from the file fulltest.dat.
To import the data from a text file, click on the first line in the spreadsheet to
highlight that row. Select File->Import and find the file. Aquifer"™? will notify
you that 51 lines were imported. If necessary, delete the default 1,1 data point.

It is important to note that the data for a recovery test is the same as for a pumping
test. Time is relative to the start of pumping and drawdown is relative to the original
static water level before pumping began. You do not have to delete the data from the
pumping test because the recovery analysis will automatically ignore it.

Now that we have the time and drawdown data, we will enter the remaining test data.
Select Edit->Aquifer Test to enter the pumping rate and distance to observation
well. Click on the Pumping tab on this property sheet and enter the following
information:

Pumping Well Name P1
Pumping rate 0.547 m*/min.
Pumping well screen length 7 m

Monitoring Well Name H30
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Radial Distance 30 m

Screen length 7 m

The property sheet should resemble the one below. Click OK when you are done.
Aquifer Test Information E|
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Screen Top Depth a E

0k, | Cancel | Apply | Help |

Traditional Analysis

At this point, click the Edit->Solution menu to activate the Solution Information
property sheet. Select “Theis, 1946 (Recovery)” in the solution combobox. Click
the Parameters tab and enter “830” into the Time Recovery Starts edit field. Make
sure the units are in minutes by right clicking in the edit field and selecting Units
from the context menu; make sure the Time Units are minutes. (NOTE: Forgetting
to enter the Time Recovery Starts correctly is the most common mistake made
using this analysis; it is used to properly convert the data for the analysis.)
Accept the property sheet by clicking the OK button. The resulting graph is shown
below. The data points prior to recovery are not displayed and a linear regression
has been performed to calculate a transmissivity of .31 m*/min.
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In a recovery test, as with other tests, the late data is usually assumed to be more
representative. In this case, the late data is on the left of the graph because it has
been scaled during the analysis. Click the Edit->Aquifer Test menu and click on
the Well Data tab. Change the weight on lines 35 through 39 to 100 which will
remove them from consideration for the purposes of linear regression. Also, change
the symbol to a triangle for the same data points to visually indicate which points are
being ignored. Accept the property sheet by clicking the OK button. Now click the
Calc->Optimize menu to recalculate an answer.
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Variable Pumping Analysis

The linear regression Theis recovery analysis is the traditional method for analyzing
recovery data; however, Aquifer" ™ offers another alternative. Since Aquifer" ™*
supports variable pumping rates, we can analyze the pumping and recovery data
simultaneously. To set up for this analysis we can define and use wells on the site
map or continue using a simple solutions without wells defined.

Without Using Wells

Click the Match Data view tab followed by the Edit->Solution menu. Set the
analysis to “Theis, 1935 (Confined)”. Click the Advanced button to activate the
Advanced Solution Information dialog box and click the Calculate Initial Estimates
check-box to unset it. Accept the property sheet by clicking the OK button. Next,
click the Edit->Aquifer Test menu to activate the Aquifer Test Information property
sheet. Click the Pumping tab and set the Variable Pumping Rate checkbox. Click
the Rates tab that was added to the property sheet and right click the mouse on the
spreadsheet and click the Insert menu. Click the mouse in the first row of the
Pumping Rate column and enter the value .547. Hit the Return key to add another
line to the spreadsheet and enter 830. Hitting the Return or Tab keys would
advance to the Pumping Rate column but 0 is the value we want so click the OK
button.

Since data points had been modified with respect to weight and symbol, we need to
set them back. Click the Edit->Aquifer Test menu and click on the Well Data tab.
Change the weight on lines 35 through 39 back to 1 and change the symbol back to
an X. Accept the property sheet by clicking the OK button. Finally, click the Cale-
>Optimize menu to optimize the solution. Click the Predicted view tab to review
the results presented below. If the curve extends beyond the limits of the graph,
click the View->Clip Data menu.
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Using Wells

To set up for this analysis we must add wells to the site map to set up for a multiple
well analysis. Click the Site Map tab on the view to activate the map. Click the
Add->Well menu and left click the mouse somewhere on the map. The Well
Information property sheet will be displayed. Enter the values as below.

Well Information f'5_<|

Phyzical l DiSFI'EI_',']

Well Designatar; |PW'

Congtruction Parameters

Cazing Inner Diameter 0.5 E
Diameter of Drilled Haole 0.5 E
Screen Length I E
Screen Top Depth 0 E

Spatial Parameters

s |1000 H v [1000 E

2k, | Cancel | Help |

Repeat the procedure to add the monitoring well and enter the values as below.
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X

Well Information
Phyzical l DiSFI'EI_',']

Well Designator; '/

Congtruction Parameters

Casing Inner Diameter IM—E
Diameter of Drilled Hole IDE—E
Screen Length I?—E
Screen Top Depth ID—E

Spatial Parameters

s |1000 H v [1030 E

2k, | Cancel | Help |

Click the Match Data view tab followed by the Edit->Solution menu. Set the
analysis to “Theis, 1935 (Confined)”. Click the Advanced button to activate the
Advanced Solution Information dialog box and click the Calculate Initial Estimates
check-box to unset it. Click the Parameters tab and unfix Transmissivity if it has
been fixed by clicking on the push-pin check-box adjacent to the field. It may have
been set to fixed by the previous linear regression analysis. Accept the property
sheet by clicking the OK button. Next, click the Edit->Aquifer Test menu to
activate the Aquifer Test Information property sheet. Click the Pumping tab and set
the Pumping Well combobox to “PW”. Click on the Pumping Rates spreadsheet and
enter the pumping schedule. To add a line to the spreadsheet, hit the Ins key and
change the Pumping Rate to ““.547” and hit the Tab key to advance to the next line
adding another data point. Enter a Time of “830” and a Pumping Rate of “0”. Click
the Wells tab and click the Add button to move “MW?” from the Available Wells to
the Monitored Wells list box. Click the Well Data tab to enter the time/drawdown
data. Since the time/drawdown data is already in the Match Data tab of the
spreadsheet from the previous analysis, right click the mouse on the spreadsheet and
select the Select All menu item from the context menu. Copy the information using
Ctrl-C from the keyboard or Copy from the context menu. Click the MW tab of the
spreadsheet and paste using Ctrl-V or Paste from the context menu. Accept the
property sheet by clicking the OK button.

Next, click the Edit->Analysis menu to activate the Analysis Information property
sheet. Click the Variable Pumping radio button to use the pumping schedule we
entered previously. Click the Match Data tab, select “MW?” in the Well Designator
combobox, click the Include Well in Match Data check-box and accept the
property sheet using the OK button.

Now that the data has been entered, perform a manual match against the type curve
ignoring the recovery data points to get a good initial estimate for the parameters.

Guide to Using AquiferWin32

Tutorial e 81



Finally, click the Cale->Optimize menu to optimize the solution. Click the
Predicted view tab to review the results presented below.

B Fle Edt View Add Calc Window Help x
== =] 7 2

Time |Drawdown | + e
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1[01 [oo12192 1 b
2 025 |o0024384 1 Q
3|05 |o039a24 ] v
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5 |1 0.070104 i
6 [1.4 |0085344
7[1.9 |0100584 =3
g |233 |0109728 g
9 [za [o118872 5 10
10338 [0128016 £ 7
1]+ [o13mie a
12[5.35 Jo1a24 e
1368 [0164592 B
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1610 [o18z288 . *

0= T \IIIIH| T IIIIIH‘ T \III\II| T I\\IIII| T IIIIIII| T T TTTTTT

17 (131 |0.195072
18(18 0207264

19|27 (0226162 fa
A[F ], mate[«] = A% MstchData 3 SteMap ) Predicted

For Help, press F1 Optimized |T = 0,963009 |5 =0,000611541 Valid

0% 10! 107 10! 10° 107 1ot
Time (min}

82 e Tutorial Guide to Using AquiferWin32



Analyzing Slug Tests

What you will learn:
e analyzing a slug test
o using different slug test analysis techniques
e more about unit conversions

Slug tests seem to be routine in many field investigations because they are simple
and cost-effective to perform. If you are looking for a procedure to perform all slug
tests, this tutorial may be the answer. The first step is to use the File->New menu to

create a new document since the button on the Standard toolbar defaults to an
“AquiferWin32 Analysis” document. Select “AquiferWin32 Slug Test” from the list
box and click the OK button. The default analysis for a slug test is the traditional
linear regression version of Bouwer and Rice.

The next step is to enter the time and displacement data. The particular data set we
will use is taken from Lohman (1979; page 29). The data represent recovery in a
well under confined conditions.

To continue our theme of making life a little easier, the data is stored in the file
dawson.dat. Before importing the data, however, activate the spreadsheet view by
clicking the mouse in the column title part of the spreadsheet. Use the Edit->Units
menu and set the values as below.

Unit Information P§|

Summary | Units |

[dritz of Summary Groups

KN

Timne Unitz | FEC

KN

Lenigth Units | m

KN

Purnping Rate Units |'3U m/zec

L]

Tranzmizsivity Lnits |3':| m/zec

W SavedsDefaultz: W Bpply Globalld [ Conwert Data

k., | Cancel Help
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Accept the property sheet by clicking the OK button. Next, import the data by right
clicking the mouse on the spreadsheet and selecting Import from the context menu.
Locate the file dawson.dat and load in the data. Notice that the import has left the
initial data value 1,1. Click the left mouse button on the line number column
(leftmost column) and hit the Del key to delete the row. Now, click the mouse in the
graph view and, resisting the temptation to use the Cale->Optimize menu, click on
the Edit->Aquifer Test menu. At this point, skip the user fields and click on the
Well tab. It is important to complete the well construction information on this tab
because the analysis requires it. The field book says that: "the well is cased to 24 m
below the top of the aquifer with 6 inch casing and drilled as a 15.2 cm open hole to
a depth of 122 m and the theoretical initial displacement should be .56 m". Puta
meaningful value in the Well Name field like "Well". Now enter the Casing Inner
Diameter which is initially set to “.5” meters. If you are unsure of the units, move
the mouse cursor over the Casing Inner Diameter field and wait. The units "m" will
be displayed as a tool tip and the status bar will display "Casing Inner Diameter (m)".

Lets take a moment to learn about units and unit conversions. In this case, we have a
field that wants meters and we have a value in inches. Let us assume that our
calculator battery died. You now have several options. The obvious first option is to
do the conversion manually and enter the value. A second option is to right click on
the Casing Inner Diameter field, select the Units menu, change the units to inches,
click the OK button and enter 6 into the field. The system doesn't care what units
you use because it internally converts all data before performing calculations. You
can go wild and use whatever units you want on a parameter by parameter basis.
(This is not recommended if you are using Windows 3.x since the tool tip reminder
as to unit values doesn't work!) For our purposes here, click the Cancel button to
cancel the changes.

Click on the Edit->Aquifer Test menu again and feel free to fill in any user fields
on the Test tab before clicking to the Well tab. After entering something meaningful
in the Well Name field, enter “6” in the Casing Inner Diameter field. Right click on
the Casing Inner Diameter field and select Data Conversion from the context
menu. Click on inches in the Length radio buttons of the From tab of the embedded
property sheet to indicate the units of the previously entered value. Click on the To
tab and notice that the units to convert to are not editable and reflect the prevailing
units of the parameter being edited. Now click the Convert button followed by the
OK button. The value of 6 inches has been converted to meters and the field has
been updated with the converted value.

To complete the data entry, type “.1524”, “98” and “24” in the Diameter of Drilled
Hole, Screen Length and Screen Top Depth fields. Finally, enter “.56” into the
Initial Displacement field and accept the property sheet by clicking the OK button.

The next step is to click on the Edit->Solution menu and update any additional
parameters that are required for the analysis. Since this is a linear regression
solution, the Convergence Information on the Solution tab is disabled. Click on the
Well Parameters tab and note the previously entered well construction parameters
are being used and there is one additional parameter. The Gravel Pack Porosity
defaults to “.3” which is fine. In fact, unless the water is recovering within the
screen or open hole interval, this value is not used by the analysis. It is important to
note at this point the custom check-boxes to the right of the fields. The lower check-
box indicates whether the parameter is "linked" to a value entered at another section
of the program. In this case, the first four parameters are linked to the values
previously enter in the Aquifer Test Information property sheet. Should we choose to
do so, we can unlink any or all of the values and enter an override value. This action
will not change the linked value and the linked value can be restored by relinking the
parameter. The upper check-box is not used in a linear regression analysis; however,
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it determines if the parameter is free to vary in a curve match scenario. A linked
value is always fixed so it has to be unlinked to be estimated by the program.

Click on the Hydraulic Parameters tab and change the Aquifer Thickness to “124”.
If we wanted to simulate recovery within the well screen, the Correction Type should
be set to “Recovery within Screen”. Now click on the Additional Results tab and
notice additional parameters are present. The Effective Casing Inner Diameter and
Effective Screen Inner Diameter are calculated values used by the analysis that
differ from the Casing Inner Diameter and Screen Inner Diameter only if recovery
is occurring within the screened interval. There are also three additional calculated
parameters which are specific to this analysis. An attempt has been made to provide
you with all the values you would need should you want to do the calculations on
paper. Accept the property sheet by clicking on the OK button.

Now the time has come to calculate the optimized solution. For this analysis, the
optimized solution is achieved via linear regression. Click in the graph view and

click the button on the Match toolbar or use the Calc->Optimize menu. Notice
that a linear regression has been performed on the data and the Bouwer and Rice
solution has been calculated. What a minute, this is supposed to be a confined
analysis and the value for initial displacement should be .56 not the .453982
calculated by linear regression. Lets ignore for the moment that we know the
solution is confined.

There are two primary ways to determine the initial displacement, HO, and the slope
of the line. The first way is to manually set it. Move the mouse cursor over the
linear regression line near the center of the graph. The cursor will change to the
NSEW cursor (the one with arrows pointing up, down, left and right). Double click
the left mouse button and the Regression Line Information property sheet is
displayed.

Line Information §|

Regrezsion Line l

Line Style

Thickneszs Im
Dash |—j Length 05 E

LColar

Regrezsion Parameters

Intercept |EI.452E=EIE= E Slope | 000373786 E

k. | Cancel | Help |

Actually, this property sheet is the best way to set HO so change Infercept to the
value we know to be cast in stone, “.56” meters. Now if you are a veteran slug tester
or if you read Bouwer and Rice, you know that the slope of the line and the well
construction parameters are the only parameters that are involved in the calculation.
How then do we proceed? Accept the property sheet by clicking the OK button.
You now have a "best fit line" that doesn't hit any of the data points. (There are
actually three lines on your screen; the outermost lines are actually part of the
rectangle that surrounds the line and indicates that the line has been selected. If you
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click the left mouse button outside of this rectangle the selection will disappear.)
Now, move the mouse cursor over the rightmost section of the line. The cursor will
change to an EW (arrow left and arrow right) cursor indicating that you can move it.
Click the left mouse button, hold it down and drag the end of the line around until
you are satisfied that you have generated an acceptable match to the data. Notice
that as you drag the line around, the calculated value of hydraulic conductivity, K,
changes too. If you were to move the entire line, the calculated value of K would not
change because only the slope matters. Incidentally, the same procedure works for
the left portion of the regression line so you never have to use the Regression Line
Information property sheet as you did above; simply move the left portion of the line
to reset the HO (intercept) value. However you slice it, you have full control on the
solution just as you would if you were doing it on paper.

The second approach is for those people who are drawn to the optimize button. How
can we change the "optimized" solution? Right click the mouse on the spreadsheet
and select the Columns menu from the context menu. An Add/Remove list box pair
is displayed showing that there are two additional columns available to you. Move
both the weight and symbol columns from the Available Columns to the Displayed
Columns by clicking the Append button twice and click the OK button. Where are
they? Use the View->Optimize menu to optimize the spreadsheet so that all
columns are visible and only as wide as they need to be. (NOTE: You can also
access these data from the Well Data tab on the Aquifer Test Information
property sheet). Change the weight on data rows 5 through 21 to a number of 100
or greater. For all linear regression analyses, a weight of 100 or greater removes the
point from consideration during the linear regression calculation. You can also
change the symbol displayed for these data by double clicking the mouse on the
current symbol and changing it. This would give a visual indication of which data
were ignored. In this case, HO is calculated to be .516 and not the theoretical value
of .56; however, it is not always possible to know the theoretical HO and the data
may be the only indicator as to its value. The important point is that you have lots of
ways to perform the analysis.

Since manually changing the weights and symbols can be time consuming, you could
drag select lines 5 through 21 and click the Edit->Selection menu. On the Selection
Edit Options property sheet, click on the Weight tab. Click the Set Value radio
button and enter 100 into the adjacent edit field. Now click on the Symbol tab, click
the Set Value radio button, change the Symbol combobox to a triangle and accept the
property sheet. This option is easier for bulk changes to the spreadsheet.

Now lets assume you are convinced that the Bouwer and Rice solution is

appropriate. How would you know? Aquifer"™™? takes a step toward answering that
question with a second Bouwer and Rice solution base on a curve match. Change
the weights all back to 1 and all the symbols back to the same style if you changed
them. You may also want to slide the splitter bar over to hide the Weight and Symbol
columns. You could also remove the columns in an analogous manner to the one
used to add them earlier.

Click on the Edit->Solution menu and select “Black, 1978 (Unconfined Aquifer)” in
the Analysis combobox. If you look through the property sheet, you will notice that
nothing has changed from Bouwer and Rice. Click the Hydraulic Parameters tab
and click on the push pin check-box next to the Hydraulic Conductivity field if it is
currently checked. The previous linear regression analysis may have initialized the
value to fixed. Accept the property sheet by clicking OK and attempt to match the
data to the curve using the arrow keys. Use the Edit->Aquifer Test menu to
activate the Aquifer Test Information property sheet and click on the Well tab.
Change the Initial Displacement to “.56” and try again. Notice that the data is
automatically rescaled to the new value and doesn't match any better. Obviously,
this data doesn't represent an unconfined aquifer response as shown below.
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Another step to try is to click the Edit->Solution menu and go to the Hydraulic
Parameters tab. Unlink and unfix the Initial Displacement value by clicking both of

the check-boxes to the right of the field so it looks like this . Accept the
property sheet by clicking the OK button. Now click Cale->Optimize button and
look at the results. This process will optimize both T and HO but doesn’t result in a
good match. The validity of this step is determined by how confident you are with
the value of HO.

Since the unconfined solution did not give an acceptable match and because we
know the response is confined, we will move on to the confined solution. Click on
the Edit->Solution menu and select “Cooper, Bredehoeft & Papadopulos, 1967
(Confined Aquifer)” for a confined slug test analysis. Click on the Hydraulic
Parameters tab and relink the Initial Displacement by clicking on the lower of the
two check-boxes to the right of the field. Now click on the OK button. The system
will calculate the 10 standard type curves for this analysis. Use the arrow keys to
match the data to the third curve from the left. Hit the Ctrl-T key twice to select that
curve (the currently selected type curve changes color), fine tune your match and
look to the status bar for the answer.

To get an optimized solution, go ahead and select the Cale->Optimize menu. Notice
that now the optimized solution has matched to a curve that is not displayed. Click
on the Edit->Solution menu and click on the Hydraulic Parameters tab and click on
the little push pin check-box to the right of the Alpha field. This will "fix" the
parameter and remove it from optimization. Set the value to .001 and click on the
Apply button to optimize the match. This would essentially optimize the manual
match we did earlier. Click on the little right arrow at the upper right of the property
sheet to advance the tabs and click on the Statistics tab to quantify the "accuracy" of
the curve match. The residual standard deviation is .004379. Now click on the
Exceptions tab, select “Initial Displacement” in the Parameter combobox and click
on the Linked Value check-box followed by the Fixed Value check-box; this tab
provides an alternative way to link/unlink and fix/unfix parameters and also shows
you where range information can be set for each parameter. It is sometimes
necessary to enforce minimum and maximum parameter values to achieve an
optimized match. In this case, they are not necessary so click on the Apply button.
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Notice that the calculated value for Initial Displacement has changed to .547477 and
a look at the Statistics tab reveals a residual standard deviation of .003467.

How do I optimize the solution for Alpha and get the curve on the graph? Go back
to the Hydraulic Parameters tab and click on the push pin check-box next to Alpha
and click on the Apply button. Now click on the Hydraulic Results tab to see the
calculated values or look in the status bar. Go to the Curves tab and decide what
curves you want on the graph. Remove all but one of the values from the Curve
Information list box by selecting them and clicking the Delete button. Select the one
remaining value and click on the Edit button. Change the value to “.000136”,
change the Label Format to “EXPONENTIAL” and change the Precision to “6” and
click the OK button on the property sheet. Click the OK button on property sheet
and there is your optimized answer. If you are not concerned with having the exact
type curve represented on the graph you can skip this last step and use the Predicted
view tab which displays the observed displacement data with the predicted
displacement curve through the data.

The final step in any analysis is to prepare a graph for the report. The first thing to
do is add a legend to the graph indicating what the symbols represent. Click on the
Add->Legend menu and drag a rectangle starting at the lower left hand corner of the
graph. The size does not matter but the starting point is the anchor point for the
legend. After dragging a rectangle, the Legend Wizard will be displayed. Click the
Create custom legend radio button and uncheck the Automatically Adjust and
Locate Legend checkbox. Click the Next button three times to go to the Styles page;
uncheck the Symbol Sublegend checkbox and click the Finish button.

Add a more meaningful title to the graph by right clicking on the graph and selecting
Graph from the context menu. On the Graph tab, change the Title field to be
"Dawsonville Slug Test" and click on the OK button. The resulting graph is
displayed below.

4% AquiferWin32 - [Aqwsl1]

B Fle Edit View Add Calc Window Help -0 %
DeE =] i Ve » « »
Time |Drawdown | Symbol (Weight |+ —
{sec) {m) it
13 [0457 w1 . i
T = Dawsonville Slug Test 0
als  [o34s x| o e
4 |12 [0.208 x| 4 )
5015 (028 x| .
6|18 [0.252 x|
7|21 [0z24 x| 1
8|24 [0.204 x | 06—
9|27 [0187 x| =
1030|0158 x| .
11(33  |0149 x |1 04—
12(36  [0.14 x|
13[39 |03 w1 )
14[42 o112 x| 0.2
16(45 |0108 x| ] —
16l4s_[0033 <t e R
17[51  |o.oeo % 1 Cr T—T—TTTTTT L B o e B 1 B B 1 ) B B R R R
18|54 [oosz w 1 103 102 10! 10? 10! 108
19(57 0075 x |1 r e
A[F ] match Data IDHE A[F]:, match Data " SteMap 3 Predicted /
For Help, press Fi Optimized [T = 0,000601878 |4 = 0,000135727 S = 0,000135727 [0.000136 valid

88 e Tutorial

Guide to Using AquiferWin32



Simulating Aquifer Tests

What you will learn:
e simulating an aquifer test
o plotting simulated drawdown contours

o plotting simulated hydrographs at observation wells

The Professional version of Aquifer" ™ can also be used to simulate pump tests. If

you have an idea of the type of response and hydraulic properties of an aquifer, you
can estimate the aquifer response to a given pumping rate. The response can be
depicted as contour maps at given times and drawdown versus time graphs at any
number of monitoring wells.

First, use the File->New menu and create an “AquiferWin32 Simulation” document.
The only visible object on the Test Simulator view is an arrow. This arrow is the
reference head arrow used to define the uniform flow field from which to subtract
the drawdown predicted by the analysis. To edit the parameters click the Edit-
>Reference Head menu. We are not going to change any of the values because we
are interested in a contour map of drawdown. Given this fact, click the View-
>Reference Head menu to hide the reference head arrow.

As with other tutorials, use the Edit->Units menu to set up the units to be used for
the simulation. Edit the values as below.

Unit Information §|

Summary l Urits ]

[dritz of Summary Groups

Lo

Time Units | i

KN

Length Units | ft

KN

Purnping R ate Units |g|a|.-’min

KN

Tranzmizsivity Units | sq ftid

[ Conyert Data

k. | Cancel Help

Instead of using the Add->Well menu to add wells to the map, click on the Edit-
>Map Items menu to display the Map Item Information property sheet. Set the ltem

v SavedsDefault: v &
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Type to “Well Object” and click the Add button. The Well Information property
sheet is displayed to set the pertinent parameters for the well. Edit the Well
Information property sheet as below.

Well Infarmation §|

Phyzical l DiSD'EI_',']

Well Designatar; |PW'

Congtruction Parameters

Cazing Inner Diameter IDE—E
Diamneter af Drilled Hale IDE—E
Screen Length Imia
Screen Top Depth Iﬁia

Spatial Parameters

w5000 H . [4000 H

] 4 | Cancel | Help |

Accept the property sheet by clicking the OK button and add two additional wells.

IWeII Screen Length [Screen Top Depth X Y
MW1 3 45 5500 | 4000
MW2 3 97 4500 | 4000

Assume that the aquifer thickness is 100 feet, we have screened the pumping well in
the center and one monitoring well at the top and one at the bottom. Accept the Map
Item Information property sheet and the wells will appear on the map. Next, click on
the Edit->Model menu and select “Hantush, 1961 (Confined Partial Penetration)” in
the Analysis combobox. Select “PW” in the Pumping Well combobox and enter
“2880” in the Contour Time field. Click on the Well Parameters tab and set the
Screen Length and Screen Top Depth to be “10” and “45” for both the Pumping Well
and Monitoring Well. Set the Pumping Rate to “25”. Click on the Hydraulic
Parameters tab and set the values as below.
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Model Information rz
wiell Parameters  Hudraulic Parameters l 1k

Hydraulic Parameters

Transmizsivity [T) ||-I 500 H
Storage coefficient 5] |-I &-03 H
Aquifer Thickness |-I 0o H
Kz j0.001 =

2k, | Cancel Apply Help

Click on the OK button to accept the values and click the Calc->Recalculate menu
to calculate the simulation. The resulting contour map represents a projection of the
drawdown expected in monitoring wells screened between 45 and 55 feet in response
to a pumping well similarly screened pumping at 15 gpm for 2 days.

Next we will adjust the contour parameters. Click on the Options->Contour-
>Parameters, click the Levels tab change the Minimum Level to “-8.5” and the
Interval to “.25”. Click on the Labels tab and change Distance between to “2000”.
Click on the Font button and change the point size to “14” and change the Font Style
to “Bold”. Click on the OK button and click on the Yes button in response to the
subsequent message box. Click the View->Full->Screen menu to adjust the map
scale. The resulting window is shown below.
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To generate drawdown versus time data for the two monitoring wells previously
added to the map, click on the Edit->Simulation menu, click on the Wells tab and
click on the Add button twice to move “MW1” and “MW2” from the Available
Wells list box to the Monitored Wells list box. Click on the Well Data tab and notice
that the spreadsheet has three tabs along the bottom. One tab for each monitored
well and the Simulation Times tab. The values contained in the Simulation Times
tab are used for all monitored wells. Click on the OK button to accept the property
sheet and click the Calc->Recalculate menu to calculate the solution. To view the
graphic results, click the View->Well Data menu to add two additional tabs to the
view. Click on both of the new tabs to view the results. Click on the View->Clip
Data menu to clip all data points not contained within the limits of the graph. The
difference between the two graphs is caused by the effects of partial penetration.

Now we want to adjust the graph to display the same axis scales. Although we could
change them individually, an easier way is to click the Edit->Default Well Graph
menu. Click the X-Axis tab and enter “.01” for the Minimum X edit field and click
on the Automatic Minimum check-box to unset it. Click the ¥Y-Axis tab and click
on the Automatic Minimum check-box to unset it. Click the OK button to accept
the property sheet. In order to activate the defaults, click the Edit->Simulation
menu and go to the Wells tab. Click the Remove button twice to remove the wells.
Now add them back to the Monitored Wells list using the Add button. When we
removed them the graph parameters were removed. Adding them, initializes graph
parameters using the Default Well Graph parameters. Click the OK button to accept
the changes. Click the Cale->Recalculate menu and the graphs are as presented
below.
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Water Table Aquifers

What you will learn:
o Using Neuman’s Water Table Analysis Method

This section outlines how to analyze an unconfined aquifer pump test. The particular
data are taken from Lohman (1979; page 38, Table 14). The first step is to create a

new analysis document by clicking on the button on the Standard toolbar. This
toolbar button creates a new “AquiferWin32 Analysis” document whereas the File-
>New menu presents the five potential document types.

Once the document is created, the first step is to set the units to be used in the
simulation. The Edit->Units menu displays a property sheet with two tabs. The
first tab, Summary, contains the four basic parameters and their respective units.
The values represent either the program defaults or the values previously saved as
default. Under normal circumstances, you would set the summary units to most
closely approximate the units of the data collected. Set Time Units, Length Units,
Pumping Rate Units and Transmissivity Units to “min”, “ft”, “gal/min” and “sq
ft/min”. Click the Save As Default check-box and the Apply Globally check-box.
There is no need to click the Convert Data check-box because no data exist yet.
Accept the property sheet by clicking the OK button.

Click on the Edit->Aquifer Test menu. The first tab of the Aquifer Test Information
property sheet contains user-fields. These user-fields can be used to annotate any
graph or map view and are also included in the hard copy report. Click on the
Pumping tab and enter “PW?” as the Well Name in the Pumping Well section and
enter “1080” into the Pumping rate field. Enter “MW” as the Well Name in the
Monitoring Well section and enter “73” in the Radial distance field. The remainder
of the well construction information is not required since this analysis will not
consider partial penetration.

To enter the well response data for the monitoring well, click on the Well Data tab.
This spreadsheet has one tab along the bottom for the match data. Click on the row
number column of the first data row to select it and hit the Del key to delete the data
row. By now you probably have experience entering data into the spreadsheet using
the keyboard so we will import the data from an ASCII file. Click the right mouse
button within the spreadsheet to activate the context menu and select Import to
import the data from the file unconf.dat.

After we accept the Aquifer Test Information property sheet by clicking the OK
button, we are ready to select the analysis to use. Click the left mouse button in the
graph view to activate its menu. Select the Calc->Reset Data Offset menu which is
good practice when changing units without converting the data. Click the Edit-
>Solution menu, click on the Analysis combobox and select “Neuman, 1972
(Unconfined Aquifer)”. Click on the Parameters tab and notice the Radial distance
and Pumping rate have been updated based on our previous entries in the Aquifer
Test Information property sheet. Set the Specific Yield to be two orders of magnitude
higher than the value of Storage coefficient. Right click the mouse on the Specific
Yield data field and select the Sync->Calculated menu Strictly speaking, this step is
not necessary but will generate a better set of type curves. (NOTE: The ratio of
Storage coefficient and Specific Yield dictate the offset between the “Early” and
“Late” portions of the type curves). Click on the Curves tab and set the contents
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of the Curve Information list box to “0.001”, “0.01”, <“0.05”, “0.10” and “1.00”.
Click on the OK button and the screen should appear as below.
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Click on the Cale menu and make sure there is a check mark next to the Match
Early Data menu. Ifit is not, click on the Calc->Match Early Data menu. Move
the data around using the arrow keys to perform a manual match of the early (left
most) data points to the left side of the type curves. Use Edit->Toggle Type Curve
or Ctrl-T to select the appropriate type curve. Look at the status bar and note the
values for T and S which are representative of matching the early data (the initial
confined response). Although matches are subjective, match to a T of approximately
20.3 and an S of approximately .0025 using the .05 type curve. Next, click the Calc-
>Match Late Data menu to match the late data. Notice that the data moves and the
status bar T and S change. This is because both the Early and Late Matches are kept
independently as if they were two separate monitoring wells. Repeat the procedure
for the late (right most) data to determine T and S for the late data (the unconfined
response). This time, match to a T of approximately 23.6 and an S of approximately
0.111 using the .05 type curve. As you toggle between the early and late solutions,
you can see the difference in the value of T.

Now that you have made your two matches as prescribed by the analysis you have
finished the traditional solution. To improve the presentation of the results, you can
click Calc->Recalculate Type Curves to calculate a set of type curves consistent
with the new Storage Coefficient and Specific Yield ratio. By recalculating the type
curves, you will have to reset the selected type curve. This step gives you better type
curves than the traditional ones in the literature because they have been calculated
specifically to your solutions. Use Ctrl-T to toggle the type curve selection back to
the .05 type curve.

If you want to get an optimized solution and eliminate the need for two separate
matches, click Edit->Solution, click the Solution tab and click the Advanced
button and click off the Calculate Initial Estimates check-box. The initial estimates
calculation is not necessary because we performed a manual match. In some cases,
this being one, the initial estimates calculation can cause the solution to become
unstable. Click the OK button to close the property sheet and click the Cale-
>Optimize menu. To see the results of the optimization, click on the Edit-
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>Solution menu and go to the Results tab. If you would like the exact type value of
.0468 instead of .05, click on the Curve tab and change Value from .05 to .0468 and
set Precision to “3”. Since a curve value was changed, the type curves will
automatically be recalculated. Add a legend by clicking the Add->Legend menu,
dragging a rectangle on the screen and clicking the Finish button on the Legend
Wizard. The optimized view is as below.
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Step Test Analysis

What you will learn:
o Using the Eden and Hazel method to determine well performance
o Automatic and manual matching procedures

For this particular test, users are guided through the input and analysis of a data set

taken from Kruseman and De Ridder (1994), page 204. These data are also used in
an example file (clarke4.aqp) which can be used to check the analysis results. The

data was taken from Clarke L. (1977), The analysis and planning of step-drawdown
tests. Q. J1. Eng. Geol, volume 10.

The first step is to set up a new file in which to input the step test data. Selecting the
File->New menu displays the five types of documents or analysis types, including
“AquiferWin32 Flow Model”, “AquiferWin32 Analysis”, “AquiferWin32
Simulation”, “AquiferWin32 SlugTest” and “AquiferWin32” StepTest. Select
“AquiferWin32 StepTest” and click the OK button. This action will bring up the
default Eden and Hazel (Part 1) screen.

The next step is the specification of the units to be used in the input and analysis. It
is recommended that these be specified at this stage, although as you know, the units
can be modified after input. For this example, set Time Units, Length Units,
Pumping Rate Units and Transmissivity Units to “min”, “m”, “cu m/d” and “sq m/d”.
Click the Save As Default check-box and the Apply Globally check-box. There is
no need to click the Convert Data check-box because no data exist yet. Accept the
property sheet by clicking the OK button.

Once the step test has been selected and the units of input chosen, the data input
process can begin. You should be familiar by this stage with the options for
inputting data and be well versed in all of the methods. Since this is a large data file,
it is recommended that the file clarkedd.dat be imported as an ASCII file using the
File->Import menu option. This file contains only the drawdown/time data and
when imported the file should contain 174 lines. It is again important to remove the
initial default value from the first row of the time/drawdown column. Next enter the
pumping rate and time data. This is entered by selecting the Edit->Aquifer Test
menu, clicking the Pumping tab, right click the mouse on the spreadsheet and select
the Insert menu to create a row of data; now, enter the data on the table as shown
below.

Guide to Using AquiferWin32

Tutorial e 97



Aquifer Test Information
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Accept the property sheet by clicking the OK button. Normally, the graph axes will
automatically rescale to match the data; however, if you now look at the graph, the
data may appear to be missing. This is not due to its abduction but to the fact that
the axes will have to be rescaled to allow the display of this data. In this particular
case the maximum on these linear scaled axes should be set such that the maximum
value for x is 24000 and the maximum value for y is 30. Click in the graph view and
activate the Edit->Graph menu. Click the X-Axis tab and enter “24000” in the
Maximum X field and click the Automatic Maximum check-box to unset it. Click
the Y-Axis tab and enter “30” in the Maximum Y field and click the Automatic
Maximum check-box to unset it. When new data sets are to be analyzed the
drawdown or y-axis can be scaled according to the maximum value of drawdown
encountered. In the case of the x-axis it is suggested that the initial scale be set to a
high value to display the whole data set and that it is scaled down to increase
resolution of the data at an appropriate lower value of H as desired.

At this point it is worth mentioning data weighting. Some of the early data in the
data sets will not be very useful in the analysis. If it is desired that some of this data
be excluded from the analysis, go to the Edit->Aquifer Test menu, Well Data tab
which can be used to change the weighting of some data points. If the weight on a
point is set to 100 or greater, it is then after excluded from the analysis. A change in
the symbol type can be used in conjunction with this function to allow the user to
distinguish excluded data on the graph. The resulting graph is shown below.
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Now that these initial data have been entered the test is ready to run. However it is
worth noting that there are a number of extra inputs which are specified in the
property sheet. The Edit->Site, Edit->Aquifer Test and Edit->Analysis menus
activate property sheets that can be used for the input of details which can be later
displayed in the form of title boxes, headers, footers, parameter boxes etc. The
details can be entered into the defined boxes or one of the “User Fields” in the User
tab of each property sheet. User fields are customizable parameter fields which
allow input of a wide range of preferred data or text items. Click on the Edit->Site
menu to bring up the Site Information property sheet. If you click on the User tab,
you will see that each field has a default name. This default name can be changed
easily by following the following instructions. Right click the mouse on the title for
User Field 1 to activate the context menu and select the Edit menu. Enter “Date”
into the User Field Title field and click OK to accept the dialog. Repeat the
procedure to set User Field 2 to “Start Time”. If you activate the context menu for

User Field 3 the property sheet would resemble the one below.
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Site Information
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Enter “12/31/98” into the newly identified Date field. If you also activate the Save
as Default menu for any of the fields, the system registry will be updated and future
AquiferV™” sessions will use the value.

In addition to customizing the property sheets, this information can then be accessed
in the parameter objects to enhance graphical output. Accept the property sheet by
clicking the OK button. Click the Add->Parameter menu and click the left mouse
button within the graph. Drilling down into the tree list you will see the newly
created fields as below.
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There are several ways to analyze the data and obtain a solution. These are briefly
described in turn below. The Step toolbar below shows the buttons to be used for the
step analyses. The buttons from left to right are: a combobox for choosing the active
step which is used in conjunction with both the manual match and the single
regression analysis; the button for performing single linear regression based on the
active step; the multiple regression button; and the optimization button. There are
analogous menus on the Cale menu.

Stepl1 ~| & #

The Calc->Linear Regression—>Single Step menu or toolbar button calculates
a linear regression line based on the active step. In this case, the data for the first
step or pumping period is used. Since this analysis requires that the slope of all
regression lines for all steps be equal, the remaining steps are calculated by
specifying the slope and then finding the intercept of the best fit line. The step is
chosen either by using the toolbar combobox shown above, or using the Edit-
>Toggle Step menu or Ctrl+D accelerator key. Analysis Step 2 is required to
complete the analysis.

The Calc->Linear Regression->Multiple Step menu or toolbar button
performs a linear regression on all steps combined to find the best slope across all
steps and the individual intercepts for each step. Analysis Step 2 is required to
complete the analysis.

The Cale->Optimize menu or toolbar button performs the Marquardt (modified
Gauss-Newton) nonlinear least-squares technique to calculate an optimized solution.
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Analysis Step 2 is not required to complete the analysis. Furthermore, parameters
can be fixed and/or constrained during the optimization process. This is described in
more detail in previous sections.

In this instance, change the active step to Step 6 and will use the Calc->Linear
Regression->Single Step menu to calculate a resulting in a Transmissivity of 217 sq
m/d. The resulting graph is shown below.
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To complete the analysis, click on the Step 2 tab of the graph view. Once again, the
data points, which were calculated based on the results of Step 1, may not be visible
if autoscalling has been deactivated. Regardless, click the Edit->Graph menu, click
the X-Axis tab and change the Maximum X to “6000” and click the Automatic
Maximum check-box to unset it. Click the Y-Axis tab and change the Maximum Y to
“.001” and click the Automatic Maximum check-box to unset it. Also, change the
Precision to “4”. Finally, click the Graph tab and change the X-Origin to “1.1” so
the axis label is not clipped.

To complete Step 2, click the Cale->Linear Regression->Single Step menu or
toolbar button. The result of this step is to calculate the Coefficient of Turbulent
Head Loss as 1.31607e-007 sq d/m’. The units of Coefficient of Turbulent Head
Loss may be different and can by clicking the Edit->Solution menu, clicking the
Parameters tab, right click the mouse on the edit field, select the Units menu, set the
values appropriately, click the Convert Data check box and click the OK button.
Whether you use the Calc->Linear Regression->Single Step or the Calc->Linear
Regression->Multiple Step in Step 1, Step 2 remains the same. If you had used the
Calc->Optimize menu, Step 2 would be done automatically. The resulting graph is
shown below.
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Changes to the solution can be made using manual methods; the lines can be moved
in two ways. First the lines can be adjusted as with other linear regression analyses
discussed previously. For analysis Step 1, set the active step using the Step toolbar
combobox to activate the appropriate regression line. To change the intercept of a
line, move the mouse over the line until you get a NSEW (arrows pointing up, down,
left and right) cursor, click with the left mouse button and drag the line to a new
position. To change the slope of the line, move the mouse cursor over either end of
the line until you get the EW (arrows pointing left and right) cursor, click the left
mouse button and drag the endpoint to a new position. In analysis Step 1, all
regression lines will be updated based on the new slope.

Now, click the Cale->Optimize menu to calculate the optimized solution. The
values for T and C are 219 sq m/d and 1.34311e-007 sq d/m’ respectively. Click the
Edit->Solution menu and the Results tab to display the property sheet below.

Guide to Using AquiferWin32

Tutorial ¢ 103




Solution Information E|

Su:uluti-:un] Parameters  Results l E:-:u:eptiu:-ns] Statisticsl Data ]

Huydraulic Farameters

Transmissivity [T] |218.827 H B=
15 |0.0056741 B B=
Turbulent Head Loss [c] |1.343112-007 B F=
Drawdown when G =0 |0 H =

Calculated Parameters

1.56672e-005

[[v1]

b I0.000835403

k. | Cancel | Help

An alternative view of the “goodness of fit” is contained in the Predicted view tab.
The graph, shown below, was adjusted from the default by changing the axes to
linear, changing the labels, etc. It is a useful interpretive aid and allows you to
establish the accuracy of the fit of the results by comparing observed and predicted
drawdown versus time.
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Another graph presented in the Yield/Drawdown tab predicts the drawdown created
by pumping at a given rate and over a specified time. The time is currently taken to
be the average of the time of each step, equal to 180 minutes in this example. The
drawdown line (shown in black on the graph) of the yield/drawdown curve shows the
total drawdown/yield relationship for the given time, while the second line shows the
effect of aquifer loss (shown in red on the graph) giving the hypothetical relationship
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for a 100% efficient borehole. The curve is useful in evaluating the extent of
turbulent losses. The enhanced graph is shown below.
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Analytical Flow Model

What you will learn:
e performing an analytical flow model
o plotting simulated drawdown contours
o plotting simulated hydrographs at wells
e setting up a transient simulation with variable pumping rates
e automatically calibrating the model to observed target heads

e adding a legend to the contour map with a color flood bar

The Modeling version of Aquifer”™? can also be used to perform analytical flow

models or analyze multiple pumping well aquifer tests. The analytical elements
supported by a specific model are specified in the model specific documentation and
help file. In general, all models support wells and targets which is what we will use
in this tutorial. Additionally, some models support steady-state calculations, some
support transient calculations and some support both.

First, use the File->New menu and create an “AquiferWin32 Flow Model”
document. The only visible object on the view is an arrow. This arrow is the
reference head arrow used to define the uniform flow field from which to subtract
the drawdown predicted by the analysis. The first thing to do is set up the units by
clicking the mouse within the map and then using the Edit->Units menu. Select
“min” for Time Units, “ft” for Length Units, “gal/min” for Pumping Rate Units and
“sq ft/d” for Transmissivity Units. Click the Save As Defaults and Apply Globally
check-boxes and accept the property sheet by clicking the OK button. It is important
to save your selections as the defaults because these values are used whenever new
items are created within the document.

Next, we need to define the map window within which you are going to work. In
this case, click the mouse within the map window and use the File->Map menu to
import the file example.map. This file represents a large site; however we are going
to focus our attention on a subset of this map. Click the Options->Map->Window
menu and drag a rectangle on the map. On the Map Window dialog that is displayed,
enter “40000” for Origin X, “4200” for Origin Y, “2000” for Height and “3000” for
Width. Accept the dialog by clicking the OK button. When asked to adjust the
contour window to the new map windows, select the YES button.

Now, we need to define the initial heads for the model. To edit the parameters click

the Edit->Reference Head menu. Set the value of Head to be “200”, Gradient to be
“.0017, Angle to be “135”, X to be “37351” and Y to be “8280”. This reference head
location is not located on the map window we are using but it serves to calculate the

correct initial head distribution for this simulation.

Instead of using the Add->Well menu to add wells to the map, click on the Edit-
>Analytic Elements menu to display the AnalyticElement Information property
sheet. Set the Item Type to “Well Object” and click the Add button. The Well
Information property sheet is displayed to set the pertinent parameters for the well.
On the Well Information property sheet set Well to “PW1”, X to “41250”, Y to
“5100” and click the Transient Pumping Rate radio button. Click the Display tab
and click the Display Label check-box. Now click the Transient tab and import the
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file pwigpm.dat to set the pumping schedule for this well. Accept the property sheet
by clicking the OK button. Repeat the procedure to enter PW2 with an x-coordinate
0f 40750, a y-coordinate of 5100 and import the pumping schedule in file
pw2gpm.dat. Accept the Analytic Element Information property sheet by clicking
the OK button.

Now that we have set up two wells with variable pumping rates, click the Edit-
>Flow Model menu and set the solution to “Theis, 1935 (Confined)”. Click the
Parameters tab and set Transmissivity to “600”, the Storage Coefficient to “.005”,
the Aquifer Thickness to “100” and the Porosity to “.3”. The aquifer thickness and
porosity parameters are used during particle tracking but not during calculation of
hydraulic head. Accept the property sheet by clicking the OK button and the view
should appear as below.
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Notice that the view tabs have changed to Step 1, Step 2... This reflects that fact
that this solution does not support direct calculation of steady state conditions and
the calculation was automatically changed to transient. Click the Options-
>Transient menu to set up the time steps for the simulation. Click the Time Steps
tab and fill it out as below.
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Transient Model Information

Parameters  Time Steps l

Time Step Parameters

Mumber of Time Stepz b E
Initial Time Y alue 120 E
Initial Tirne Step Size 120 H
Time Step Multiplier 3 E
b amimum Time Step Size 1200 E

2k, | Cancel Apply Help

Accept the property sheet and you will be asked if you would like to recalculate the
model. Click Yes to proceed with the recalculation. Click the Options->Contour-
>Parameters menu and set X Nodes to “100”, Y Nodes to “100”. Go to the Levels
tab and set Minimum Level to “203” and Interval to “.5”. Now go to the Labels tab
and click on the Font button. Set the Size to “10” and the Font Style to “Bold”. Also
set the value of Distance between to “500” and the Precision to “1”. Accept the
property sheet by clicking OK. Click the Yes button to recalculate and click the Yes
button to propagate the changes to all time steps.

The model is now calculated generating 5 view tabs representing the 5 time steps
previously defined. The rightmost status bar cell displays the time represented by
the contour map in minutes. The contour map for Step 5 is displayed below.
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The next step is to calibrate the model to observed heads. Click the Add->Target
menu and add a target between the two wells. Set the Target Designator to “MW1”,
X'to “41000”, Y to “5300” and click the Transient Target Head radio button. Next,
click the Transient tab and import the file mw/.dat. Click the Add->Target menu
and add another target between the two wells. Set the Target Designator to “MW2”,
Xto “410007, Y to “5100” and click the Transient Target Head radio button. Next,
click the Transient tab and import the file mw2.dat.

Now that we have set head targets to calibrate the model we can check how well our
initial estimates of parameters match. Click the Edit->Simulation menu, click the
Well Data, using the context menu activated by the right mouse click on the
spreadsheet, use the Select All menu followed by the Delete menu. Now import the
file simtimes.dat to import the times at which we want to calculate predicted heads.
The default values do not really work in this example because we want increased
time resolution in the time periods during which pumping rate changes are occurring.
Go to the Wells tab, click the Add button twice to move MW 1 and MW2 from the
Available Wells list to the Monitored Wells list. Accept the property sheet by
clicking the OK button. No click the Cale->Recalculate menu to recalculate the
model. To view the graphs for the monitored wells, click the View->Well Data
menu. Click the left-pointing arrow in the lower left corner of the map view to slide
the tabs and reveal the MW1 and MW?2 tabs.

Go the MWT1 tab and click the Edit->Graph menu, click the Y-Axis tab and change
the Axis Type radio button to Arithmetic Scale and the Axis Numbers Format to
“FIXED”. Also, change the Y-Axis label to “Hydraulic Head” because our model is
set to calculate hydraulic head instead of drawdown. Repeat the procedure for the
MW?2 tab.

Notice that the observed and predicted heads do not match very well based on the
initial estimates of the parameters. To quantify the match, click on a time step tab
and use the Cale->Target Statistics menu to activate the Target Statistics
Information property sheet. The residual standard deviation is .5. Now we will
perform an optimization to estimate parameter values that best match the target
values. Click the Calc->Recalculate menu followed by the Cale->Optimize Model
menu. Now take a look at the MW1 and MW2 view tabs to see the visual difference
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and click the Calc->Target Statistics menu to quantify the match. In this case, the
standard deviation is .0004 and represents a significantly better calibration.
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After autocalibration, the next logical step is to enhance the graphical output. Click
on the Step 5 view tab to display the hydraulic head contour map for time step 5.
Click the Add->Legend menu and drag a rectangle in the lower right corner of the
map. We are creating a custom legend so click the Create Empty Legend radio
button followed by the Finish button. Double click on the legend just created and
set X1 to “41700”, Y1 to “4275”, X2 to “42900” and Y2 to “5175”. Click the
Contents tab and set Type to “Solid” then change to the Items tab. Set Item Type to
“Legend Object” and click the Add button. Set X7 to “900”, Y1 to “50”, X2 to “950”
and Y2 to “550”. Click the Items tab and set the Automatic Maintenance of Color
Flood Legend check-box. Basically, we are reserving space within the legend to
display a labeled color bar for a color flood. Accept the property sheet by clicking
the OK button. Set the /tem Type to “Title Object” and click the Add button. Set X
to “900”, Y to “600” and Title to “Head (ft)”. Click the Font button and set the Size
to “8”. Accept the dialog and property sheet by clicking the respective OK buttons.
Add another title with an X of “500”, Y of “750”, Title of “LEGEND?”, and set the
font to 12 point bold. Change the /fem Type to “Parameter” and click the Add
button. Set X'to “50”, Y'to “400” and set the list control to “Transmissivity” under
“Model Parameters”. Click the Font button and set the Size to “8” and the Font style
to “Bold”. Accept the Parameter Information property sheet by clicking the OK
button.

Add another parameter and set X to “50”, Y to “300” and set the list control to
“Storage Coefficient” under “Model Parameters”. Click the Units check-box to
unset it. Set the Format to “EXPONENT”. Click the Font button and set the Size to
“8” and the Font style to “Bold”. Accept the Parameter Information property sheet
by clicking the OK button. Add a final parameter and set X to “50”, ¥ to “200” and
set the list control to “Time” under “Contour Parameters”. Click the Font button and
set the Size to “8” and the Font style to “Bold”. Accept the Parameter Information
property sheet by clicking the OK button. Now accept the Legend Information
property sheet by clicking the OK button.

110 e Tutorial

Guide to Using AquiferWin32



Now that a legend is displayed, click the View->Display Color Flood menu and the
resulting contour map is displayed below.
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WinFlow Solver

Getting Started

The WinFlow tutorial introduces you to most of the important features of this
software in a step-by-step example. You will be given very specific instructions to
show how to use WinFlow to solve real-world problems. In a graphical user
environment such as Windows, it is difficult to tell you exactly what to do during
each step, however, because many of the steps involve using the mouse. This
tutorial provides several snap-shots of the WinFlow screen to show you what your
screen should look like. In addition, the final tutorial data files are provided so that
you may skip most of the following steps but still get a feel for how WinFlow works.

The tutorial tells you to select menu items and a short-hand method is used to
indicate what menu items are to be selected. Thus, the menu items are listed in order
of selection and are separated by a "->" symbol. For example, instead of writing the
following text:

Select File from the main menu and then select Open from the pull-down menu.
The following shortened version is adopted in this manual:

Select File->Open

Some instructions for using the mouse should also be explained here, although most
Windows users understand these concepts. The word "click" refers to pressing the
left mouse button once and "double-click" means to press the mouse button twice in
rapid succesion. The word "drag" means to press the left mouse button and move the
mouse to another location on the screen while keeping the button pressed down.
Release the mouse button when the cursor is on the desired location.
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Setting Up the Model

Start the WinFlow program by double-clicking on its icon, . You should see a
simple menu displayed above a blank window. A new model is started by selecting

File->New or by pressing the button on the Standard toolbar below the menu.
Now you can start to design the model. Note that the model view represents two
windows separated by a vertical bar. This is refered to as a split window. The
menus in WinFlow are context sensitive in that each view has different menu items.
Click anywhere within the right view, the map view, to activate its menus.

The first step is to identify the units you wish to use. Click the Edit->Units menu to
activate the Unit Information property sheet and set the values as below:

Unit Information §|

Summary | Units |

[dritz of Summary Groups

Lo

Time Units |'2|

KN

Length Units | ft

KN

Pumping Fate Urits |'3U ft'd

KN

Tranzmizsivity Units | sq ftid

[v SavefzDefaultz: W Apply Globally [ Convert Data

k. | Cancel Help

We are using a consistent set of units as you would have done in WinFlow 1.0;
however, you can use whatever units you wish. We have selected the Save As
Defaults checkbox so that these units are used by default. If these are the units you
always wish to use, you will not have to edit them again because future models will
automatically use them. We have also selected the Apply Globally checkbox so that
all values throughout the entire model are changed. Finally, we have not selected the
Convert Data checkbox because no real data has been entered yet. In the event you
wanted to change the units on an existing model, selecting this checkbox would
automatically convert all the parameters to the new set of units.

The next step in most models is to import a base map that will serve as your
reference point for the model. Two maps have been supplied for use in the tutorial.
You will import the map called PLUME1.MAP. Select File->Map and choose
PLUMEI.MAP in the standard Windows file dialog. Your screen should now look
like the screen shown below.
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Notice the green arrow in the center of the screen, which denotes the location of the
"reference head". The reference head is actually located at the center of the base of
the arrow. The reference head is a point in the aquifer where the head is fixed during
the simulation and cannot change except in transient simulations. This is analogous
to a "constant head" in a numerical model, such as MODFLOW. You must be
careful to locate the reference head as far from the area of interest in your model
(e.g., pumping wells) as you can.

In this example, we want to move the reference head to the upper left portion of the
screen. You should now move the green arrow to coordinates X=167600 and

Y=163180. Place the cursor over the green arrow until you see the Q%ED Ccursor.
Now, hold down the left mouse button and drag the green arrow to the desired
coordinates. The coordinates are displayed in the lower right corner of the status bar
at the bottom of the screen. The coordinates do not have to be exact, since you will
be able to edit them when you release the mouse button.

When you release the mouse button you can double click and will see a property
sheet that lists data corresponding to the reference head. Check the coordinates
listed in the dialog and make sure the coordinates are close to the ones given above.
Next, change the hydraulic head to 200, the hydraulic gradient to 1.0e-03 and the
angle to 135 degrees. Click on the OK button when you are done.

The next step is to make sure that the aquifer properties are set correctly. Select
Edit->Model to activate the Model Information property sheet. The default solution
uses the WinFlow solver and the convergence information parameters are all
disabled; this is because the WinFlow solver does not support auto-calibration. Click
on the Parameters tab and change the values as below:
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[ CE LCE

Leakage Factor ||:|

2k, | Cancel | Apply | Help |

In the steady-state model, WinFlow automatically determines whether an aquifer is
confined or unconfined. The aquifer is unconfined when the head is below the top of
the aquifer and it is confined if the head is above the top of the aquifer. In this
example, the aquifer is unconfined, so you will make the top of the aquifer very high
(e.g., a large distance above the reference head value of 200 ft.). Once you have
made the changes, click the OK button.

You have now set up the most important parts of the WinFlow model! To see the

results, simply select Cale->Recalculate or click the button. You should see a
series of contours that are straight lines, representing the uniform regional hydraulic
gradient. You will also note that the contour interval is not a round number. When a
new model is started, WinFlow simply computes the maximum head difference in
the model and divides this number by ten to get the starting contour interval. You
should change the contouring parameters by selecting Options->Contour-
>Parameters. Click on the Levels tab, change the minimum contour level to 199,
the contour interval to 1.0 ft, and set the color to Black. Click on the Labels tab and
set the color to Black. Click OK when you are done. WinFlow will now ask
whether you would like to recontour the current model. Choose YES and your
screen should look like the one below.
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This is a good time to save your work. Select File->SaveAs and enter the name EX1
in the dialog. Click OK when you are down. WinFlow automatically attaches the
file extension ".wfl" to the file name.

Adding Features

Most models are more complex that the one you just created. Usually, you would
like to analyze the effects of pumping wells or other features. In the next section,
you will add a pumping well to the model and evaluate the capture zone of the well
by adding streamlines. You will also learn how to change the pumping rate of the
well.

You should see a blue oval shape in the center of the base map. This area is labeled
"plume" and represents an area to be captured in a pump-and-treat system. Add a
well at the downgradient edge of the plume by selecting Add->Well or by clicking

the button. Move the cursor to coordinates X=171500 and Y=160500 and click
the left mouse button. The well will be added where the point of the arrow cursor
indicates. Next, a property sheet for the well will be displayed; enter a name of PW1
and a pumping rate of 20,000 ft3/d and click the OK button. Note that the word
"ReCalculate" appears in the status bar. This reminds you that the contours on the
screen may not be representative of your current model. Click the calculate button

to recompute the model.

The contours should show a slight cone of depression around the well you added. To
see if the well captures the plume, you will need to add several streamlines.
Streamlines are used to illustrate groundwater flow directions. Select Add-
>Streamline->Line. You will now drag a line along the 208 ft contour line in the
lower right portion of the screen. After dragging the line, the Line Cluster
Information property sheet is displayed. Change the number of streamlines to 20 and
click the OK button. The streamlines will then be drawn on the contour map. It is
often useful to add arrow-heads to the streamlines to more clearly show the direction
of flow. Select Options->Trace and click on the Display Arrows checkbox. Next,
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click on the Streamline tab and change the distance between arrows to 500 ft and the
arrow size to 100.

Your screen should look like the one shown below.
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Note that the capture zone of the pumping well does not quite cover the entire plume
area. You can increase the amount of pumping from the well by moving the cursor

over the well until you see the cursor. Now, double-click on the well and the
Well Information property sheet appears. Change the pumping rate to 50,000 ft3/d
and recalculate the model. The capture zone should now cover the entire plume.

This is a good time to save the current model. Select File->SaveAs and enter the
name EX2. Click the OK button to save the file.

Now let's examine other aspects of the map. The curved single line on the map (red
in color) represents a river. Thus far, we have ignored the river in our model.
WinFlow can simulate the influence of rivers or drains using linesinks. Linesinks
can be defined using either a head value or a flux value. In a head linesink, WinFlow
computes the flux needed to maintain the head at the specified value at the center of
the linesink. In a flux linesink, you supply WinFlow with the flow rate into or out of
the linesink per unit length (take the total flow and divide by the length of the
linesink). In this example, you will add 9 linesinks to the model along the river to
evaluate the impact on the recovery system.

First, in order to give you a better frame of reference for the linesinks, you will
import a new map file. WinFlow allows only one digitized map to be used at any
one time. When you import a map file into a model that already has a map,
WinFlow deletes the first map and displays the second one. Select File->Map and
choose PLUME2.MAP. Since you have imported a new map, the model coordinates
have been reinitialized so recalculate the model and reset the minimum contour value
and contour interval as before. This new map has a series of "x"s along the river and
numbers between the "x"s. You must add a head linesink between each pair of "x"s
and set the head to the value displayed on the map.
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For example, you will add a head linesink in the upper left corner at a head value of
7]

200 ft. Select Add->Head Linesink or click the button. Drag a line between
the last two "x"s on the left side of the river. A property sheet will be displayed;
enter a head value of 200 ft and click the OK button. Now add the remaining 8
linesinks in intervals of 1 ft between the "x"s. Finally, recompute the model and
your screen should look like the one below.
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You can see that the linesinks have a subtle effect on the flow field. You can also
determine how much groundwater the river is gaining or losing. To find out the flow

rate of a linesink, place the cursor on a linesink (you will see the cursor) and
double-click. The Linesink Information property sheet shows the flow rate on the
Calculated tab. All of the linesinks are removing water from the aquifer except the
one labeled 204. A linesink removes water from the aquifer if the sign on the flow
rate is positive and losing water to the aquifer if the flow rate is negative. Check the
linesink flows with your model.

You should now save the linesink model as EX3.WFL. Select File->SaveAs just as
you did before. You may want to compare the two models (with and without
linesinks) more closely to determine the impact of the river on the aquifer. You
could print the contour maps using File->Print or you could have both models
displayed simultaneously on your screen. You can do this by selecting File->Open
and choosing the file EX2.WFL. By default, WinFlow overlays the two models so
that you can only see one at a time. Select Window->Tile Horizontally and both
models will be displayed at the same time. You can resize the windows and move
the model windows around.

Where to Go from Here

The WinFlow tutorial has introduced you to the basics of creating a model. There
are many other features, however, that have not been covered. You should see both
the Getting Started Using the WinFlow Solver and Concepts chapters for an
overview of some of the remaining features. WinFlow Assumptions covers some
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hints on how to use WinFlow to solve real-world problems and answers common
questions.

WinTran Solver

The WinTran Solver tutorial, described below, introduces you to the most important
features of this software in a step-by-step example. You will be given very specific
instructions illustrating how to use the WinTran Sovler to solve real-world problems.
In a graphical user environment such as Windows, it is difficult to tell you exactly
what to do during each step; however, because many of the steps involve using the
mouse. This demonstration provides several snap-shots of the WinTran screens to
show you what your screen should look like for the steps described.

The exercise below tells you to select menu items and a short-hand method is used to
indicate what menu items are to be selected. The menu items are listed in order of
selection and are separated by a “->“ symbol. For example, instead of writing the
following text:

Select File from the main menu and then select Open from the pulldown menu
the following shortened version is adopted in this manual:
Select File->Open

Some instructions for using the mouse should also be explained here, although most
Windows users understand these concepts. The word “click” refers to pressing the
left mouse button once and “double-click” means to press the left mouse button
twice in rapid succesion. The word “drag” means to press the left mouse button and
move the mouse to another location on the screen while keeping the button pressed
down. Release the mouse button when the cursor is on the desired location.

Setting Up a New WinTran Model

In WinFlow, start a new flow model document clicking the button on the
Standard toolbar or select File->New. In Aquifer" ™, click the File->New menu
and select “AquiferWin32 Flow Model”.

The first step is to identify the units you wish to use. Click inside the map view to
activate its menus. Click the Edit->Units menu to activate the Unit Information
property sheet and set the values as below:
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We are using a consistent set of units as you would have done in WinTran 1.0;
however, you can use whatever units you wish. We have selected the Save As
Defaults checkbox so that these units are used by default. If these are the units you
always wish to use, you will not have to edit them again because future models will
automatically use them. We have also selected the Apply Globally checkbox so that
all values throughout the entire model are changed. Finally, we have not selected the
Convert Data checkbox because no real data has been entered yet. In the event you
wanted to change the units on an existing model, selecting this checkbox would
automatically convert all the parameters to the new set of units.

The first step in most models is to import a base map that will serve as your
reference point for the model. An example of a base map has been supplied. You
will import the map called SITE1.MAP. Select File->Map and choose sitel/.map in
the standard Windows file dialog. Your screen should now look like the screen
shown below. Notice the green arrow in the center of the screen, which denotes the
location of the “reference head”. The reference head is actually located at the center
of the base of the arrow. The reference head is a point in the aquifer where the head
is fixed during the simulation and cannot change. This is analogous to a “constant
head” in a numerical model, such as MODFLOW. You must be careful to locate the
reference head as far from the area of interest in your model (e.g., pumping wells) as
you can.
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In this example, we want to move the reference head to the lower left portion of the
screen (near the word “Reference”). You should now move the green arrow to
coordinates X=75 and Y=65. The X and Y coordinates are displayed on the status
line at the bottom of the main window as you move the cursor. Place the cursor over

the green arrow until you see the % cursor. Now, hold down the left mouse
button and drag the green arrow to the desired coordinates. The coordinates do not
have to be exact, since you will be able to edit them later.

Next, place the cursor over the reference head (green arrow) and double-click the left
mouse button. You will see a dialog that lists data corresponding to the reference
head. Check the coordinates listed in the dialog and make sure the coordinates are
close to the ones given above. Then, change the hydraulic gradient to 1.0e-02 and
the head value to 25. Click on the OK button when you are done.

The next step is to make sure that the aquifer properties are set correctly. Select
Edit->Model menu, change the solution to “WinTran 1.0 Compatible”, click the
Flow tab and set the aquifer properties to the values identified below:
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X
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Help

WinTran automatically determines whether an aquifer is confined or unconfined by
comparing the computed water level to the aquifer top elevation. The aquifer is
unconfined when the head is below the top of the aquifer and it is confined if the
head is above the top of the aquifer. In this example, the aquifer is unconfined, so
you will make the top of the aquifer very high by setting the top elevation to 100 ft
(e.g., a large distance above the reference head value of 25 ft.).

The next step is to edit the transport parameters by selecting Transport tab. Change
the longitudinal dispersivity to 30 ft and the transverse dispersivity to 6 ft as below.
Click the OK button when you are done.

Model Information

Reference Head ] Recharge ] Flo

Tranzport Parameters

Tranzpart l Coaker | 4]

Longitudinal Dizpersivity |t3':|

Transverse Digperzivity |E

Diffusion Cosfficient |2

Half e 0
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()

k. | Cancel

Help
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The default is a steady state flow model so we need to change to a transport model
by clicking the Model->Transport menu. This will give access to the transport
related parameters when adding well. Finally, we will change the time-stepping
parameters for the transport simulation. Select Options->Transient from the menu.
Change the number of time steps to 30, Contour Every to 10, Initial Time Value to 0,
Initial Time Step Size to 1, Time Step Multiplier to 1.2 and the maximum time step
size to 100 days. Click the OK button when you are done.

In order to run the transport model, you need either initial concentrations other than
zero or a source of contamination in the model. Sources of contaminant can be
injection wells, ponds that recharge the aquifer, or linesinks that are injecting water
into the aquifer. In this example, you will add a well at the point on the map labeled
“Source”. Add a well at this location by selecting Add->Well or by clicking the

button. Move the cursor to coordinates X=145 and Y=225 and click the left
mouse button. The well will be added where the point of the arrow cursor indicates.
Next, a dialog box for the well will be displayed; enter a Well Designator of Well,
enter a pumping rate of -1 ft*/d (the negative sign denotes an injection rate). Next,
click the Transport tab and enter a concentration of 100. Now, click the OK button.
Note that the word “ReCalculate” appears in the status bar. It is there to remind you
that the contours on the screen may not be representative of your current model.

You have now set up the initial WinTran model! Click the Model->Steady State
menu to only simulate flow at this point. To see the results, simply select Cale-

>Recalculate or click the button. You should see a series of contours that are
straight lines, representing the uniform regional hydraulic gradient, but there are no
concentration contours. This is because we have not told WinTran to run the
transport model yet; only the flow model was simulated.

Click the Model->Transport model again to run the transport model. Before
running the transport model, change the contouring options for both the flow model
and for the transport model. Select Options->Contour->Parameters the menu,
click the Levels tab, change the Minimum Level to 18.0 ft and the Interval to 0.5 ft.
Click the Labels tab, change the Precision value to 1 Next, click the Transport tab,
set the Min Log Cycle to -2 to use a starting log cycle concentration of 0.01. Set the
value of Per Cycle to 5 to use 5 contours per log cycle. Unlike flow, where head is
computed on a regular contour interval, concentration is contoured using log
intervals. Click the Font button and set the font size to 10. Finally, set the Distance
between to 200, set the Color to Red and click the OK button when you are done.
Click the Yes button on subsequent dialogs to propogate the changes to all time steps
and recontour.

Now select Cale->Recalculate and both the flow and the transport model will run.
You will first see the flow model computed, followed by a progress dialog showing
the percentage complete for the transport simulation. In one of the property sheets
above, we told WinTran to contour the results every 10 time steps. You also
specified a total of 30 time steps for the simulation. You should four view tabs
labeled Step 1 through Step 4. Step 1 represents time of 0 and initial concentration
conditions. In this case, the initial concentrations are 0 so only the flow contours are
displayed. Click the Step 4 tab which represents time step 30 as below.
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During the calculation process, you should also see information displayed on the
status dialog including the mass balance error. This value should be small (0.01
percent in this case). Additionally, the Peclet and Courant Criteria for the transport
simulation are displayed. Generally, the Peclet number should be less than 2 and the
Courant number less than 1. In this case, the Courant number is larger than 1, but
the mass balance is good (less than 10 percent) so we will accept the results. This
information is also available by clicking the Cale->Simulation Summary menu as

below.
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Simulation Summary
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Simulating Remediation
The next step in the tutorial is to add a recovery well to the model. Select Add-

>Well from the menu or click the button on the toolbar. Move the cursor to
coordinates X=620, Y=225 (near the word “Recovery Well”) and click the left
mouse button. Enter RW as the Well Designator , change the Constant Pumping
Rate to 10,000 ft*/d and click the OK button.

You will now save the concentrations computed at the end of the last simulation as
initial concentrations for the remediation scenario. By default, WinTran assumes
that initial concentrations are zero everywhere in the aquifer. You may override this
default by selecting Calc->Restart from the menu. This action saves the current
concentrations as initial conditions for the next run. Try this now.

To see the results, simply select Calc->Recalculate or click the button. This
time, you will see the cone of depression around the recovery well and the
concentration contours stop at the recovery well. Note that the source is still in
place, so a steady-state concentration distribution develops between the source and
recovery well, as shown in the figure below.
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As a final exercise, we will remove the source to observe the clean-up of the plume.

First, place the cursor over the source well until you see the

cursor. Click the

left mouse button to select the well. Now, press the Del key or select Edit->Delete
from the menu to remove the well. Select Calc->Restart to save the previous
concentrations as intial conditions and select Calc->Recalculate to see the results.
Notice that the plume disappears quickly. To get a better picture of the cleanup,
select Cale->Transient, change the Number of Time Steps to 10, Contour Every to
2 and Maximum Time Step Size to 10. Select Cale->Recalculate and your screen

should look like the one shown below.
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We hope that this brief demonstration has shown you what a powerful tool WinTran
can be in simulating the fate and transport of dissolved contaminants in groundwater.
You should now be familiar enough with WinTran to use the model on many of your
projects
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Concepts

Introduction

This chapter covers basic operating features and concepts for Aquifer™ ™2, Itis a
good idea to read this chapter after completing the tutorial to clarify or reinforce the
concepts learned during the tutorial exercises. Many of the sections covered below
are very important to a thorough understanding of how Aquifer™™? works. We
encourage you to read on!

Document Types

Aquifer™'™? creates five types of documents or files. These include Analysis,

Simulation, Slug Test, Step Test and Flow Model. The Analysis document is used
when analyzing pumping test data. A Simulation document is used to simulate an
aquifer test and display contours of head or drawdown over an optional base map.
The Slug Test document is used to analyze slug test data and the Step Test
document is used to analyze variable pumping tests or step tests. The Flow Model
document is used to perform analytical flow models. The Modeling version of
Aquifer"™? can create and edit all five document types. The Professional version
excludes Flow Model documents. The Standard version works with Analysis and
Slug Test documents and the Slug Test version can only work with Slug Test
documents.

To start a new aquifer test, simply click the button on the Standard toolbar or
select the File->New menu. Selecting New from the File menu displays five types
of documents or analysis types, including (1) “AquiferWin32 Flow Model, (2)
“AquiferWin32 Analysis”, (3) “AquiferWin32 Simulation”, (4) “AquiferWin32 Slug
Test” and (5) “AquiferWin32 Step Test” as shown below.

Hew |

quiferWinEE Simulation
Aquiferwind2 SlugT est
Aquiferwfind2 StepT est

Cancel |
_ Heb |

Help
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Clicking the button on the Standard toolbar creates an Analysis document in the
Standard and Professional versions and a Slug Test document if you are only
licensed for the Slug Test version of Aquifer” ™. To create a Flow Model,
Simulation, Slug Test or Step Test document, you must select the File->New

menu.

Entering Time/Drawdown Data

Win32

You can enter the time and drawdown data for an analysis into Aquifer in three

ways:
(1) cut and paste data from a spreadsheet application such as Microsoft Excel,

(2) import data from a comma delimited ASCII file, or

Win32

(3) manually type the data into the Aquifer spreadsheet.

To paste the data into the Aquifer" ™ spreadsheet, simply go into your spreadsheet

(Excel or Lotus, etc.), open the spreadsheet file, drag a selection box around the two
columns of data (time and drawdown), and copy the data to the clipboard. Next,

click on the left side of line 1 in the Aquifer" ™ spreadsheet. Type Ctrl-V or click

the button on the Standard toolbar to paste the data into Aquifer™™?. The
default first point is still in the spreadsheet, however, so go to the last line in the
Aquifer"™? spreadsheet, click on the line to highlight the data, and hit the Del key.

During paste operations, the data is assumed to be in Windows™ text clipboard
format with Tab characters separating data values and a newline character at the end
of each data row. During cut and copy operations this same format is produced.
Additionally, the order of the values in the clipboard corresponds to the order of the
columns displayed on the spreadsheet. Since the number of and order of columns on
the spreadsheet can be adjusted make sure the data matches the spreadsheet into
which it will be pasted.

To import the data from a text file, click on the first line in the spreadsheet to
highlight that row. Select File->Import and find the file using the File Open dialog.
Aquifer”™? will tell you how many lines were imported. As with pasting from the
clipboard, there will be one extra line to be deleted. In this case, however, you will
delete the first line in the Aquifer" ™ spreadsheet. Furthermore, the data values in
the file must be separated by a comma character and each row of data must be
terminated with a newline character. The issue of column order versus data order is
the same as with cut, copy and paste.

You may also enter the data manually. Simply click on the first cell in the
spreadsheet and start typing the data. The first column is for time and the second
column is drawdown. Using the Tab key or the Enter key advances to the next
column. When editing the last column, these keys advance to the first column of the
next row, creating new data values in the next row if you are currently editing the
last row of data.

Analysis Parameters

An analysis parameter is a data value that is either required for or calculated by the
currently selected analysis. Parameters can be numeric values such as
Transmissivity, Radial distance and Pumping rate. They can also be enumerated
(specific values from a predefined list) such as Block Type. Since analysis
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parameters are the central theme to any aquifer analysis application, it is essential to
understand how to set and manipulate them.

A list containing all parameters for those analyses currently supported by
Aquifer"™ would exceed 60 items. Obviously, the user desiring to perform a
simple Theis analysis should be sheltered from the 50+ extraneous parameters in
order to avoid confusion. Further, this application will routinely undergo
enhancement to include additional analyses; in a typical application, this would
exacerbate the problem by adding additional parameters over time. Our solution to
the problem is to encapsulate each analysis into a separate Dynamic Link Library
and use the Solution Information property sheet to dynamically alter the user-
interface based on the selected analysis. In this manner, the user need only deal with
those parameters dictated by any given analysis and the addition of a new analysis
need not change the main application.

The Solution Information property sheet is where most of the parameters are edited.
As previously stated, this property sheet is dynamic in that it presents a list of
available analyses for the particular document type and adjusts the tabs of
information in the property sheet based on the selected analysis type as shown
below.

Solution Information |

Solution  Parameters | Hesultsl E:-:u:eptiu:unsl Statisticsl [rata I

— el Parameters

Badial diztance [r] IBD H Eﬁ
Pumping rate [3] IEI.54? H Ecﬁ

— Hudraulic Parameters

_H
Tranzmizsivity [T] ID-341144 H Ea_,
Storage coefficient IE-BE?ME-DUE H Eﬁ

k. I Cancel | Ll | Help

In addition to other tabs, the Solution Information property sheet presents two groups
of tabs relating to the specific parameters for the analysis. The first group contains
the initial guess for each parameter while the second group contains the calculated
result for each. There can be any number of tabs for each group depending on how
many parameters are involved in the selected analysis. In the case of a “Theis, 1935
(Confined)” analysis, there is one Parameters tab and one Results tab. In this simple
case, the Parameters tab and Results tab are visually identical; however, they have
different functionality.

The parameter fields in the Results tab are all “read-only” such that the values can be
selected and copied to the clipboard but not modified. In some cases, parameters
calculated by the analysis only appear on the Results tab. Such calculated
parameters are provided in case the user would like to verify calculations based on
the appropriate equations.
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Fields on the Parameters tab are, in most cases, editable. The parameter values
represent the initial value to be used during the optimization calculation; these values

===, appears to the right of most parameters. This control contains two separate
check-boxes each of which can constrain adjacent parameter value. Although not
applicable to all parameters, the lower check-box controls whether a parameter is
“linked”. A linked parameter gets its value and units from a value either specified or
calculated in some other property sheet. An example is Radial distance which can
derive its value from one of two different places. In the case of a simple analysis,
one that does not have well objects defined in the Site Map view, the value for
Radial distance is linked to the value entered into the Pumping tab of the Aquifer
Test Information property sheet. In the case of a multiple well analysis the value for
Radial distance is calculated based on the distance between the selected pumping
well and the monitoring well. In either case, you can click on the check-box to
unlink the parameter. After is has been unlinked, the value and/or units can be
changed. If it is subsequently linked, the value and units will revert back to those of
the value to which it is linked. This concept allows you to manipulate the parameters
during an analysis more easily.

The upper check-box controls whether a parameter is “fixed” during optimizations.
Any parameter that is fixed will not be allowed to change during the optimization
calculations. This flexibility is unique to Aquifer™™? and allows optimization on
parameters that are typically held constant. An example would be Aquifer Thickness
in a partially penetrating well analysis. The physical thickness may not always be
representative of its hydraulic impact or may no even be known. You could allow it
to vary within a specified range with Aquifer™™? to get a better match.

Should you desire to constrain a given parameter with respect to its minimum and/or
maximum acceptable values during an optimization, the Exceptions tab is where to
do it. In reality, this step may be required to get the solution to converge. The
Exceptions tab contains a combobox listing all parameters involved in the solution.
Once a specific parameter is selected, you can dictate how the optimization
calculations treat it. As shown below, you can enforce a minimum value and/or a
maximum value. You can also fix, link and specify the initial value as an alternative
to the Parameters tab.

Solution Information |

Sn:nluti-:nnl Parametersl Flesultz: Exceptions | Statisticsl Data I
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—%alue Information
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Another noteworthy tab within the Solution Information property sheet is the Curves
tab as shown below for the “Hantush, 1964 (Leaky Confined Partial Penetration)”
analysis. This tab only appears when the selected analysis allows for multiple type
curves. The Parameter combobox in this case has numerous parameters including;
1/B, Screen Length, Depth to Screen Top, Aquifer Thickness, Kz/Kr, Monitor Depth
to Screen Top, Monitor Screen Length. Using this flexibility, you can generate sets
of type curves to quantify the impact of varying any one of these parameters with the
rest held constant.

Solution Information |

Hydraulic Besults  Curves | E:-:u:eptiu:unsl Statisticsl Data A I *I
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Well Construction Information

1t is very important to
understand that all depths
referenced in well
construction information are
relative to the top of the

aquifer.

Aquifer"™? allows entry of many parameters that apply to one or more analyses. In

order to adopt a paradigm that applies to all available analyses, some conventions
were adopted out of necessity. One of the most important conventions deals with
well construction information.

Generally, an attempt has been made to limit the parameters that are presented to the
user to those pertinent to the currently selected analysis. Well construction
information is the most notable exception.

In Aquifer"™? whether you are performing a simple analysis or you have defined

wells, you must provide the well construction information whether it is pertinent to
the currently selected analysis or not. Well construction parameters such as
Screen Top Depth and Maximum Water Depth are relative to the top of the
aquifer and not the ground surface. In the case of an unconfined aquifer, the
top of the aquifer is the water table.

If you are unsure whether a particular analysis uses any of the well construction
parameters, refer to the Solution Information property sheet or the respective journal
article detailing the analysis. If the parameter appears in the Solution Information
property sheet, it is used and will likely be “linked” to the information entered into
the Well Information property sheet or the Aquifer Test Information property sheet.
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Units

The easy way to deal with units is to
select Edit->Units right after creating
a new document. Choose the units
you will use, click on the Save as
Default check-box, and click OK to
save these units as your defaults.

Aquifer"™ allows the ultimate flexibility when it comes to setting units; however, it

is imperative that one understands the paradigm. Every parameter contained in
Aquifer"™? has units that can be expressed in terms of three generic "units"; these
are length (L), time (T) and volume (V). It is a good idea to use a consistent set of
units for your analysis, but Aquifer"™?* does not require this. You may have
drawdown in meters, time in seconds, transmissivity in gallons per day per square
foot, pumping rates in gallons per minute, etc. You may also set up your default

units that will be used whenever you run the Aquifer™'™? program.

Selecting the Edit->Units menu displays the Unit Information property sheet with
two tabs, as shown below. The first tab is labeled Summary and contains the four
basic parameters and their respective units. The values represent either the program
defaults or the values previously saved as default. Under normal circumstances, you
would set the summary units once and save them as your defaults. If you always use
the same types of units in your analyses, then you never need to change these again.
Click the Save As Default check-box to do this and then click OK.

Unit Information |

I Lnits I
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Win32

The Convert Data check-box is checked when you want Aquifer to convert the
existing data from the current set of units to a new set. The Apply Globally check-
box is used to convert data for all wells in the current document. If this box is not
checked, the data would only be converted or have units set for the currently selected
well.

Cancel Help

The Units tab allows specific parameters to be assigned units. As mentioned above,
every parameter contained in Aquifer™ ™ has units that can be expressed in terms of
three generic "units"; these are length (L), time (T) and volume (V) with the possible
values organized into three sets of radio buttons. When a parameter is selected in the
Parameter combobox, the appropriate radio button sets are activated. Simply select
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Display of units in tooltips
does not work in Windows
3.1. Call Bill Gates to ask
why.

the desired unit from each radio button set. One of the most complicated parameters,
Transmissivity, can be expressed in dimensionless units as V/T/L. If you select
gallons, days and feet for V, T and L the resulting units would be gallons per day per
foot (gal/d/ft). If you select cubic feet, days and feet, the resulting units would be
square feet per day (sq ft/d). (NOTE: If changes are made to both tabs of this
property sheet, the values on the Summary tab take priority). Accept the
property sheet by clicking the OK button.

Unit Information |
Surmany £ Uris |
Parameters: ITransmissivit_l,l j
L mits: 2q ft/d
— Length — Time —Yolume
i~ inches i~ zeconds " cubic inches
&+ fest & minutes & cubic fest
" millimeters " hours ' cubic milimeters
i~ centimeters % days " cubic centimeters
= meters " cubic meters
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C liters
[ Apply Units [T ApplyGlobally [~ Convert Data
k. I Cancel | Help

Aquifer™™? makes it easy to track what units are assigned to each data item in the

program. When viewing a data field on a property sheet, simply place the mouse
cursor over the field and wait a second. A tooltip will be displayed that lists the
current units assigned to that field. The following is an example where the cursor
was over the Transmissivity field of the Solution Information property sheet. The
tooltip reads “sq m/min” which is square meters per minute.
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Apply Help

You can also reset the units applied to any data type using a similar approach. With
the mouse cursor hovering over a data field, click the right mouse button and choose
Units from the context menu. You will see the following property sheet that is

similar to the one shown above.

Unit Information
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Set the units that you want for this data item and check the Convert Data option to
automatically convert from the current units to the new ones. Choose the Apply
Globally option if you have more than one observation well in this data set and you

want to affect them all.

134 ¢ Concepts

Guide to Using AquiferWin32



Aquifer™? also has a couple of ways of accessing a unit conversion calculator.

This calculator does not change the units used in your analysis but can be used to
take data in another set of units and transform it to your set of units. For example,
suppose you want to set an initial guess for transmissivity in the Solution Information
property sheet. This is the same property sheet as shown above with units of sq.
m/min. You have a rough estimate for transmissivity in ft*/day but need to enter it
here in m*/min. You can right-click on the Transmissivity field and select Data
Conversion from the context menu. Another property sheet is displayed as shown
below. You simply enter your T value in ft*/day and choose “feet” for Length,
“days” for Time, and “cubic feet” for Volume and click the Convert button. You
now have a value in m*min. Click OK to enter this value on the property sheet.
This example is shown below.

Data Conversion |
Cotversian |
Parameter: ITransmissivit_l,l j WATAL
Erom: 100 20 ftid To ID-DDE451E 20 mdmin
From |T.;. |
—Length———— ~Time———— —~%olume
" inches i zeconds " cubic inches
' feat = minutes " cubic feet
" millimeters " hours ' cubic milimeters
' gentimeters ' days ' pubic centimeters
' meters " cubic meters
" gallans
€ liters
k. Cancel Help

Note that you cannot change the 7o field here because you are converting a value to
your set of units. You can access a more generic data converter by selecting Cale-
>Data Conversion from the main menu. In this case, you can enter both the 7o and
From units. Using this calculator does not change anything in Aquifer"™; it is

simply provided to help with unit conversions.

A final type of data conversion is related to columns of the spreadsheet view. You
may right click on any column of the spreadsheet and select Column Conversion
from the context menu. Enter the new units for the column of data and check the
Apply Units and Convert Data check-boxes to recalculate the data in the new set of
units. For multiple wells, use the Apply Globally option as well. An example of the
column conversion property sheet is shown below.
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Manual Curve Matching

Aquifer"™” is designed with the philosophy that manual matching of the data to type

curves is preferable to automated matching. When you learn about aquifer test
analysis in seminars and college courses or through studying popular texts on the
subject (see Fetter, 1994, page 220 for example), this is the technique that is taught.
Aquifer™? is different from most other aquifer test analysis software because it
provides a means of displaying multiple type curves and you choose the values of the
type curves. Aquifer" ™ also provides you with the value of the match point you
have selected.

When performing a manual type curve match, you use the arrow keys on the
keyboard (up, down, left, right) to move the data over the type curve(s). As the data
move, the estimates of Transmissivity and Storage are updated on the status bar. If
you have defined a legend on your plot, the parameter values are also updated on the
legend. You may also move the data by clicking the left mouse button over the
arrows on the toolbar. The toolbar large arrows move the data a greater distance
than the small arrows. The arrow keys on the keyboard are equivalent to the large
arrows on the toolbar. You may hold down the shift key when pressing the arrow
keys to simulate the smaller arrows on the toolbar; in this manner, you can make fine
adjustments to the match.

Type Curve Methods

The basic idea is to move the data so that they match as closely as possible to the
type curve that has been selected. In the case of single type curve methods (e.g.,
Theis), obviously there is only one curve. For many others, though, there are an
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infinite number of curves that could be chosen. Aquifer™'™? has a default set of type
curves that closely correspond to those in the original paper that presents the
technique. You may add or subtract from this number or define your own values.

As you move the data over multiple curves, the parameter estimates change based
upon the currently selected curve. The selected curve is drawn in a different color
than the other curves (default is blue). To change the selected curve, you may either
select the curve value from the combobox on the toolbar (immediately to the left of
the calculator button), select Edit->Toggle Type Curve, or press Ctrl-T on the
keyboard. If you move the data over the newly selected curve and press the
calculator button to optimize the solution, Aquifer™™?* will use the selected type
curve data for initial guesses for the new solution.

You change the type curves that are displayed by selecting Edit->Solution and
pressing the Curves tab. An example is shown below for one of the Hantush leaky
solutions:
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In some cases, there is more than one value in the Parameter combobox. In the case
of “Neuman, 1974 (Unconfined Partial Penetration)”, valid values in the Parameter
combobox are “Beta (3)”, “Screen Length”, “Depth to Screen Top”, “Aquifer
Thickness”, “Kz/Kr”, “Monitor Screen Length”, and “Monitor Depth to Screen
Top”. When constructing type curves, the initial guess parameters are used except
for the parameter selected in the Parameter combobox; the specific values for this
value are listed in the Curve Information list box. As you can see, you have great

flexibility when constructing type curves.

Straight-Line Methods

Straight-line methods are different from type curve methods in that the data are not
moved with the cursor keys or the arrows on the toolbar. In this case, you must
move the line or change the slope of the line using the mouse. To move the line up
or down without changing the slope, move the mouse over the center of the line until
the cursor changes to a four-arrow cursor. Now hold the left mouse button down and
drag the line up or down. To change the slope, move the cursor to either end and
wait until the cursor changes to an east-west cursor. Hold the left mouse button
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down and drag the end of the line to change the slope. You can also double-click on
the regression line to enter the slope and intercept directly.

Automated Curve Matching

Aquifer"™? uses the Marquardt (modified Gauss-Newton) nonlinear least-squares

technique to find the best statistical match between the field data and the type curve

you have chosen. Click the button on the Match toolbar or choose Cale-
>Optimize from the menu to implement the automatic match. You will see T
(transmissivity) and S (storage coefficient) displayed on the status bar at the bottom
of the Aquifer"™™? window as each iteration of the match is finished

You may view detailed results of the nonlinear least-squares match by selecting
Edit->Solution from the menu. The first tab, Solution, on the property sheet
displays the type of analysis you have performed. Other tabs include:

Parameters The initial guesses for parameter values

Results Optimized parameters computed by nonlinear least-
squares

Exceptions Unlink or unfix parameters and set enforced minimum
and maximum parameter values

Statistics Match point data and statistical measures

Data Values calculated for each type curve

The Marquardt nonlinear least-squares procedure will estimate any parameter you

will not vary. The most common parameter to fix in the Hantush method, for
example, is the value of r/B, which defines what type curve you are matching. For
example, suppose that you have a type curve on your screen with a /B value of 0.05
and you want to have Aquifer"™? compute the best values of T and S for this given

1/B value. You would enter a value of “0.05” for the /B field on the Solution

g
Information property sheet and make sure the button looks like E“

The automatic procedure will not always converge to a valid solution the first
attempt. You may get an error message stating that the numerical solution has
become unstable. This means that the Marquardt procedure could not come up with
an improved estimate for the pertinent parameters. One problem with the Marquardt
method is that your initial guesses for parameters must be fairly close to the “right”
answer before it will work properly. You may also get a message after the error
dialog that asks if you would like to turn off the option to automatically estimate
initial guesses for parameters. Select Yes if you see this dialog. The default
behavior is to calculate an initial guess for T and S using a straight-line method.
Although this works well for some analyses, it doesn’t work for all of them. This
dialog controls the Calculate Initial Estimates check-box from the Advanced
Solution Information dialog show below. This dialog is accessed from the
Advanced button on the Solution tab of the Solution Information property sheet.
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If you have convergence problems, this dialog is the first place to go. Turn off
Calculate Initial Estimates by clicking on the check-box to remove the check mark.
Now, go back and try a manual match making sure to select the type curve you are
matching to. Also, make sure you have fine-tuned the match after you have selected
the curve. Merely selecting a type curve does not update the initial guess of the type
parameter; this is only done when you perform a manual match.

If optimization fails again, you should increase the value of Lambda by several
orders of magnitude. With higher values of Lambda the solution is more likely to
converge but the precision of convergence is diminished. If you set Lambda to a
value of 1 or 10 and you are still can’t achieve convergence, go to the Solution
Information property sheet and look at the Results tabs. One or more of the
parameters are likely diverging and have become invalid. A likely candidate might
be the parameter represented by the type curves. Go to the Exceptions and start
enforcing minimum and maximum values. The more you constrain the solution, the
more likely it will converge.

Whether you are having convergence problems or not, it is a good idea to perform a
manual match. Take a look at the data points that don’t fit the curve; you have made
a conscious decision that these points are of less importance than the ones that more
closely match the curve. This being the case, set a higher value of weight on these
points so that the optimization procedure can ignore them as well.

Manipulating the information on the Advanced Solution Information dialog, fixing
and/or constraining parameters, changing data weights and initial guesses are the
four areas where you can influence the convergence. Sometimes it takes a good bit
of trial and error to achieve convergence, especially if the data deviates substantially
from theoretical. Also remember that a manual match is just as good or maybe better
because you are using you professional judgement when analyzing the data. The
numerical algorithm can only minimize residuals.

During the course of optimization, you may wish to update the initial estimates of
parameters to correspond to the values recently calculated. This would allow future
optimizations to converge faster. Although you could manually copy/paste the
values between the results and parameters pages, a context menu is available to
perform this task. Find the field in the parameters or results set of pages, right click
the mouse on the data field and select the Sync->Estimated menu to copy the
calculated value into the estimated value to used in subsequent optimizations.
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Manual Parameter Estimation

Some of the aquifer test analysis methods use a family of type curves that can be
dependent on a number of parameters. In these cases, it can be somewhat difficult to
come up with initial estimates that will allow the solution to converge. Also, it is
sometimes desirable to change parameters and see what affect they have on the
predicted well responses to try and determine better initial estimates or assess
sensitivities of specific parameters. In order to enable this functionality, the Apply
button on the Solution Information property sheet acts differently depending on the
view from which it was activated. If the Curve Match view is active, the Apply
button will perform an optimization. If the Predicted view is active, it will simply
recalculate the predicted curve. Additionally, if a parameter is changed with the
Predicted view active that would affect the match point, the new match point is
calculated and the Match view will be updated; this is useful if it is desired to see the
match point for given values of T and/or S without randomly moving the data around
until you get close to the desired values.

The procedure is to activate the Predicted view, click the Edit->Solution menu to
display the Solution Information property sheet, locate the parameter you want to
change in the parameters set of tabs, change the value, use the Sync->Calculated
context menu and click the Apply button. The predicted curve will be recalculated
and displayed visually demonstrating the impact this parameter change has had on
the match. Additionally, the Statistics tab can be used to quantitatively determine
how well the predicted curve matches the observed data.

Multiple Type Curves

Many of the aquifer test analysis methods use a family of type curves. In this case,
your goal is to not only fit the data to a curve but to also choose the best curve.
Aquifer"™? is designed to help in this type of analysis by displaying a family of type
curves for these methods. You may choose how many curves are displayed and may
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use this feature to prepare sets of master type curves for use in analyzing data in the
field.

If you are familiar with other aquifer test software, you will see that Aquifer"'™? has
a slightly different philosophy or focus. Whereas most other aquifer test analysis
packages rely heavily on the automatic matching procedures, Aquifer™™? is
designed to be more like the visual or manual matching techniques advocated by

most hydrogeology text books (See Fetter, 1994 for example) and by ASTM.

You change the type curves that are displayed by selecting Edit->Solution and
pressing the Curves tab. An example is shown below for one of the Hantush leaky
solutions.
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In some cases, there is more than one value in the Parameter combobox. In the case
of “Neuman, 1974 (Unconfined Partial Penetration)”, valid values in the Parameter
combobox are “Beta ($)”, “Screen Length”, “Depth to Screen Top”, “Aquifer
Thickness”, “Kz/Kr”, “Monitor Screen Length”, and “Monitor Depth to Screen
Top”. When constructing type curves, the results parameters are used except for the
parameter selected in the Parameter combobox; the specific values for this value are
listed in the Curve Information list box. As you can see, you have great flexibility

when constructing type curves.

In cases where a number of parameters affect the type curves, optimization of
parameters can invalidate the type curves by changing the value of a parameter that
was used in calculating the type curves. You can identify this condition by looking
at the last pane in the status bar when the type curves are displayed. It will contain a
value of "Valid" or "InValid" indicating if the type curves displayed are valid for the
current set of parameters. If they are not, use the Calc->Recalculate Type Curves
menu to recalculate them.

To directly control the parameter values used in the type curves, you will have to
update the parameter values on the results set of pages in the Solution Information
property sheet. These values are not directly editable but can be changed by using
the Sync->Calculated menu on the edit control context menu. Find the field in the
parameters set of pages as you would to adjust the initial guess for a parameter; enter
the value, right click the mouse on the data field and select the Sync->Calculated
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menu to copy this estimated value to the calculated value which will be used in
subsequent calculations of type curves.
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Data Setup for Multiple Well Analyses

Aquifer™? has advanced features that require additional effort to implement and
understand but provide enhanced capabilities for those who choose to spend the time.
Three high level concepts are contained in Aquifer" ™ which relate to analysis of
multiple wells. In reality, they can be looked at as the three preliminary steps to
analyzing the data from an aquifer test. The three concepts are Site, Aquifer Test
and Analysis; each will be discussed in this section.

Site

The site is nothing more than the collection of wells present at a given field location.
The Site Map view is the graphical view of the site and the Site Information property
sheet, accessed via the Edit->Site menu, is used to view the detail. Wells are added

to the Site Map view using the Add->Well menu or the button on the Analytic
toolbar. The Well Information property sheet is then presented and should be filled
in. The Physical tab contains the well construction information and the Display tab
contains parameters controlling how the well will be displayed on the Site Map
view.
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The Site Information property sheet, accessed via the Edit->Site menu, has three
tabs of information. The Site tab contains predefined user fields that can be used and
the User tab contains nine additional user fields that can be customized to meet your
needs. These user fields are available to Parameter elements which can be used in
headers/footers or to annotate views. The third tab, Wells, is used to edit individual
well objects. The Well Designator combobox contains all wells defined for the site.
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Although the Site Map view can be fully implemented by loading a basemap and
entering all wells, the minimum requirement is to enter the pumping well and all
monitoring wells you wish to analyze. An approach that seems appropriate would be
to load a basemap and add all the wells displaying their designations. This file can
then be saved to serve as a template for future pump tests at the site. When a specific
pump test is performed, reset the size and/or color of the pumping well and wells
monitored during the pump test. The resultant map would likely be incorporated into
your report.

Aquifer Test

Having defined a site, the next step is to define the aquifer test. The idea behind the
aquifer test is to characterize the pump test in terms of the pumping well, pumping
schedule and raw monitoring well responses. These data are compiled in the Aquifer
Test Information property sheet which is accessed via the Edit->Aquifer Test menu.
Like the Site Information property sheet, the Aquifer Test Information property sheet
has two tabs for user fields. In addition, it has three additional tabs to define the
pump test that was performed. Again, this data is designed to be the raw field data
with Aquifer"'"™? serving as the repository for the data.

The first thing to do is define the pumping well and the pumping schedule. As
shown below, the Pumping tab is used for this purpose. The Pumping Well
combobox contains a list of all wells defined in the site. Set the selection to the well
that was pumped during the test. Also, enter the pumping schedule in the Pumping
Rates spreadsheet starting from a Time value of 0. With the exception of Step Tests,
Aquifer™™? does not support variable pumping rates during the analysis phase;
however, you can enter the entire pumping schedule here and decide what rate to use
in the Analysis phase.

144 ¢ Concepts

Guide to Using AquiferWin32



Aquifer Test Information

Test  Pumping |Wells I WellDataI Lzer I

Bumping ‘el
— Pumping R ates
Time Pumping Rate i
{min} {galmin) =
1 |0 1000
2
3
4
]
3]
T +
«| | »
k. I Cancel Help

The Wells tab is used to select which wells were monitored during the pump test.
Move the wells that were monitored from the Available Wells list to the Monitored
Wells list using either the Add button or using drag and drop. Once a well has been
moved to the Monitored Wells list, it is enhanced to include data storage for the
time/drawdown data and other parameters required for analysis. A new tab is added
to the spreadsheet in the Well Data tab to store the time/drawdown data. It is
important to note that the process of removing a well from the Monitored Wells list

will delete all the additional data which cannot be recovered.
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The Well Data tab is where the time/drawdown data is entered. Ignoring the Match
Data tab for the moment, enter the time/drawdown data for each well by clicking on

the appropriate spreadsheet tab. This is intended to

be the raw data from the field

which will be clipped and/or transformed in the Analysis phase. Again, by storing
the raw data, you can use the Aquifer™™? document as a repository for information.
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Analysis

Having defined a site and the aquifer test, the next step is to define and perform the
analysis. The idea behind the analysis is to decide how you want to reduce the pump
test data. The particular data to be analyzed is defined in the Analysis Information
property sheet which is accessed via the Edit->Analysis menu. Like the Site
Information property sheet and the Aquifer Test Information property sheet, the
Analysis Information property sheet has user fields. In addition to the predefined
user fields, the Analysis tab defines what pumping rate to use. You can use a time
average pumping rate, the first pumping rate or a specific pumping rate. Using this
mechanism, the entire pumping schedule has been recorded, as well as, the rate you
choose to use for this particular analysis. Such information is of particular
importance during the peer review process.
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The Match Data tab is now used to set up the time/drawdown data for analysis. As
shown below, you have many options on how to assemble the data for analysis. The
Well Designator combobox contains all wells that were specified as monitored in the
Aquifer Test phase. By default, the Exclude Well radio button is set which means
that the well and its data are not to be analyzed. Set either the Include Well In Match
Data radio button or the Include Well Individually radio button if you intend to
analyze the data for well.
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All wells that have the Include Well In Match Data radio button set are combined
together into one data set, the Match Data. Additionally, you have the option to
check the Adjust Data for Radial Distance check-box. If any one of the wells
included in the match data set have been adjusted for radial distance, all will be. The
adjustment is to divide data points by the square of the radial distance (the distance
between the particular monitoring well and the pumping well). As demonstrated in
the “Using Multiple Observation Wells” tutorial, a traditional approach is to include
all monitored wells into one match data set and adjust for radial distance. You then
match the resultant data against a Theis curve to get a “uniform” Transmissivity and
Storage coefficient for the ensemble of wells. This traditional procedure was limited
the Theis analysis. The tutorial goes on to demonstrate an alternative approach is to
include all wells individually, don’t adjust for radial distance and optimize them as a
group. This yields the same result but is not limited to the Theis analysis. This is a
powerful feature of Aquifer™ ™2

Again, setting the Include Well Individually radio button allows that data for the
particular monitoring well to be analyzed independently or as part of a group
optimize procedure. Furthermore, you can generate a match data set from any of the
monitoring wells and/or include the rest individually. The user interface
mechanisms to deal with them will be discussed later.

Regardless of how a well is included, the raw data that was entered as part of the
Aquifer Test phase, can now be adjusted. The Data Clipping parameters allow you
to filter out bad data and the Data Transformation parameters allow you to correct
for errors in the raw data. It is important to note that the data clipping operation
occurs after data has been transformed.
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Additionally, you can and should set the Symbol Style parameters to differentiate
data from different monitoring wells on the graphs.

User Interface Issues for Multiple Well Analyses

During the analysis of multiple wells, the user-interface has enhanced functionality.
The enhancements occur in both the spreadsheet and the graph view. Each will be
discussed separately along with some additional concepts.

Spreadsheet View

In the simple analysis of data, the spreadsheet view has one tab and data can be
entered directly into that tab. There are four columns of data available including
Time, Drawdown, Weight and Symbol; however, only two are visible by default.
Entering data into these columns is equivalent to entering data into the Match Data
tab of the spreadsheet on the Well Data tab of the Aquifer Test Information property
sheet.

In a multiple well analysis, the spreadsheet functionality is somewhat changed. Now
the data in Match Data tab is calculated and the Time and Drawdown columns of
data should not be edited; however, the Weight and Symbol columns can be edited.
If editing the raw data for the individual wells is desired, click the View->Well Data
menu. In so doing, tabs are added to the spreadsheet for each well. These tabs can
be used to edit the raw data. Once changes have been made to the raw data, click the
Calc->Match Data menu to recalculate the data in the Match Data tab. If you edit
the data using the Well Data tab of the Aquifer Test Information property sheet, this
calculation is done automatically when you accept the property sheet.

In a multiple well analysis in which wells are included individually changes the
Match Data tab of the spreadsheet. As discussed in previous sections, each well has
data associated with it including raw time/drawdown data,
transformed/clipped/weighted data, graph characteristics and analysis parameters. In
order to manipulate the data for a specific well, you must make it active. The active
well is set by toggling among the available wells using either Ctrl-D or the Edit-
>Toggle Data Set menu. If the active well is truly the Match Data well, generated
when at least one well has been set to be included in the match data set using the
Match Data tab of the Analysis Information property sheet, the spreadsheet and
graph view tab is Match Data. On the other hand, if the active well is a well
included individually, the tab is Match Data — “Well Name”. This gives the user a
visual indication as to which well is active.

Another important concept in a multiple well analysis is the data weights and
symbols. We have already discussed that the Time and Drawdown columns of data
are calculated from the raw data. Initially, the weight is initialized to 1 and the
symbol is set based on that defined in the Match Data tab of the Analysis
Information property sheet for the specific well. During the course of analyzing the
data, weights are typically changed for individual data points that are anomalous.
Similarly, symbols are typically changed for individual data points to indicate those
that have been weighted or ignored. If you later want to change the raw data, the
data weights and symbols will be maintained unless you add or delete data points.
Any change in the number of raw data points will result in a re-initialization of both
weights and symbols. The weights will be reset to 1 and the symbols will be reset to
the symbol indicated in the Match Data tab of the Analysis Information property
sheet. If you change the symbol for any well in the Match Data tab of the Analysis
Information property, you will be asked if you want to reset all symbols. This action
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will reset the symbols for all wells in the analysis; however, the data weights will not
be affected.

Graph View

The graph view functionality is changed when multiple wells are analyzed. As in the
spreadsheet view, the Match Data tab’s name is defined by the currently active well.
The active well is set by toggling among the available wells using either Ctrl-D or
the Edit->Toggle Data Set menu. When performing a manual match, the data
points associated with the currently active well are the ones that can be moved and
selecting a type curve affects only the active well. The analysis parameters
associated with the currently active well are the only ones affected by such a manual
match. Finally, the Cale->Optimize and Calc->Reset Data Offset only affect the
active well.

Previously, we mentioned that each well has a unique set of analysis parameters
which can be accessed using the Edit->Solution menu. Ignoring Group
Optimization for the moment, each well is analyzed independently of the rest;
however, they are all presented on the same graph. If you manipulate parameters for
one well, it doesn’t affect the others.

It was previously discussed that the spreadsheet can display a separate tab for the
raw data of each well. When selecting the raw data in the spreadsheet view, the
graph view is transformed to display a graph of drawdown versus time. Like other
graphs, you have full control of the display characteristics of this graph and changes
to this graph do not affect other graphs. The initial characteristics of this graph were
copied from the default well graph which can be set up using the Edit->Default
Well Graph menu. The copy occurs when the well was moved from the Available
Wells list to the Monitored Wells list in the Wells tab of the Aquifer Test Information
property sheet; therefore, subsequent changes to the default well graph do not affect
current wells.

Group Optimization

Group optimization represents the real power of multiple well analysis. Having gone
to the trouble of setting up the data for multiple wells, you can now determine the
best parameter values for the test as a whole. We have discussed that each well has a
unique set of parameters that can be manipulated individually. Group optimization
can be performed on all analysis parameters that are free to vary, not fixed, for all
wells involved in the analysis. What group optimization does is to perform the
Marquardt (modified Gauss-Newton) nonlinear least-squares method using all data
from all wells to find the best parameters. If no parameters have been set to be
optimized as a group, which is the default, the Cale->Optimize Group menu would
be equivalent to toggling among each well and optimizing them individually.

Using the Edit->Group Optimize Parameters menu, as shown below, you can
select which parameters are to be optimized across all wells. Simply move the
parameters from the Available Parameters list to the Optimized Parameters list. In
the specific case below for a Hantush and Jacob, 1955 (Leaky Aquifer) analysis, the
parameter /B is expected to vary among wells so it is not optimized as a group.
After performing the group optimization process, you will get the best uniform value
of Transmissivity and Storage Coefficient for the test. Using traditional methods,
you would have to get individual values for each well and average them in some way
to get an answer; the exception is a Theis response for which you could divide by the
radial distance squared and match to the Theis curve to get the answer.
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Annotations

Aquifer"™? has numerous ways to enhance graph and map views with additional
elements. These elements can be copied and pasted from one graph to another or
from one map to another. Although each type of annotation will be discussed in
subsequent sections, the characteristics common to all of them will be discussed
here. Furthermore, refer to the corresponding Add menu description in the Menus
and Dialogs chapter for details about the specific fields on the property sheets.

Spatial Parameters are common to all annotations. In graph views, the Spatial
Parameters represent inches from the lower left corner of the view while in map
views, the Spatial Parameters represent map units. It is important to remember that
graphs are scaled to fit the views they are contained in so one inch will not
necessarily represent one inch on the screen. If you print graphs with Use Specified
Dimensions set on the Graphs tab of the Page Setup Options property sheet, one
inch will represent one inch on the printed page.

Titles

Using Title elements, you can annotate any graph or map with text items. As shown
below, you can control the Color, Angle, Alignment and Font of the text.
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Title Infarmation

Title ]

X)

Tile |
Dizplay Parameters

Color: Angle:

Alignment;

ek - D
Fant... Anial

Spatial Parameters

w. |345354

B |eFT +

v [T H

o]

Cancel | Help |

Parameters

Parameter elements are similar to Title elements except that the text is referenced
rather than specified. Available references include all User Fields and Analysis
Parameters. The tree control is used to select the reference by drilling down into the
available items and selecting one. You can select any item in the tree that has
exactly one child item. The child item is the text currently associated with the
selected reference. The associated text is not static and references are continuously
resolved. You can control whether to display the Title, Value and/or Units. For
numbers, you can specify the Format and Precision.
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Parameter. Information

Parameter l

Parameter: |

Dizplay Parameters

Calar: Angle: Alignment:
[ R = G
Dizplay: ¥ Title v Walue [

Eort... Arial

Murmernic Parameters

Spatial Parameters

Format; | Frecizion: E

o 34 E - 4 46 E

R e R R

S olution [nformation
+- Aeference

Shaort D escription

Theiz, 1935 [Confined]

+- Long Description

Site [nformation

Test Information

Analyziz Infarmation

Page [nformation

Current whell

S pecific ‘Wells

] 4 | Cancel Help

If the reference becomes invalid the parameter object is not displayed. This can
happen if you reference an Analysis Parameter like /B for Hantush and Jacob, 1955
and subsequently change to Theis, 1935. Invalid parameters are retained and will

reappear when they become valid.

Lines

Using Line elements, you can annotate any graph or map with lines. As shown
below, you can control the Color, Thickness, Dash and Length of the line. There are
nine dash patterns to choose from. The Length parameter controls the frequency

with which the dash pattern is repeated.
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X)

Line Information
Line l
Line Style

LColor |- Giray j Thickness -
Daszh |— ------------- j Length 05 E

Spatial Parameters
Start ¥ 2.24 Start " 5.06

Endi: |4.38 Endy: |232

2k, | Cancel | Help |

Symbols

Using Symbol elements, you can annotate any graph or map with symbols. As shown
below, you can control the Color, Thickness, Symbol and Size of the symbol. There
are ten symbols to choose from. The Thickness parameter controls the thickness of
the lined use when drawing the line segments that make up the symbol.

Symbol Information [5__<|

Symbol l

Symbol Style

Calor: |- Black j Thickneszs: | ¥ point -
Symbal | [] - Size: |10 paint -

Spatial Parameters

x [3es A CE

k. | Cancel | Help |

Frames

Using Frame elements, you can annotate any graph or map with rectangular frames
that can be simple rectangles, contain solid colors, contain hatch patterns, contain
bitmaps or contain metafiles. As shown below, you can control the Color, Thickness,
Dash and Length of the line used to draw the optional border of the frame; refer to
the Lines subsection for more details.
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Frame Information

Frame | Contents |

Line Style

Colar: m ¥ | Thickness: Im
Dash: |— j Lenigth: ITEI
Spatial Parameters

¥l (443 &| yvi: 382 EH
w724 H vz |1.85 E

X

2k, | Cancel Help

Additionally, you can control the contents of the frame element. The Display
Border check-box controls whether the border is displayed. The Type combobox
defines whether the frame is empty or is filled. Depending on the Type, you can
specify the Background Color, Hatch Color and Hatch Pattern. In the case of
Bitmaps and Metafiles, you must specify the file that contains the bitmap or metafile.
Once loaded, the contents of the file is stored within the Aquifer"'™* document and
the File Name field is purely for reference. For Bitmaps, the Scale to Rectangle
check-box controls whether the bitmap is expanded or contracted to fit the rectangle;
if you want the screen image and the printed image to be the same, this check-box

must be checked.

Frame Information

Frame Contents l
Fill Type
Tvpe: * | v Dizplay Border
Background Calar: ||:| White j

Hatch Color/Patterrn: |- Black j H:Hij

File [nfarmation

File Mame: M

X]

k. | Cancel | Help
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Legends

General

Legend elements are essentially enhanced Frame elements. In addition to the
characteristics outlined in the previous subsection on Frames, Legends can contain
additional annotations such as Titles, Parameters, Lines, Symbols, Frames and other
Legends. You can nest legends as deeply as you like keeping in mind that the origin
for each embedded legend, the lower left hand corner, is reset to 0,0. The scale
within a legend is inherited from the parent view. Since the position of all embedded
items within a legend is relative to the lower left corner of the legend, the legend can
be moved and all items contained within it are moved as well.

Items within legends cannot be moved and edited using the standard editing features
of the view. The Items tab on the Legend Information property sheet is the
mechanism by which they are edited. As shown below, a tree control lists all the
items contained within the legend. The items are categorized based on their type and
listed by X and Y Offset. To add an item, set the /tem Type to the appropriate value
and click the Add button. Selecting an item activates the Edit and Delete buttons.
In the case of both Add and Edit, the property sheet for the item is displayed.
Although legend layout can be tedious due to the lack of a graphical interface,
legends provide very powerful annotation capabilities.

Legend Information

Frame] Contentz  [tems l

+1- Parameter Object
-+ Legend Object
¥ Offzatt0.00] ' Offzet1.70)
=1 Title Object
¥ Offzett0.20] ' Dffzet0.72)
¥ Offeett0.20] ' Dffzet0.42)
¥ Offeett0.20] ' Offzet0.12)

L] LL R

Itern Type: |Legend Object

[ Automatic Maintenance of Graph Data Sets

] 4 | Cancel | Help |

The Automatic Maintenance of Graph Data Sets check-box only appears if the
parent view of the legend is a graph. If this check-box is checked, symbols and
labels for each data set in the graph will be automatically displayed within the
legend. If the legend is higher than it is wide, the symbol/label items will be spaced
evenly vertically and centered horizontally within the legend. If the legend is wider
than it is high, the symbol/label items will be spaced evenly horizontally and
centered vertically within the legend. Typically, a legend set up using Automatic
Maintenance of Graph Data Sets does not contain any other elements although it is
likely embedded in another legend element.
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Default Legends

A context menu (accessed via clicking the right mouse button or using the Shift-F10
keys) exists on the Legend Information property sheet to Cut/Copy/Paste individual
legend items; in addition, there is a Save As Default menu item. If you desire to
define a legend to be used as the default when a particular analysis is created, use
this feature save a legend as the default. Control of whether the default legend is
displayed is achieved using the View->Default Legend menu. Default legends are
stored on the computer containing the software. If the document is moved to a
different computer different default legends will be displayed. If you want to save
the default legend with the document on any system, click on the legend to select it,
click the Edit->Copy menu, click the View->Default Legend menu to turn off the
default legend and click the Edit->Paste menu and save the document. Now the
legend is part of the document.

Legend Information

Frame] Contents  [tems l

+- Parameter Object
+- Legend Object

—|- Title Object Edit .
5 Dffzat]. e
W Offzettfd|  “UF Delete
s Offsettfn, =P

Paste

Save As Defaulk

Itern Type: |Leger‘u:| Ohject

L] t t R

| Automatic Maintenance of Graph Data Sets

2k, | Cancel | Help |

Default legends are associated with each supported solution/view combination and
enable the user to set the legend that is displayed when new documents are created.
The default legends are saved as files in the Defaults directory with the file name
being inherited from the file name of the active analysis dynamic link library and the
following extensions:

.prl Predicted View

stl Step Test Step 2 View
.spl Step Test Special View
wel Well View

.mal Curve Match View

.mdl Flow Model Main View

.sml Simulation Main View
stl Analysis Site View
.cnl Concentration Graph View
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el Line Calculation Graph View

As an example, the default legend for the Curve Match View for Theis, 1935 would
be saved as Anal0005.mal.

Wizard

One of the most common support issues has been setting up legends and we have
attempted to make this process much easier. In Version 3, adding a legend is as
simple as clicking the mouse in the view, clicking the Add->Legend menu and
dragging a rectangle. The following wizard is activated to help in setting up the
wizard. If you simply click the finish button, a legend will be created containing the
pertinent parameters and will be located in the lower right corner of the graph or
map.

To make a legend as in previous versions, select the Create empty legend radio
button and click the Finish button; double click on the newly created legend box and
set it up as you see fit.

The legend generated by the wizard was patterned after the example legends created
in the example files shipped with previous versions of the program. The specific
legend created using the following example wizard screens is below.

e LEGEND
Transmissivity ELOVI00398 sq misec
Storage Coefficient  2.03807e-005
Beta (B} 0.1
Specific Yield 196404

« Datta Uzl o Dt keared

The legend has three sections, the Title sublegend, the Parameter sublegend and the
Symbol sublegend. The Title and Symbol sublegends are optional as is the bitmap in
the Title sublegend.

To customize the legend created with the wizard, click the Create custom legend
radio button and the Finish button becomes a Next button to continue the
customization. Two other options are available via check boxes. The Don’t use this
wizard for future editing option overrides the default behavior that, when you
double click the legend to edit it, the wizard will not be used. The Automatically
Adjust and Locate Legend check box controls whether the system will
automatically maintain the location of the legend.
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Legend Wizard

- Analysiz Parameters Ize this wizard ho create a simple legend.
+ Radial Diztance
+ Pumping R ate Available analysis parameters and a general
+ Transmissivity style are selected to create a legend.
o

Storage Coefficient
“What level of azsiztance iz required?

" Create emphy legend

' |lze gpstem default legend

Nasrasbahiy 04019 e

Mmragrl arThind (FTTIELTET]

" Create custom legend

[ 41 el

[ Daon't uze thiz wizard for future editing.

[v Automatically Adjust and Locate Legend

| Finizh | Cancel Help

X]

If you chose to create a custom legend, the next step in the wizard enables you to
choose the items you want added to the legend. The Parameters step presents a list
of parameter items which is dynamic and defined by the active document type,
analysis type and view type. As with Parameters in previous versions, you drill
down into the options and click on the item you want, in this case Transmissivity.
Using the Append, Insert and Remove buttons, you select what you want. You can
also change the default title for an item by selecting it in the right list box and
entering the new title in the Title edit field.
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Parameters [Z|

+- Solution [nformation - Append >
+- Site Information
+- Test Information Insert > EEE [E'] .
) ] S Specific vield
+- Analyziz Information
+- Page Information
=1 Current ‘wiell
+- el Mame —
+- ¥ Coordinate
+- " Coordinate
= Analyziz Parameters
+- Radial Diztance << Remave
+- Pumping Fate
Bl
000100398 zqr
£ [ > . Title: | Transmissivity
< Back | Mewt » | Cancel Help

The Text step of the process controls colors and fonts of the legend title, parameter
titles and parameter values. It also controls the overall format and precision for
parameter values.

Text E|

Legend Title

Fant... Aial Calaor: ] [ ] white L]

Legend Title: lLE GEMD

FParameter Titlez

Fant... Airial Color: |- Black j
- Parameter Values

Fant... Arial Color: |- Black LJ
Format:  |DEFAULT > Precision: |2 E

< Back Cancel Help
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The Styles step defines the layout of the legend including sublegends, border colors
and thicknesses, background colors and title bitmap.

Styles fgl

tdain Legend Style

Border Thickness: |4 point =

Border Calar:

Background Color: ||:| Silver j

[+ Title Sublegend [+ Symbol Sublegend [+ Title Bitmap
Title Sublegend Shyle

Border Caolor: |- Black j Border Thickness: |4 point
Background Color: |- Gray j

Title Bitrmap

File M ame: | Browse. .

¢ Back | Mest » | Cancel | Help |

The Symbols step is only displayed when the Symbol Sublegend checkbox has been
checked in the previous step. You can control the contents of the symbol sublegend.
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Symbols

Symbal SublLeaend Stule

Barder Color:

Background Color: ||:| Silver j

Border Thickness: |4 point =

Symbaol SublLegend Contents

Symhol Description i
1 = Data Used
2 s Diata lgnored *
«[ -

Fant... Arial Color: | I Elack j

< Back | Finizh | Cancel | Help

X]

On Screen Editing of Legends

If you have created a legend using the legend wizard and have selected the
Automatically adjust and locate legend option any changes made on screen will be
automatically undone when the screen refreshes. The on screen editing features are
for older legends, those created as empty legends using the wizard or those that have
selected the Don’t use this wizard for future editing option.

On screen manipulation now drills into legends no matter how deeply they are nested
to allow the typical on screen manipulations to be performed. In addition, a context
menu has been created for legends that allows for Cut/Copy/Paste/Select
All/Delete/Add/Add to Legend operations within the legend.

Of particular note is the Add to Legend menu. When items have been selected in
the main view, they can be added to the legend using this menu. In most cases, you
will want to drag the object into the legend and position it before using this option.
You can, however, attach items to the legend that are not located inside the legend.
When the legend is moved, they maintain their relative position to the legend.

Headers/Footers

Headers and Footers are special cases of Legends that only appear on printed output.
As shown below in the Page Setup Options property sheet, the printed output can
have margins and space can be reserved within the margins for a Header and/or a
Footer. The user specifies the height of the Header and/or Footer in inches and
selects one of the available Header/Footer elements in the adjacent combobox.
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Page Setup Optionsz |

Lapout | Graphsl b apz I Header.-"Fu:u:uterI

— Margins

Left s H gt |95 H
Top II:I E Bottom ID E

— Header/Footer

Header |0 [ESIHeader =]

[E LE

FEooter I-I

|ESIHeader =l

k. I Cancel | Help |

The Header/Footer tab of the Page Setup Options property sheet is very similar to
the Items tab of the Legend Information property sheet and the user should refer to
the Legends subsection of the Annotations section for details on how to layout the
contents of the Header/Footer. The New and Rename buttons are used to create and
rename the available Header/Footer objects. Additionally, a context menu is
available to Cut/Copy/Paste header/footer objects to move them from one document
to another.

Page Setup Options |

|_E|_|,|I:IL,ItI Graphgl Maps Header/Foaoter |

7l Frame Object
- Line Object Fename. .
- Parameter Object
- Title Object

Edit...

Delete

ELLELE

ltem Type | Line Obiject

k. I Cancel | Help |

Although header/footer layout can be tedious due to the lack of a graphical interface,
header/footer objects provide very powerful annotation capabilities for the printed
output. You can produce very diverse results and three examples are shown below
that present the results of the same analysis using the File->Print Preview menu.
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Hantush and Jacob, 1955
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Derivative Analysis

Analysis of pump test data can be greatly improved using a plot know as a derivative
plot. Although rather simple in concept, such a plot can be very instrumental in
accurately reducing the data from a pump test. It is beyond the scope of this manual
to go into the theory of analyzing a derivative plot and the user is referred to texts
like Horne, 1995 and journal articles like Spane & Wurstner, 1993 for the details.
Suffice it to say that the characteristics of curves representing the first-order pressure
derivative versus time can be more distinctive than the traditional type curves. The
difference is the result of the sensitivity of the derivative to small variations in the
pressure change that occurs during a pump test. This sensitivity can be used to
identify wellbore storage effects, boundary effects and the establishment of radial
flow conditions. The following two graphs demonstrate the marked difference of the
derivative plot from the traditional leaky-confined type curves that flatten out with
time.
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The implementation of the derivative analysis within Aquifer™™? was adapted from

two sources. The first-order pressure derivative of the data is performed as per
Spane & Wurstner, 1993 and the algorithm from their DERIV program was adapted.
As indicated in their paper, the differential algorithm is based on the preferred
algorithm listed by Bourdet et al., 1989; the algorithm calculates the first derivative
of the pressure change with respect to the natural logarithm of the change of time.
Two options are available for calculating the data slopes before and after a given
point, LEAST SQUARES and FIXED ENDPOINT. The fixed endpoint uses the
points predeeding and following the point of interest by the specified distance along
the x axis. The least squares regression option uses all the points preceeding and
following the point of interest within the specified distance in the calculation.

Spane & Wurstner, 1993 recommend the fixed end point options for data from
published type curves or data devoid of significant noise. For noisy test data the
least squares option is preferred. In Aquifer” ™ the least squares option is the
default.
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The distance along the x-axis to use in the aforementioned calculations is referred to
as the L-Spacing. The L-Spacing ranges from 0 to .5 in which 0 uses the points
immediately adjacent to the point of interest. Values greater than .2 smooth out
noisy data but can also cause a loss of resolution.

Since Aquifer"™? directly calculates the values for type curves, the presure
derivatives are directly calculated using the equation presented by Horne, 1995.

op ) = In(t, /t_)Ap,,, .\ In(t,, 1, /1) Ap,

olne” In(t,,, /1), /t.,) In(t,,/t)In( /1)
In(z,,, /1,)Ap,,

In(, /6 ) InG,, /1)

Py _
t(al‘)i_(

i+j i+j

In the above equation, the differentiation interval or L-Spacing is used to be
consistent with the derivatives of the data. In the special case where the L-Spacing
has been set to 0 to cause the adjacent data points to be used, the type curves will be
generated using an L-Spacing of .1.

The Calculation Options property sheet used to control the differentiation method
and l-spacing is accessed using the Cale->Options menu and is displayed below.

Calculation Options Ed |

Dptionz I

—Manual Match Optionz

Coarse Adjustment IEI.'I

E
&

Fine Adiustrmert oot

— Prezsure Derivative Options

Differentistion Method ILE-":"ET SOUARES j

L-Spacing IEI.'I E

] I Cancel | Help |

Manual Match Options

Coarse Adjustment The distance in inches to move the data relative to the
type curves when performing a coarse adjustment

Fine Adjustment The distance in inches to move the data relative to the
type curves when performing a fine adjustment

Pressure Derivative Options

Differentiation Method Specifies the calculation method to use when
calculating derivatives
LEAST SQUARES See discussion above

FIXED ENDPOINT See discussion above

L-Spacing Specifies the interval over which data and type curve
derivatives are calculated

Guide to Using AquiferWin32

Concepts o 167



Variable Pumping

Variable Pumping

Aquifer"™? has always provided a mechanism to store the full pumping schedule for
a given pump test when wells have been defined. Now variable pumping schedules
can be directly used in the analysis of the pump test. Although this represents a
major advancement to the functionality of the program, the only user interface
change is the addition of the Variable Pumping Rate radio button on the Analysis tab
of the Analysis Information property sheet shown below.

Analysis Information |

Analysiz | b atch Datal B I

Analyziz Designator I

—Analyziz [nformation

Job Murnber |g7Co4s-2
Date |10/15/97
Analyst Mame IDBH

Additional Info.

— Purmping Infarrmatian

& Calculate Time Average Pumping |1 oo E
" Use First Pumping Rate I'I oo E
i~ Specify Pumping Fate ID E

& Yaniable Pumping Fate

] 4 I Cancel Spply | Help

For simple solutions not involving wells defined in the site map, a very simple
change has been made to support variable pumping rates. By clicking the "Variable
Pumping Rate" checkbox, an additional tab, Rates, is added to the Aquifer Test
Information property sheet. The pumping rates can be added to spreadsheet in the
Rates tab.
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Once activated by either method, variable pumping rates will be taken into account

in both the Marquardt nonlinear least-squares solution and in the calculation of
predicted drawdown. Since traditional curve matching techniques and the type

curves they employ do not take into account variable pumping rates, the type curve
will not reflect changes in pumping rates; however, it is still valid to match the data

from the first stage of pumping to the type curves. The resultant parameters are valid
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and serve as the best method to generating the initial estimates for parameters to be
used during optimization. In the case of a variable pumping rate analysis, the
“goodness of fit” is best viewed in Predicted view tab as shown below.

quiferwin32 - [varpumping]
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For Help, press F1

|Optimized |T = 431.876 |5 = 0.0001 71395 alid 2

3D Perspective View

Contents

The 3D vertical tab contains the 3D perspective view of the hydraulic head or
drawdown values. Contour lines can be optionally displayed as well. All the
normal annotations can be added; however, the annotations are fixed in position in
the view and are not moved/rotated when the 3D perspective is manipulated.
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View Manipulation

Selecting the 3D Manipulation menu from the edit field context menu allows the
manipulation of the 3D view using the mouse and keyboard. Clicking and/or
holding the left mouse button in the view causes the display to rotate in the direction
toward the cursor location. Holding the Shift button while clicking and/or holding
the left mouse button causes the display to move in the direction toward the cursor
location.

Clicking and/or holding the right mouse button causes the display to zoom in and
zoom out. If the cursor is in the upper half of the view, it will zoom out. If the
cursor is in the lower half of the view, it will zoom in. The amount of the zoom is
controlled by how far the cursor is from the vertical center of the view.

The Reset 3D menu is used recenter the 3D perspective view. This is sometimes
required when changes have been made via the Contour Options property sheet or on
screen editing.

Contour Options

Four tabs on the Contour Options property sheet apply to the 3D view and are
described below. The color flood parameters apply to both the contour view and the
3D view.
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Contour, Options
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Cancel | Apply | Help |

3D Mesh

Vertical Scale Factor:

Color Bar:

Display X:

Display Y:

Contour Plane

View Contours:

Color:

Automatic Elevation:

Specified Elevation:

Reset 3D View

A multiplier applied to head/drawdown to increase
the vertical scale relative to the horizontal scale

Controls the presence and location of the default
scale bar

The x-coordinate of the lower left corner (vertical) or
upper right corner (horizontal) of the scale bar

The y-coordinate of the lower left corner (vertical) or
upper right corner (horizontal) of the scale bar

When checked, a contour map is displayed in the 3D
perspective view

Controls the color of the contours which can be either
Black or Flood Colors

Controls the elevation on the vertical axis which
corresponds to the contour plane; when checked the
contour map will automatically be relocated as the
contour data changes

Controls the elevation on the vertical axis which
corresponds to the contour plane; when checked, the
value entered in the adjacent edit field will be used to
locate the contour plane

At times, the perspective drawing can leave the field
of view. Checking this option will relocate it into
view
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Contour, Options

Facal Paint

Position

Wiew p

Windn:nw] Levels] Lal:nels] Transpn:nrt] a0
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Focal Point
Focal X:

Focal Y:

Focal Z:

Position

Position X:

Position Y:

Position Z:

View Up

View X:

View Y:

View Z:

The x-coordinate of the focal point used to display
the 3D perspective drawing

The y-coordinate of the focal point used to display
the 3D perspective drawing

The z-coordinate of the focal point used to display
the 3D perspective drawing

The x-coordinate of the camera position used to
display the 3D perspective drawing

The y-coordinate of the camera position used to
display the 3D perspective drawing

The z-coordinate of the camera position used to
display the 3D perspective drawing

The x-coordinate defining the view up direction for
the camera used to display the 3D perspective
drawing

The y-coordinate defining the view up direction for
the camera used to display the 3D perspective
drawing

The z-coordinate defining the view up direction for
the camera used to display the 3D perspective
drawing
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Contour, Options

&

Labels ] Tranzpart ] o ] Position  Flood Colars l Flome 4 | ¥
[ Automatic  Interval [025 [
HeadDrawdown Flood Color |+
1 |18.25
2 184
3 |18.75
4 |19
A |119.25
b |19.48
7 |19.74 3
«|_|
2k, | Cancel | Apply | Help |
Automatic When checked, the distribution of colors is
automatically determined by the application
Interval: The interval to use when generating flood colors for
values of head/drawdown to be used when the
Generate button is clicked.
Generate

When clicked, a new color distribution will be
generated using the same algorithm as the Automatic
setting; however, these can be edited by the user
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Label Information

Irteral:
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Color: - Black
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Cancel |
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Label Information

First

Number:

Interval:

Specify Interval

Format:

Precision:

Color

Font
Border Line Information

Color:

Thickness:

Sets the head/drawdown value for the first labeled
value in color flood legends

The number of equally spaced labels to use when
labeling the color flood legends

The interval between adjacent labels; used when the
Specify Interval option is activated

When checked, the value for Interval is used when
labeling color flood legends

The numeric format to use when displaying the labels
on color flood legends

The number of digits to the right of the decimal point
to use when displaying the label on color flood
legends

The color to use when displaying labels on color
flood legends

Defines the font, font style and size for the label

The color to use when displaying the border around
the color flood legend

The thickness, in points, of the line used when
displaying the border around the color flood legend
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Model Parameters

A model parameter is a data value that is either required for or calculated by the
currently selected model. Parameters can be numeric values such as Transmissivity,
Storage coefficient and Aquifer Thickness. They can also be enumerated (specific
values from a predefined list) such as Block Type. Since model parameters are the
central theme to any modeling application, it is essential to understand how to set
and manipulate them.

A list containing all parameters for those models supported by WinFlow could be
large. Obviously, the user desiring to perform a simple Theis-based model should be
sheltered from the other extraneous parameters in order to avoid confusion. Further,
this application will routinely undergo enhancement to include additional models; in
a typical application, this would exacerbate the problem by adding additional
parameters over time. Our solution to the problem is to encapsulate each model into
a separate Dynamic Link Library and use the Model Information property sheet to
dynamically alter the user-interface based on the selected model. In this manner, the
user need only deal with those parameters dictated by any given model and the
addition of a new model need not change the main application.

The Model Information property sheet is where most of the parameters are edited.
As previously stated, this property sheet is dynamic in that it presents a list of
available models and adjusts the tabs of information in the property sheet based on
the selected model type as shown below.

Model Information |

Su:uluti-:unl Reference Headl Fecharge Parameters |Fles 1 I ’I

—Hydraulic Parameters

Transrizzivity ||E|E|E|-E'1 3 H Eﬁ

Storage coefficient ID-DDDSEEHE? H Eﬁ
— Particle Tracking Parameters

Aquifer Thicknesz I-I 0o E

Porosity ID-3 H

] I Cancel | Al | Help

In addition to other tabs, the Model Information property sheet presents two groups
of tabs relating to the specific parameters for the selected model solver. The first
group contains the initial estimate for each parameter while the second group
contains the calculated result for each after an auto-calibration. If the model does not
support auto-calibration, the second group will be absent. There can be any number
of tabs for each group depending on how many parameters are involved in the
selected model. In the case of a “Theis, 1935 (Confined)” solution, there is one
Parameters tab and one Results tab. In this simple case, the Parameters tab and
Results tab are visually identical; however, they have different functionality.
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The parameter fields in the Results tab are all “read-only” such that the values can be
selected and copied to the clipboard but not modified. In some cases, parameters
calculated by the model only appear on the Results tab. Such calculated parameters
are provided in case the user would like to verify calculations based on the
appropriate equations.

Fields on the Parameters tab are, in most cases, editable. The parameter values

the right of most parameters in models that support auto-calibration. This control
contains two separate check-boxes each of which can constrain adjacent parameter
value. Although not applicable to all parameters, the lower check-box controls
whether a parameter is “linked”. A linked parameter gets its value and units from a
value either specified or calculated in some other property sheet. Currently, no
linked parameters exist but could in the future. You can click on the check-box to
unlink a parameter. After it has been unlinked, the value and/or units can be
changed. If it is subsequently linked, the value and units will revert back to those of
the value to which it is linked. This concept allows you to manipulate the parameters
during a model more easily.

The upper check-box controls whether a parameter is “fixed” during optimizations.
Any parameter that is fixed will not be allowed to change during the optimization
calculations.

Should you desire to constrain a given parameter with respect to its minimum and/or
maximum acceptable values during an optimization, the Exceptions tab is where to
do it. In reality, this step may be required to get the solution to converge. The
Exceptions tab contains a combobox listing all parameters involved in the solution.
Once a specific parameter is selected, you can dictate how the optimization
calculations treat it. As shown below, you can enforce a minimum value and/or a
maximum value. You can also fix, link and specify the initial value as an alternative
to the Parameters tab.

Model Information |
Hechargel F'arametersl Flesults Exceptions | LI_PI
Parameter IStl:nrage Coefficient j
—Walue Infarmation
jnitial  ]0.0003939957 ™ Fived Yalue
Caleulated |0.000999957 I Lirfedp/elus

— Ranae Informatian

¥ Enforce Minimum |1E-IZIIZIE

¥ Enforce b asimum IEI.1

k. I Cancel | Apply Help
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WinFlow/WinTran Parameters

Flow Parameters
Model Information E|
Fecharge Flow lTranspDrt] Snlver] L

Aquifer Parameters

Aquifer Top ||-I 0o E
Auquifer Bottom |':' E
Poroszity |D-2 E

Hudraulic Farameters

Huydraulic Canduchivity |-I oo

Storage coefficient |EI.EIEI‘I

[F CF CE

Leakage Factar 0

k. | Cancel | | Help |

The flow parameters are accessed using the Edit->Flow Model menu and are
located on the Reference Head tab, the Recharge tab, on the Parameters tab
(WinFlow) or Flow tab (WinTran). These parameters define the physical
characteristics of the aquifer system. These characteristics include:

Hydraulic conductivity,

Aquifer Bottom Elevation,

Aquifer Top Elevation,

Reference Head Value,

Regional hydraulic gradient,

Recharge rate, and

Porosity (used for particle-tracking and transport).

Hydraulic conductivity is assumed to be homogeneous throughout the infinite aquifer
and has units of [L/T], e.g. ft/d. The aquifer top and bottom elevations have units of
length [L], e.g. ft, and are used to compute transmissivity. In addition, the flow model
allows for conversion to unconfined flow. Therefore, if the head falls below the top of
the aquifer the model becomes unconfined.

The reference head defines a point where the head is known. In the steady-state model,
the reference head is always constant and never changes during simulations. All
computations are based upon the reference head, which should be located as far from
wells, ponds, etc. as possible. The reference head is analogous to a constant head in a
numerical model.
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The regional gradient is used to superimpose the regional flow system on your model.
You enter the gradient here or by double-clicking the green arrow on the screen
representing the reference head. The gradient is dimensionless (L/L) and is computed
by dividing the change in water level over a specified distance by that same distance.

Recharge rate is the infiltration rate over the entire model. Recharge is primarily for
regional simulations in which model boundaries are simulated with wells and
linesinks. In this case, the recharge then creates water table divides and mounds
between these regional features. Recharge should not be used for small-scale models
such as those used to simulate remediation systems around gasoline stations and
other similar sites.

Porosity is used to compute the average linear groundwater velocity in WinTran.
The porosity value entered in WinTran is actually the effective porosity and defines
the ratio of connected void space to the volume of aquifer material. The porosity is
used in computing velocity according to the following equation:

_Kdh
n dl

where V is the average linear groundwater velocity (L/T), K is the hydraulic
conductivity (L/T), n is the effective porosity, and dh/dl is the groundwater gradient.

Vv

Transport Parameters
%]
Hecharge] Flow  Transpart l Snlver] i

Transport Parameters

Model Information

Longitudinal Dizpersivity |3':I

Transwverze Dizpersivity |E

Diffusion Coefficient |0

Half ffe 0
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Retardation Coefficient |-I

k. | Cancel Help
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Model Information
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The transport parameters are accessed using the Edit->Flow Model menu and are
located on the Transport tab and the Solver tab. Transport parameters include
dispersivity (longitudinal and transverse), coefficient of molecular diffusion,
recharge concentration, retardation coefficient, and contaminant half-life. In
addition the upstream weighting factors for the X- and Y-direction are specified.

Dispersivity is a scale-dependent parameter which is generally larger as the scale of
the contaminant plume increases. A typical rule of thumb is that the dispersivity is
10 percent of the length of the contaminant plume (National Research Council,
1990). However, values of dispersivity reported in the literature range generally
range from 1 to 100 percent of the problem scale (Gelhar, 1986). There are two
values of dispersivity used in the WinTran transport model, longitudinal and
transverse. Longitudinal dispersivity represents the spreading of the contaminant
plume in the direction of groundwater flow. The transverse component represents
spreading perpendicular to the flow direction. Usually, the longitudinal dispersivity
is 5 to 10 times higher than transverse.

Molecular diffusion occurs when a contaminant spreads in water due to
concentration gradients. That is, dissolved contaminants will spread in water from
areas of high concentration to areas of lower concentration. This process is caused
by random movement of molecules in a fluid. The coefficient of molecular diffusion
(or simply the diffusion coefficient) is expressed in units of LT (e.g., cm?/s) and is
often assumed to equal zero in advective-dominated transport. Only in very slow-
moving groundwater is diffusion important. Bear and Verruijt (1987) estimate the
diffusion coefficient to be approximately 1 x 10° cm*/s in dilute systems.

Parameters are also assigned in the transport model based upon the type of
constituents (chemicals) being simulated. These compound-specific parameters
include the half-life for decaying species and chemical reaction types. Most
transport models, including WinTran, lump chemical reactions into sorption
processes in which a distribution coefficient (ky) controls the relative velocity of the
compound compared to the ground-water velocity. In this case, a retardation
coefficient is computed which retards the velocity of the contaminant relative to the
groundwater velocity.
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Most contaminant transport models require you to enter a decay coefficient, which is
different from the contaminant half-life. The decay coefficient is defined in the
following equation:

k=1n2/t1/2

where A is the decay coefficient, In 2 is the natural log of 2, and t;,, is the half-life of
the contaminant. The half-life is the time required for half of the original mass of
contaminant to decay. WinTran requires you to enter the half-life of the contaminant
and computes the decay coefficient internally.

While the half-life is most often used for radioactive elements, such as uranium, it
can also be used to express the decay of organic compounds through biodecay. The
Handbook of Environmental Degradation Rates (Howard et al., 1991) is a good
reference for contaminant half-life data.

WinTran requires you to enter the retardation coefficient directly rather than the
distribution coefficient (kq). Calculating the retardation coefficient is done by using
the following equation:

R=1+kq(pp/n)

where R [dimensionless] is the retardation coefficient, ky [L*/M] the distribution
coefficient, p, [M/L?] is the bulk density of the aquifer, and n [dimensionless] is the
porosity. Other more complex reactions have been used in numerical models,
however, these have not been commonly applied and are not supported in WinTran.

Recharge concentration is the contaminant concentration in the infiltrating recharge
waters. Note, however, that this creates a source of contamination over the entire
model domain.

The advective-dispersive transport equation is more difficult to solve numerically
than the groundwater flow equation (Javandel et al. 1984). The problems are
particularly severe when advection dominates over dispersion. In this situation, the
finite-element solution, as employed in WinTran, can exhibit oscillations producing
negative concentration values. One method for overcoming these oscillations is to
use an upstream-weighted formulation of the transport equations. The upstream
weighting factors on this dialog are used to implement this upstream weighting
technique. An upstream weighting factor of implements full upstream weighting,
while an upstream weighting factor of zero eliminates upstream weighting.

Time Stepping

Time-stepping parameters control the transient transport simulation. These parameters
include the number of time steps, the initial time value, the length of the first time step,
the maximum time step size, and the time step multiplier. WinTran starts the simulation
at the initial time value using the initial time step size. Subsequent time steps are
multiplied by the time-step multiplier to obtain the new time step size. This
multiplication continues until the maximum time step size is reached or the end of the
simulation occurs. Normally, you need to start with small time steps and gradually
move to larger ones in order to have a good mass balance (i.e., mass balance error less
than 10 percent). The mass balance error, current time step number, and time value are
displayed in the status bar as the model runs. If the mass balance error rises above 10
percent, you should stop the simulation and adjust the time stepping parameters,
dispersivity, or porosity until a better mass balance is achieved. The last chapter in the
documentation provides some guidance on selection of these parameters.

The final parameters on the Time Stepping dialog define the time approximation in the
transport solution. You may choose from Backward-in-time or Centered-in-time. The
Centered-in-time approximation is more accurate but may exhibit instability. The
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Backward-in-time introduces more numerical dispersion but is more stable. It is usually
recommended that you start with backward-in-time and move to centered-in-time after
you have a stable model.

Automatic Calibration

In some solutions supported by WinFlow, the Marquardt (modified Gauss-Newton)
nonlinear least-squares technique can be used to find the best statistical match

between the observed response data and the model you have chosen. Click the
button on the Match toolbar or choose Cale->Optimize Model from the menu to
implement the automatic match.

You may view detailed results of the nonlinear least-squares match by selecting
Edit->Model from the menu. The first tab, Solution, on the property sheet displays
the type of model you have performed. Other tabs include:

Parameters The initial parameter values

Results Optimized parameters computed by nonlinear least-
squares

Exceptions Unlink or unfix parameters and set enforced minimum

and maximum parameter values
Reference Head Values used to define the plane of initial heads

Recharge Values used to define the recharge elipse for steady-state
simulations

The Marquardt nonlinear least-squares procedure will estimate any parameter you

will not vary.

The automatic procedure will not always converge to a valid solution the first
attempt. You may get an error message stating that the numerical solution has
become unstable. This means that the Marquardt procedure could not come up with
an improved estimate for the pertinent parameters. One problem with the Marquardt
method is that your initial guesses for parameters must be fairly close to the “right”
answer before it will work properly. This dialog is accessed from the Advanced
button on the Solution tab of the Model Information property sheet.
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Advanced Solution Information
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Cancel
Derivative Type I Central j

£ern Dervative Value IEI.EIEIEH E
Lambda ||:|.|:||:|'| E

\_H
=
%]

If you have convergence problems, this dialog is the first place to go. You should
increase the value of Lambda by several orders of magnitude. With higher values of
Lambda the solution is more likely to converge but the precision of convergence is
diminished. If you set Lambda to a value of 1 or 10 and you are still can’t achieve
convergence, go to the Model Information property sheet and look at the Results
tabs. One or more of the parameters are likely diverging and have become invalid.
Go to the Exceptions and start enforcing minimum and maximum values. The more
you constrain the solution, the more likely it will converge.

Manipulating the information on the Advanced Solution Information dialog, fixing
and/or constraining parameters and changing initial guesses are the three areas where
you can influence the convergence. Sometimes it takes a good bit of trial and error
to achieve convergence, especially if the data deviates substantially from theoretical.
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Menus and Dialogs

Introduction

This chapter discusses the detailed data entered on all dialogs and property sheets in
Aquifer”™? and thus serves as a reference section of the manual. The dialogs and
property sheets are shown for each menu selection and are presented in order from
left to right and top to bottom in each menu. Aquifer”™? actually has many
different menus depending upon the active document type and active view type.
You may make a view active by simply clicking the left mouse button anywhere
within the view and the menus will change accordingly. Alternatively, the F6 key
toggles between views in the split window.

File Menu

The File menu contains several choices in a dropdown menu. Some of these items
are standard to most Windows applications, including New, Open, Close, Save,
SaveAs, Print, Print Preview, Print Setup, Send, and Exit. Other items are unique
to Aquifer" ™2, including Page Setup (to set margins on the output page), Import
(to import DOS text files containing the time-drawdown data), and Export (to create
a text file report or to create graphics files in either DXF or Windows Metafile, wmf,
formats). Each of these selections from the File menu is described below.

New

To start a new aquifer test, simply click the button on the Standard toolbar or
select the File->New menu. Selecting New from the File menu displays five types
of documents or analysis types, including (1) “AquiferWin32 Analysis”, (2)
“AquiferWin32 Simulation”, (3) “AquiferWin32 Slug Test”, (4) “AquiferWin32
Step Test” and (5) “AquiferWin32 Flow Model”, as shown below.
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32 Flow Model

i3 Analysiz
Aquiferfindz2 Simulation
Aquiferwind2 SlugT est

Cancel

Help

Jil

Clicking the button on the Standard toolbar creates an Analysis document in the
Standard and Professional versions and a Slug Test document if you are only
licensed for the Slug Test version of Aquifer” ™. To create a Simulation, Slug
Test, Step Test or Flow Model document, you must select File->New menu.

Open

Use the Open menu to read an existing Aquifer"™? file. You may also use the
button on the Main or press Ctrl-O.

The Open dialog is a standard Windows dialog that allows you to choose any
directory or drive on your computer. By default, all supported file types are
displayed; however, you can change the "Files of type:" combobox to any one of the
five supported file types, a Flow Model document (*.aqf), an Analysis document
(*.aqw), a Slug Test document (*.aql), a Simulation document (*.aqs) and a Step
Test document (*.aqgp).
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Step Test File [*.agp]

Al Files [*7]
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Close

Use the Close menu to close the active Aquifer™'™? document. You will be
prompted to save the document if you have made any changes or it is a newly
created document.

Save

The Save menu saves the current document to a disk file. The name of the file is
shown at the top of the Aquifer"™? window. For a new document that has not been
saved yet, you may want to use the Save As menu in order to provide a name of your

choice. The Save menu may also be executed from the button on the Standard
toolbar or by pressing Ctrl-S.

Save As

The Save As menu allows you to save the current document with a new name. A
standard Windows file dialog prompts for the file name and path.

Print, Print Preview, Print Setup

There are four menu selections related to printing the currently active view. These
include Print, Print Preview, Print Setup, and Page Setup. The first three options
are standard Windows menus and will work the same as your other Windows
applications. The current view can be printed to any printer, plotter, fax modem, or
other device supported by Windows. The only potential problem with printing is
related to the rotated fonts used in type curve and contour labels. Some Windows
device drivers do not properly support rotated fonts. It is very important to select
Print Setup and choose the option to “Print TrueType as Graphics”. Most Windows
device drivers will support this option, which allows for proper font rotation. If after
selecting this option the type curve and contour labels are not properly rotated, you
should call the manufacturer of your printer or other output device to get an updated
Windows driver.

Page Setup
NOTE: This menu is not available in the spreadsheet view.

Choose Page Setup to control the margins and scale on the printed output. You can
also use this menu to define headers and footers and select which ones will occur on the
printed output via the Page Setup Options property sheet.
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Orientation

Portrait When selected, the printed output uses the short
dimension of the paper as the x-axis and the long
dimension of the paper as the y-axis

Landscape When selected, the printed output uses the long
dimension of the paper as the x-axis and the short
dimension of the paper as the y-axis

Margins

Left Left margin in inches

Right Right margin in inches

Top Top margin in inches

Bottom Bottom margin in inches

Header/Footer

Header Space, in inches, between the top margin and printing

Header combobox

None —

area reserved for printing the header

Specifies what to print in the header area if Header is
greater than 0 inches

No header will be printed
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Default —

Custom -

Footer

Footer combobox

None —

Default —

Custom -

Border Style
Color
Thickness

Display Border

Header Line

Footer Line

Save As Defaults

Restore System Defaults

Uses the information on the Default Header/Footer page
to construct the header

Stands for any number of user-designed header/footer
elements

Space, in inches, between the bottom margin and
printing area reserved for printing the footer

Specifies what to print in the footer area if Footer is
greater than 0 inches

No footer will be printed

Uses the information on the Default Header/Footer page
to construct the footer

Stands for any number of user-designed header/footer
elements

The color to use when displaying the border lines

The line thickness to use when displaying the border
lines

When checked, a border line is displayed around the
printable area defined by the margins

When checked, a border line is displayed separating
the header area from the main printable area

When checked, a border line is displayed separating
the footer area from the main printable area

When checked, the values contained in this property
sheet are stored in the system registry when the
property sheet is accepted and are used as the defaults
when an new document is created

When checked, the default system values are restored
when the property sheet is accepted; this operation
occurs before the Save As Defaults operation so
having both checked resets both the document and
the system registry
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Page Setup Options

Graph Scale
" Scale to Page

tap Scale
* Scale to Page

" window Scale

tap Clip wWindow

Layout Scale l Default Header.-"F-:u:uter] Header;"FDnter]

* |lze Specified Dimensions

(" Specify Scale  [map unitz per inch) E

[v Dizplay Window

X

...............................

k. | Cancel Help

Graph Scale
Scale to Page

Use Specified Dimensions

Map Scale
Scale to Page
Specify Scale

Window Scale

Map Clip Window
Display Window

Map Window

While maintaining the ratio of vertical to horizontal
graph dimensions, the graph is scaled to fill the
printed page.

The graph dimensions specified in the Graph
Information property sheet are used to print the
graph.

The map scale is adjusted to fill the printed page.

The map scale of the printed page is set to the value
in the (map units per inch) field. The output will be
paginated accordingly.

The prevailing map scale in the display window is
used in printing. . The output will be paginated
accordingly.

The printed map is clipped to that which is displayed
in the display window and scaled as defined above.

The printed map is clipped to the defined map
window and scaled as defined above.
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NOTE: If both check-boxes are checked, the intersection between the display
window and map window is used as the clipping window.

Page Setup Options E|

La_w:uut] Scale  Default Header/Foaoter l HEEIdE[.-"FDDtET]

Title Block,

|Envirn:nnmer'|tal Simulationz, [he. Font...

300 Mourtain Top Fd Fart...

Reinholds, P4 17569 Fart...

| Fart...

Bitmap File

[+ Scale to Rectangle Browze. ..

i

File Mame:
|

Bitmap Size

Height |1 H

width |2 H

o]

Cancel Help

Title Block

Each of the four data fields and Font buttons define a
line of text in the title block section

Bitmap File

The name of the file that was loaded for Bitmap and
Metafile type frames

File Name:

NOTE: The contents of the file are loaded and stored within the document so
the file is no longer required and the name is for historical reference
only.

If checked, the bitmap is expanded/compressed to fill
the frame

Scale to Rectangle

NOTE: This check-box is usually checked, otherwise, the screen display and
printed output will not be the same.

Click this button to display a standard File Open
dialog used to locate the Bitmap or Metafile file
stored on the computer.

Browse

Bitmap Size
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Height

Width

Page Setup Options

[tem Type

La_w:uut] Scale ] Default Header/Footer  Header/Footer l

Specifies the height, in inches, of the frame used to
contain the bitmap or metafile

Specifies the width, in inches, of the frame used to
contain the bitmap or metafile

]

+- Frame Ohject

+- Line Ohject

+- Parameter Object
+- Title Object

e

Rename...

i

Add...
Edit...

Delete

Line Object

Ji

] 4 | Cancel Help

New:

Rename:

Add:

Edit:
Delete:
Item Type:

Creates a new header/footer and prompts for a name.

Prompts the user for a new name for the selected
header/footer.

Adds an item to the selected header/footer. The item
selected in Item Type is added.

Edits the currently selected item.
Deletes the currently selected item.

Specifies the currently active item to be added when
the Add button is clicked.

NOTE: A context menu is provided to allow Cut/Copy/Paste of headers and
footers to move them between documents.
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Import

In the spreadsheet view of an Analysis, Slug Test or Step Test document, the
Import menu allows you to import data from a text file. The spreadsheet view must
be the active view before you can use the Import option. Simply click within the
spreadsheet to make it active.

The data values in the file must be separated by a comma character and each row of
data must be terminated with a newline character. Additionally, the order of the
values in the file corresponds to the order of the columns displayed on the
spreadsheet. Since the number of and order of columns on the spreadsheet can be
adjusted make sure the data matches the spreadsheet into which it will be imported.

Map

The Map menu allows you to import a basemap in one of two different formats. The
map view must be the active view before you can use the Map menu. Simply click
within the map view to make it active.

The File Open dialog activated by this menu has a File of Type combobox that
supports ESI’s map file format, DXF file format and Bitmap file format. Set the
combobox to the appropriate type and accept the dialog. If the file type is DXF, you
will be prompted to enter a multiplier to scale the DXF coordinates.

If you have selected Bitmap a property sheet will be displayed as below. If the
bitmap you are using was generated from a scanned quad map, it may have come
with a .tfw (world) file. You can rename this file to filename.bmw where the
filename is the same as for the bitmap file and the Map Window parameters will be
automatically calculated from the world file.

Map Options §|

Window l

Bitmap Dimenzions

Height: 2773 widty  |2143

bl ap "findow

Originse 597603 B riginy: 591844 B
Height; |49587.2 widhe 352526 [

2k, | Cancel | Help |

Bitmap Dimensions

Height: The number of vertical pixels in the bitmap being
imported.

Width: The number of horizontal pixels in the bitmap being
imported.

Map Window
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Origin X: The x-coordinate in map units corresponding to the
lower left corner of the bitmap being imported.

Origin Y: The y-coordinate in map units corresponding to the
lower left corner of the bitmap being imported.

Height: The height of the bitmap in map units.

Width: The width of the bitmap in map units.

Import Wells

In the Test Simulator view of a Simulation document or the Site Map view of an
Analysis or Slug Test document, the Import Wells menu allows you to import data
for wells. The file must be a text file (ASCII file) containing three columns of data
separated by commas. The order of the columns is as follows:

(1) Well name,
(2) X coordinate of well, and
(3) Y coordinate of well

The well import file name must use a .dat extension. For example, the name of a
valid file would be wells.dat.

Selecting Import from the File menu displays a standard Windows file dialog.
Choose the path and file name to import. Aquifer" ™ reads data from the file and
adds the wells to the current model. If you are replacing existing wells, you must
first select and delete the existing wells. Importing new wells at the same location as
existing wells will give you 2 wells at each location.

Import Wizard — Time/Drawdown

In the spreadsheet view, the import wizard enables easier data importing from data
logger files and other applications. The Import Wizard->Time/Drawdown menu
activates the import wizard which can be used to define filters for data formats of
disk files and data copied to the Windows’ clipboard. The wizard separates the
information into header information, data, and footer information. Any number of
columns are supported in each of the three categories. Several data delimiters are
supported and the data is loaded into a tab spreadsheet for review before the data is
actually imported into the program. The time data can be either elapsed time or any
of a number of supported data/time formats. Well response can be head or
drawdown; in the case of head data, the user specifies the static head from which to
calculate drawdown. Similarly, elapsed time is calculated from date/time data given
a start date/time value. Additionally, both time and drawdown data can be
transformed and clipped.

Once defined, the filter can be added to the program and will appear in the list of
supported file types. Such filters can also be used for data in the Windows’
clipboard. A case in point is In-Situ’s Data Manager program; once loaded into the
Data Manager program, the information can be copied to the Windows’ clipboard
and imported directly into Aquifer" ™ without creating an intermediate data file.
Likewise, filters can be defined for custom spreadsheets defined in a spreadsheet
programwl_ﬂ}(ze Microsoft Excel and copied to the clipboard and imported directly into

Aquifer

The following are descriptions of the pages involved in the wizard.
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Import Wizard

3

-t
- —

@ % I1z& this wizard to impart time/drawdown data.
Once data filters are defined uging this wizard,

they can be added ta the zystem far future uge.

e “What i the source of the data’?

?’*

{+ [ata File

" Windows clipboard
~

| Mext » | Cancel Help

Data File
Windows clipboard

Database

Import Wizand

File Mame

C:haquifer?sE wampleshHermit. b Browsze. ..

Specifies that the data will be read from a data file

Specifies that the data will be read from the
Windows’ clipboard

Specifies that the data will be imported directly from
a database (not currently supported)

File Type |In5itu Trall Diata Logger j Delimiter | Tab -

Header/Faater |nfarmatian

Header Lines 43 E Columnz |E‘ E [v Load Header Data
Footer Lines 0 E Columns ||:| E [ Load Footer Data

Drata Colurnn [nfarmatiar

Date Cal 1 E Time Cal. |2 E [v DatedTime Corry.
Drawdown Col. |5 E wheight Col, ||:| E -‘*‘-dVaﬂCEd---|

< Back | Mewrt » | Cancel | Help |
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File Name

Browse

File Type
Generic Data File -

InSitu Data Logger -

Isodaq Data Logger -

Custom -

Delimiter

Comma -

Space -

Tab -
Header/Footer Information

Header Lines

Columns

Load Header Data

Footer Lines

Columns

Load Footer Data

Data Column Information
Date Col.
Time Col.

Date/Time Conv.

Drawdown Col.
Weight Col.
Advanced

Identifies the data file to import

When clicked, presents a File Open dialog to locate
the appropriate data file

Loads system default values

Loads values specific to the InSitu Data Logger
format

Loads values specific to the Isodaq Data Logger
format

The list can be enhanced to include as many
custom formats as needed

Specifies a data delimiter of the comma character
Specifies a data delimiter of the space character

Specifies a data delimiter of the tab character

Specifies the number of lines of header information
before the data columns begin

Specifies the number of columns of header
information present on each line

When checked, the header information will be loaded
into the subsequent tab spreadsheet

Specifies the number of lines of footer information
after the data ends

Specifies the number of columns of footer
information present on each line

When checked, the footer information will be loaded
into the subsequent tab spreadsheet

Indicates which column contains the value for date
Indicates which column contains the value for time

When checked, the date/time data is converted to
elapsed time

Indicates which column contains the drawdown data
Indicates which column contains the data weights

When clicked, presents the following dialog with
advanced settings
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Advanced File Filter Information El

Data Column Titles from Line

D ate Drelimiter

Cancel |

Cam=
_——

[rate Format

Time Deliriter

Filter File |nfarmatian

konth/D ap'ear j

v Date before Tirme when combined in one calumn

—

File M ame

|C:haquifer3sHermit ifl

Filter Egtengion |t

Filter Dezcription |In5itu Troll Drata Logger

Save..
[Smem. |

Save bz

Data Column Titles from Line Indicates which line, 0 if none, to take data column

Date Delimiter

Date Format
Month/Day/Year -
Day/MonthYear -

Time Delimiter

Date before Time...

File Filter Information

File Name

File Description

File Extension

Save

Save As

titles from

Specifies the delimiter used to separate components
of the date format

Month first, Day second, Year third
Day first, Month second, Year third

Specifies the delimiter used to separate components
of the time

When checked, the date value precedes the time
value when both are combined into one column

Specifies the file name to store the filter information
in; must be located in the program directory to be
accessible to the application

Specifies the descriptive text displayed in the File
Type combobox

Specifies the default file extension for files of this
type, eg. dat

When clicked, updates the current filter

When clicked, presents a File Save dialog to specify
the file into which to save the filter
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Import Wizard

Column 1 Column 2 Column3 |+
1 062097 19:08:00 0.0000
2 [06r20m97 19:23:00 15.0000
3 [06r20ma7 19:38:00 30.0000
4 (0620097 19:43:00 450000
5 [06r20097 20:08:00 60.0000
B [06r20097 20:23:00 7a.0000
T (062097 20:38:00 g0.0000
8 [06r20097 20:53:00 105.0000
§ [06r20097 21:08:00 120.0000
1AM AT 213300 134 0000 s
¥+ pata ¢ Header / ||:| -

< Back | Mest » | Cancel | Help |

This tab spreadsheet displays the columns of data loaded from the data source with
optional tabs for the header and footer information. The data is read-only and used
to verify that the filter information has been set up properly.

Import Wizard §|

Test Stat Date | (/201397 = | Test Start Time | 70800PM  ——

Time Adjustment

[ Transtormation Scale |1 E Offzet 0 El
[ Clipping Minimum ||:| E M aximum |0 E

[ “Water level data represents head FreT est Head ||:| H

Drawdown Adjuzstment

[ Transformation Scale |1 E Offset 0 ﬂ
| Clipping i |':| E Maximum |0 E

< Back | Finizh | Cancel | Help |

Test Start Date Specifies the date for the start of the pump test; used
to calculate elapsed time from date/time data
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Test Start Time Specifies the time for the start of the pump test; used
to calculate elapsed time from date/time data

Time Adjustment

Transformation When checked, the time data are transformed by
multiplying it by the Scale and adding the Offset

Scale Specifies the value by which to multiply the time
value if transformation is active

Offset Specifies the value to be added to the scaled time
value if transformation is active

Clipping When checked, the time data are clipped based on the
specified Minimum and Maximum values

Minimum Specifies the minimum acceptable value for time
data; data points with a time value less than this value
are not imported

Maximum Specifies the maximum acceptable value for time
data; data points with a time value greater than this
value are not imported

Water level data... When checked, the water level data represents head
and must be subtracted from the PreTest Head to
calculate drawdown

PreTest Head Specifies the head value at the start of the test
Drawdown Adjustment

Transformation When checked, the drawdown data are transformed
by multiplying it by the Scale and adding the Offset

Scale Specifies the value by which to multiply the
drawdown value if transformation is active

Offset Specifies the value to be added to the scaled
drawdown value if transformation is active

Clipping When checked, the drawdown data are clipped based
on the specified Minimum and Maximum values

Minimum Specifies the minimum acceptable value for
drawdown data; data points with a drawdown value
less than this value are not imported

Maximum Specifies the maximum acceptable value for drawdown data; data
points with a drawdown value greater than this value are not imported

Import Wizard — Pumping Rate

In the spreadsheet view, the import wizard enables easier data importing from data
logger files and other applications. The Import Wizard->Pumping Rate menu
activates the import wizard which can be used to define filters for data formats of
disk files and data copied to the Windows’ clipboard. The wizard separates the
information into header information, data, and footer information. Any number of
columns are supported in each of the three categories. Several data delimiters are
supported and the data is loaded into a tab spreadsheet for review before the data is
actually imported into the program. The time data can be either elapsed time or any
of a number of supported data/time formats. Elapsed time is calculated from
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date/time data given a start date/time value. Additionally, both time and pumping
rate data can be transformed and clipped.

Once defined, the filter can be added to the program and will appear in the list of
supported file types. Such filters can also be used for data in the Windows’
clipboard. A case in point is In-Situ’s Data Manager program; once loaded into the
Data Manager program, the information can be copied to the Windows’ clipboard
and imported directly into Aquifer" ™ without creating an intermediate data file.
Likewise, filters can be defined for custom spreadsheets defined in a spreadsheet
program like Microsoft Excel and copied to the clipboard and imported directly into

Aquifer™™?,

The following are descriptions of the pages involved in the wizard.

Import Wizard E|
@ % Uze thiz wizard to impart time/pumping rate data.
Once data filkers are defined using this wizard,

they can be added ta the system for future uze.
= e “What is the zource of the data’?
e : & DataFile
HrvaEn

O Windows clipboard

-t

ST o~

| Mext » | Cancel Help

Data File Specifies that the data will be read from a data file

Windows clipboard Specifies that the data will be read from the
Windows’ clipboard

Database Specifies that the data will be imported directly from
a database (not currently supported)
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Import Wizard

3

File Mame |

Header/Footer |nformation

[rata Colurnn [nformatior

File Type Generic Data File Delimiter | Cormma -

Header Lines 0 E Coluninz ||:| E [ Load Header D ata
Footer Lines 0 E

Date Cal 0 E
Rate Col i E

< Back | Mest » | Cancel | Help |

Browse. ..

Columns ||:| E [ Load Footer Data

Time Col. |1 E [ DatedTirme Cone,
Advanced. .. |

File Name

Browse

File Type

Generic Data File -

InSitu Data Logger -

Isodaq Data Logger -

Custom -

Delimiter

Comma -

Space -

Tab -
Header/Footer Information

Header Lines

Columns

Load Header Data

Footer Lines

Identifies the data file to import

When clicked, presents a File Open dialog to locate
the appropriate data file

Loads system default values

Loads values specific to the InSitu Data Logger
format

Loads values specific to the Isodaq Data Logger
format

The list can be enhanced to include as many
custom formats as needed

Specifies a data delimiter of the comma character
Specifies a data delimiter of the space character

Specifies a data delimiter of the tab character

Specifies the number of lines of header information
before the data columns begin

Specifies the number of columns of header
information present on each line

When checked, the header information will be loaded
into the subsequent tab spreadsheet

Specifies the number of lines of footer information
after the data ends
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Columns

Load Footer Data

Data Column Information
Date Col.
Time Col.

Date/Time Conv.

Rate Col.

Advanced

Advanced File Filter Information

o
lfi Cancel

Data Colurmn Titles from Line

D ate Drelimiter

Specifies the number of columns of footer
information present on each line

When checked, the footer information will be loaded
into the subsequent tab spreadsheet

Indicates which column contains the value for date
Indicates which column contains the value for time

When checked, the date/time data is converted to
elapsed time

Indicates which column contains the pumping rate
data

When clicked, presents the following dialog with
advanced settings

tl X

Time Delimiter

Filter File |nfarmatian

D ate Format Month/D ap'ear ﬂ

[v [ate befare Time when combined in one column

File Hame |E:"-.aquifer3'xH ermit.ifl

Filter Extenzion |t

Filter Diescription |In5itu Troll Data Logger Save...

d

Save ba...

Data Column Titles from Line Indicates which line, 0 if none, to take data column

Date Delimiter

Date Format
Month/Day/Year -
Day/MonthYear -

Time Delimiter

Date before Time...

File Filter Information

titles from

Specifies the delimiter used to separate components
of the date format

Month first, Day second, Year third
Day first, Month second, Year third

Specifies the delimiter used to separate components
of the time

When checked, the date value precedes the time
value when both are combined into one column
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File Name

File Description
File Extension

Save

Save As

Import Wizard

Specifies the file name to store the filter information
in; must be located in the program directory to be
accessible to the application

Specifies the descriptive text displayed in the File
Type combobox

Specifies the default file extension for files of this
type, eg. dat

When clicked, updates the current filter

When clicked, presents a File Save dialog to specify
the file into which to save the filter

X]

Column 1 Column 2 L+
1 (0 100
2 |60 0
3 (240 24
4
5
B
7
8
E]
10 ek
A[ [ Data [«] [+

< Back | et » | Cancel | Help |

This tab spreadsheet displays the columns of data loaded from the data source with
optional tabs for the header and footer information. The data is read-only and used
to verify that the filter information has been set up properly.
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3

Import Wizard

Test Start Date | J Test Start Time | —

Time Adjustment

[ Transtormation Scale |1 E Dffzet 0 ﬂ
[ Clipping MiniriLirn ||:| E b asimum |0 E

R ate Adjustment

[ Transformation Scale |1 E Offzet 0 ﬂ
[ Clipping MinirLimn |':' E b asimum |0 E

< Back | Finizh | Cancel Help

Test Start Date Specifies the date for the start of the pump test; used
to calculate elapsed time from date/time data

Test Start Time Specifies the time for the start of the pump test; used
to calculate elapsed time from date/time data

Time Adjustment

Transformation When checked, the time data are transformed by
multiplying it by the Scale and adding the Offset

Scale Specifies the value by which to multiply the time
value if transformation is active

Offset Specifies the value to be added to the scaled time
value if transformation is active

Clipping When checked, the time data are clipped based on the
specified Minimum and Maximum values

Minimum Specifies the minimum acceptable value for time
data; data points with a time value less than this value
are not imported

Maximum Specifies the maximum acceptable value for time
data; data points with a time value greater than this
value are not imported

Rate Adjustment

Transformation When checked, the pumping rate data are
transformed by multiplying it by the Scale and
adding the Offset

Scale Specifies the value by which to multiply the pumping

rate value if transformation is active
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Offset Specifies the value to be added to the scaled pumping
rate value if transformation is active

Clipping When checked, the pumping rate data are clipped
based on the specified Minimum and Maximum
values

Minimum Specifies the minimum acceptable value for pumping

rate data; data points with a pumping rate value less
than this value are not imported

Maximum Specifies the maximum acceptable value for pumping
rate data; data points with a pumping rate value
greater than this value are not imported

Export

In a graph view, the Export menu is used to save four different file types which
provide you with a means of transferring graphics and data to other software
packages. Supported file formats include the following:

1.  Summary (*.out) — ASCII file presenting analysis results
2. AutoCAD DXEF (*.dxf) - file for importing into CAD software

3.  Windows Metafile (*.wmf) — graphics import file for most Windows
applications such as Microsoft Word or Excel. You should use the Windows
metafile if you want to preserve fonts and colors when importing the type curves
into other applications. DXF files do not preserve fonts or colors properly.

4. Placeable Metafile (*.wmf) — alternative metafile format required by some
Windows applications

In a spreadsheet view, the Export menu exports an ASCII file with the time and
drawdown data. The file is a comma-delimited text file that can be imported into
most applications, such as spreadsheets. Additionally, the order of the values in the
file will correspond to the order of the columns displayed on the spreadsheet. Since
the number of and order of columns on the spreadsheet can be adjusted make sure
the spreadsheet matches what you want to export.

In a map view, the Export menu is used to save 10 different file types which provide
you with a means of transferring graphics and data to other software packages.
Supported file formats include the following:

1. Surfer ASCII (*.grd) - ASCII file containing the matrix of head values
computed by Aquifer" ™ for recontouring in SURFER

2. Surfer BINARY (*.grd) ) - BINARY file containing the matrix of head values
computed by Aquifer" ™ for recontouring in SURFER

3. Surfer XYLINE (*.bln) - ASCII file containing selected graphic lines for use in
SURFER

4. Surfer POSTING (*.pst) ) - ASCII file containing selected graphic text for use in
SURFER

5. AutoCAD DXF (*.dxf) - file for importing into CAD software
6. SpyGlass (*.spy) - Spyglass is a commercial graphics program that provides

more sophisticated visualization capabilities than Aquifer" ™

7. ASCII XYZ (*.dat) ) - ASCII file containing the matrix of head values

computed by Aquifer™™? in the format x, y, z
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8. Geosoft (*.geo) - Geosoft is a commercial graphics program that provides more
sophisticated visualization capabilities than Aquifer" ™

9. Windows Metafile (*.wmf) — graphics import file for most Windows
applications such as Microsoft Word or Excel. You should use the Windows
metafile if you want to preserve fonts and colors when importing the type curves
into other applications. DXF files do not preserve fonts or colors properly.

10. Placeable Metafile (*.wmf) — alternative metafile format required by some
Windows applications

11. ArcView Shapefile (*.shp) — Exports using ArcView " Shapefile format.

Send

If electronic mail has been installed on the computer, this menu will appear. The
Send menu is used to send the active document through electronic mail. The
currently supported electronic mail editor is displayed with a copy of the active
document included as an attachment.

Most Recently Used Files

The four most recently opened document files are listed at the bottom of the File
menu for easy access. Simply click on the appropriate file name in the menu and
that file will be automatically opened.

Exit

The Exit menu closes all open documents and exits the application. You will be
prompted to optionally save each of the currently opened documents that has
unsaved changes.

Edit Menu

The Edit menu, like the File menu, contains both standard Windows menus and
those customized for Aquifer”™?. The standard Edit menu including Cut, Copy,
Paste, and Delete has been enhanced to include additional menus items specific to
Aquifer"™2. As with other menus, the accessibility of particular menu items is
determined by the active view and the active document type.

Cut, Copy, Paste, Delete

The Cut, Copy, Paste, and Delete menus are standard Windows functions. Each
menu operates on the currently selected elements or spreadsheet lines. An element
can be a well, title, line, frame, legend, symbol, parameter, or scale.  To select one
of these elements in a map view, simply move the cursor over the element until you

see the Q%D arrow appear, then click the left mouse button. The element will turn a
solid color or a bounding rectangle will appear to identify that it has been selected.
Multiple selection is achieved by repeating the procedure while holding down the
Shift key. Now, all of the edit operations will work on this element. If no element
has been selected, these menus will appear in gray and cannot be used. One
exception is the Copy menu which allows copying the entire view to the clipboard as
an OLE object and a metafile.
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To select lines in a spreadsheet view, click the left mouse button in the leftmost
column of the spreadsheet and drag a selection. Alternatively, hold down the shift
key and use the arrow keys or page keys to expand the selection.

Use Cut to remove the selected elements or spreadsheet lines from the view and put

them on the Windows clipboard. You may also use the button on the Standard
toolbar to cut. Use the Delete menu to simply remove the elements or spreadsheet
lines from the view without placing them on the clipboard. Use Copy to keep the
elements or spreadsheet lines in the view but make a copy on the Windows

|
clipboard. You may also use the button on the Standard toolbar to copy. You
may i ut clipboard elements into the current view using the Paste menu selection or

the button on the Standard toolbar. The items or lines are pasted back at the
same coordinates as the original elements or before the currently selected line of the
spreadsheet. These edit features are most useful to transfer elements from one
aquifer test analysis document to another. You may have several analyses open at
one time and cut, copy, and paste elements from one document to another.

During spreadsheet paste operations, the data is assumed to be in Windows text
clipboard format with Tab characters separating data values and a newline character
at the end of each data row. During spreadsheet cut and copy operations this same
format is produced. Additionally, the order of the values in the clipboard
corresponds to the order of the columns displayed on the spreadsheet. Since the
number of and order of columns on the spreadsheet can be adjusted make sure the
data matches the spreadsheet into which it will be pasted.

Undo

The Undo menu is only available on the spreadsheet to undo the changes made to the
active cell. Once the active cell is changed in the spreadsheet, the previous changes
are committed.

Select All

In the spreadsheet view, the Select All menu selects all lines in the spreadsheet.

In the map view, the Select All menu is used to highlight all elements in a particular
category. A third menu appears with the following categories: well (in map views),
head linesink (in model views), flux linesink (in model views), pond (in model
views), streamline (in model views), particle (in model views), target (in model
views), title, line, frame, legend, parameter, or symbol. You may want to select all
instances of a particular element in order to cut/copy and then paste into another
document.

Select Data Bounds

The Select Data Bounds menu is only available for the match view and is used to
drag a rectangle around data points on the graph to select them in the spreadsheet. In
a multiple well analysis, the spreadsheet contains the data for the current well and
selecting data bounds operates on the data for the current well. The most common
use for this operations is to visually select data points and change the weight and/or
symbol; this requires that these columns have been added to the spreadsheet so they
can be edited.
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Graph Items/Map Items/Analytic Elements

The Graph Items menu is displayed in graph views while the Map Items menu is
displayed in map views. In the case of a Flow Model document, the map view
displays the Analytic Elements menu. They are virtually identical except that the
map view versions allows you to edit well data and/or analytic elements in addition
to the other types of items.

The Graph Items Information property sheet is shown below although the Map Item
Information property sheet and Analytic Element Information property sheet are
identical except for the title. This menu selection is used to manually add, delete, or
edit objects in the currently active view. These objects include legends, lines,
parameters, frames, symbols, and titles. In the case of a map view, wells, head
linesinks, flux linesinks, ponds, streamlines, particles, line clusters, circle clusters,
and targets are available as well.

The items are categorized by item type and individual items are identified based on
their primary X and Y coordinates. As discussed in the concepts section, the
coordinate system is map units or scaled inches for map views and graph views
respectively. All editing is done using the property sheet specific to the item.

Graph Item Information §|

[temsz l

- Legend Object Add...
= Offzett4.62] % Offzet[1.19)

J Lk

[tem Type: |Legend Object

] | Cancel | Help |

Add Adds an item to the currently active graph. The item
selected in /tem Type is added.

Edit Edits the currently selected item.
Delete Deletes the currently selected item.
Item Type Specifies the currently active item to be added when

the Add button is clicked.

Reference Head

The Reference Head menu is used to edit the characteristics of the reference head
for simulation documents. The reference head represents one location within the
aquifer where the head is known. Reference head characteristics that may be edited
in the Reference Information property sheet include the X and Y coordinates of the
reference location, the head value, and the magnitude and direction of the regional
hydraulic gradient. The angle of the regional gradient is entered in degrees with zero
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degrees representing East, 90 degrees is North, etc. The regional gradient is

dimensionless (ft/ft).
Reference Information

Feference Head l

Huydraulic Parameters

Head: Gradient; Anigle:

[eon B Jooo B = B

Dizplay Parameters

Color: | [ Lime j

Sie |525132 [

Spatial Parameters

X

w3731 H

. 3280 E

o]

Cancel | Help |

Head

Gradient

Angle

Display Parameters

Color:

Size

Spatial Parameters

X:

Y

Recharge Ellipse

The value for hydraulic head at a point from which to
calculate initial head matrix

The value for representing the change in hydraulic
head with distance used to calculate the initial head
matrix

The angle of rotation used to calculate the initial head
matrix.

The color used to display the reference head symbol
on the map

The size in map units of the reference head symbol
on the map

The x-coordinate of the point at which the value of
hydraulic head is being set

The y-coordinate of the point at which the value of
hydraulic head is being set

The Recharge Ellipse menu displays the Recharge Information property sheet used
to change the characteristics of the recharge rate and location of the recharge ellipse
for selected flow models. The property sheet allows you to specify the recharge rate
(e.g., ft/d), the angle of the recharge ellipse axis (zero degrees is parallel to the X
axis), the X and Y coordinates of the center of the ellipse, and the axes lengths (a and
b) of the ellipse. Note that the size of the ellipse does not effect the ultimate shape of
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the water table mound that develops in response to recharge. Only the aspect ratio
(a/b) effects the shape of the recharge mound.

Recharge is currently only used in the steady-state WinFlow model and the WinTran
model. It is primarily for regional simulations in which model boundaries are
simulated with wells and linesinks. In this case, the recharge then creates water table
divides and mounds between these regional features. Recharge should not be used
for small-scale models such as those used to simulate remediation systems around
gasoline stations and other similar sites.

Model Information

Huydraulic Parameters

Rate: 0 E

Digplay Parameters

Su:uluti-:un] Fieference Head Recharge l Fli ] Transpor 4 | ¥

%]

Angle: a E

Colar: | [ REE

Spatial Parameters

w. 2000 H
5 |2000 H

[

2000 E
2000 E

I=

I

Cancel

o |

| | Help |

Hydraulic Parameters
Rate
Angle

Display Parameters

Color:

Spatial Parameters
X:
Y:
a:
b:

Sets the recharge rate in units of length/time

Set the angle of the recharge ellipse axis (zero
degrees is parallel to the X axis)

The color used to display the recharge ellipse on the
map

The x-coordinate of the center point of the ellipse
The y-coordinate of the center point of the ellipse
The x-axis length of the ellipse
The y-axis length of the ellipse

NOTE: Only the aspect ratio (a/b) effects the shape of the recharge mound.
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Graph/Default Well Graph

The Graph, Default Well Graph, Default Line Graph and Default
Concentration Graph menus all control the characteristics of a graph. The Graph
Information property sheet is displayed with several tabs to allow you to modify the
way graphs are drawn on the screen. The Graph menu affects the active graph view
while the Default Well Graph menu only affects the default parameters used when
new wells are added to the aquifer test or model. Similarly, the Default Line Graph
affects the default parameters used when adding new line calculation elements.
Finally, the Default Concentration Graph affects the default parameters used when
creating concentration versus time graphs for monitored wells. You may change the
axis annotation, line types, line labels, graph paper, and fonts used on the graph. The
following describes each of the items you may edit.

Graph Information

Spatial Coordinates

s-Origin | =
-Origin |1 E

[v Dizplay [nternal Grid

Title Information

Graph lK-.-’-‘-.:-:is ] iz ] Line T_I,Ipes] Line St_lrlles]

%]

s-Length |2 E
Y-Length |5 E

v Dizplay Azis Ticks

Title |Dbserved versuz Predicted Drawdown

Caolar: |- Elack

Eont... Anial

YWindow b asimums

[ Sawe Az Defaults

[

b 3 |92 E Max. ' |68 E

[ RBestare Systemn Defaults

k. | Cancel

Help

Spatial Coordinates
X-Origin

X-Length
Y-Origin

Y-Length

Horizontal offset of lower left corner of the graph
(inches)

Length of graph x-axis (inches)

Vertical offset of lower left corner of the graph
(inches)

Height of graph y-axis (inches)
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Display Internal Grid
Display Axis Ticks

Title Information
Title

Color

Font

Window Maximums

Max. X

Max. Y

Save As Defaults

Restore System Defaults

Toggle the display of the internal grid on the graph

Toggle the display of axis ticks adjacent to axis
numbers

The text to be displayed as the title above the graph
The color used for the title

Defines the font, font style, size, effects and color for
the title

Defines the maximum x value, in inches, to reserve
for the graph window

Defines the maximum y value, in inches, to reserve
for the graph window

When checked, the values contained in this property
sheet are stored in the system registry when the
property sheet is accepted and are used as the defaults
when an new document is created

When checked, the default system values are restored
when the property sheet is accepted; this operation
occurs before the Save As Defaults operation so
having both checked resets both the document and
the system registry
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Graph Information

Az Type
" Anithmetic Scale

&+ Logarithmic Scale

Minirnurn = 0,01

v Autarnatic Minimurn

Axiz Mumbers

Graph #-Awis l rfiis ] Line Types ] Line Styles ]

X)

Subdivizionz

Major |5 E
kinar E

b airnLrn & E

Iv Automatic M aximum

Format | POWER

j Frecizion |1 E

Calor; |- Black

Fart... Arial

Atz Label

[

Test  |Time

Color:

I Black

Fart... Aial

j v Append Units

Cancel

o |

| Help

Axis Type
Arithmetic Scale:
Logarithmic Scale:
Subdivisions
Major:

Minor:

Minimum X:

Maximum X:

Defines an arithmetic x-axis

Defines a logarithmic x-axis

Sets the number of major subdivisions for the graph

Sets the number of minor subdivisions for an
arithmetic axis (always 10 for a logarithmic axis)

Sets the minimum value represented by the x-axis

Sets the maximum value represented by the x-axis

NOTE: To reverse the axis numbers on an arithmetic scale, set the Minimum X
greater than the Maximum X.

Automatic Minimum

Automatic Maximum

Axis Numbers

When checked, the minimum axis value is
automatically set based on the data being graphed

When checked, the minimum axis value is
automatically set based on the data being graphed
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Defines the format to use for axis numbers

EXPONENTIAL generates numbers as 1.0e-001

Format:
FIXED
POWER
Precision:
Color
Font:
Axis Label
Text:
Color
Append Units
Font:

generates numbers as 0.1

-1
generates numbers as 10

Defines the number of decimal places to display for
FIXED and EXPONENTIAL formats

Defines the color to use when displaying the axis
numbers

Defines the font, font style, size, effects and color for
the axis numbers

The text to be displayed as the x-axis label

Defines the color to use when displaying the axis
numbers

When checked, the units of the data will be appended
to the axis label

Defines the font, font style, size, effects and color for
the label
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Graph Information

Az Type
" Anithmetic Scale

&+ Logarithmic Scale

Minirnurn ¢ {0,071

v Autarnatic Minimurn

Axiz Mumbers

Graph ] bz AR l Line Types ] Line Styles ]

X)

Subdivizionz

Major |2 E
kinar E

4 axirnurn E

Iv Automatic M aximum

Format | POWER

j Frecizion |1 E

Calor; |- Black

Fart... Arial

Atz Label

[

Text |D ravwdown

Color:

I Black

Fart... Aial

j v Append Units

Cancel

o |

| Help

Axis Type
Arithmetic Scale:
Logarithmic Scale:
Subdivisions
Major:

Minor:

Minimum X:

Maximum X:

Defines an arithmetic x-axis

Defines a logarithmic x-axis

Sets the number of major subdivisions for the graph

Sets the number of minor subdivisions for an
arithmetic axis (always 10 for a logarithmic axis)

Sets the minimum value represented by the x-axis

Sets the maximum value represented by the x-axis

NOTE: To reverse the axis numbers on an arithmetic scale, set the Minimum X
greater than the Maximum X.

Automatic Minimum

Automatic Maximum

Axis Numbers

When checked, the minimum axis value is
automatically set based on the data being graphed

When checked, the minimum axis value is
automatically set based on the data being graphed
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Defines the format to use for axis numbers

EXPONENTIAL generates numbers as 1.0e-001

Format:
FIXED
POWER
Precision:
Color
Font:
Axis Label
Text:
Color
Append Units
Font:

generates numbers as 0.1

-1
generates numbers as 10

Defines the number of decimal places to display for
FIXED and EXPONENTIAL formats

Defines the color to use when displaying the axis
numbers

Defines the font, font style, size, effects and color for
the axis numbers

The text to be displayed as the x-axis label

Defines the color to use when displaying the axis
numbers

When checked, the units of the data will be appended
to the axis label

Defines the font, font style, size, effects and color for
the label
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Graph Information

araph Perimeter

Graph ] bz ] Y-fwiz  Line Types l Line St_lrlles]

Color m" Thickness |2 point *

b ajor Subdivizions

X)

Color ||:| Silver

binor Subdivizions

2 point

Le

Thickness

tajor Ticks

Colar | [ ] Silver

Le

Thickness

kinar Ticks

I:':'I':'I |- BlEICk

Y point
2 -

poink

Le

Thickness

Color_ |- Elack.

Y point

Thickness

Le

o |

Cancel

Help

Graph Perimeter
Color:

Thickness:

Major Subdivisions
Color:

Thickness:

Minor Subdivisions
Color:

Thickness:

Major Ticks

Color:

Thickness:

Minor Subdivisions

Color:

Sets the color of the graph perimeter line

Sets the thickness of the graph perimeter line in
points

Sets the color of the graph major subdivisions

Sets the thickness of the graph major subdivisions in
points

Sets the color of the graph minor subdivisions

Sets the thickness of the graph minor subdivisions

Sets the color of the graph major ticks
Sets the thickness of the graph major ticks in points

Sets the color of the graph minor ticks
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Thickness: Sets the thickness of the graph minor ticks

Graph Information §|

Graph ] e ] otz ] Line Types  Line Shyles l

NETERT- N {4 atch [ ata - Predicted

[+ Dizplay Line [ Dizplay Symbal [ Dizplay Label
Line Style

Color | I Black ~| Thickness [% point 7]
Dash |—j Length m
Symbol Style

Color | [ Blue | Thickness [% point »]
Spmbol | - Size |3 point -

Label Information

Label |
Separation |2 M aximum Mumber |10 E

Tolerance [0.00100 B Color [ Black  ~|
Eort... Anal

k. | Cancel | | Help

Data Set: Specifies which graph data set is being edited
Default Type Curves - Defines the values used when a new type curve
is added to the graph
Selected Type Curve - Defines the Line Style parameters used when
displaying the selected type curve
Display Line: Activates the display of lines connecting data points
Display Symbol: Activates the display of symbols at data points
Display Label: Activates the display of a label on the data set
Line Style
Color: Sets the color of the line connecting the data points
Thickness: Sets the thickness in points of the line connecting the

data points

Dash: Sets the dash pattern to use for the line connecting

the data points
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Length: Sets the length in inches of the dash pattern for the
line connecting the data points

Symbol Style

Color: Sets the color of the symbol displayed at each data
point

Thickness: Sets the thickness in points of the line used to draw
the symbol

Symbol: Sets the symbol to display at each data point

Size: Sets the size in points of the symbol to display at

each data point

Label Information

Label: The text to be displayed as the label on the data set
Separation: The minimum distance in inches between labels
Maximum Number: The maximum number of labels to display
Tolerance: The maximum difference in inches between the total

distance along the data curve where the label is to be
displayed and the length of the label

Color Sets the color of the label displayed on the data set

NOTE: The value for tolerance determines how straight the section of the curve
has to be for the label to be displayed. If the tolerance is exceeded the
label will be advanced forward until an acceptable section of the curve
is found.

Font: Defines the font, font style, size, effects and color for
the label

Solution

The Solution menu activates the Solution Information property sheet which allows
you to change the analysis type (i.e., confined versus leaky aquifers etc.), the way in
which the automatic curve match is performed, initial guesses for parameter values,
the way data are displayed, and the type curves to be displayed. You can also use
this property sheet to view the results of the current match. The Solution Information
property sheet is dynamic and changes depending on the specific analysis selected.
You are referred to the Analysis Parameters section of the Concepts chapter for more
details. A general discussion of each tab of the property sheet is provided below.
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Solution Information fz

Salution l Parameters] Hesults] Eurves] E:-:u:eptiu:uns] St 4| ¥

Solution |nformation

Hantuzh, 1360 [Leaky Aquifer with 5

Corvergence Information

Convergence Criteria | 18-005
b aimum [terations m

k. | Cancel | | Help |

Solution Information

Advanced...

Analysis: Defines the type of analytic solution to use when
evaluating the current aquifer test

Convergence Information

Convergence Criteria: The change in the sum of squared residuals that
determines when the automated curve match
algorithm is finished

Maximum Iterations: The maximum number of nonlinear least-squares
iterations allowed for each automated curve match.

Advanced: This button activates the Advanced Solution
Information dialog that provides more control of the
nonlinear least-squares solution
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Solution Information §|

Solution  Parameters l Hesults] Eurves] E:-:u:eptiu:uns] StellL'
Well Pararmeters
Badial distance (1] |14':”:' H Eﬁ
Pumping rate [3] |?5E| E Eﬁ

Hydraulic Parameters

_H
Transmissivity [T) [1821.01 | &
Storage coefficient [S) |3.441 55e-005 H Ej";

Bieta [ 2 B =

Cancel | | Help |

check-box controls whether the adjacent parameter is fixed, held constant, during
optimization. The lower check-box controls whether the particular parameter is
linked to another parameter within the document. Linked parameters are not editable
and share both value and units with the parameter to which they are linked.
Furthermore, linked parameters are forced to be fixed.

Well Parameters

Radial distance (r) Initial guess for distance from the pumping well to
the observation well

Pumping Rate (Q) Initial guess for pumping rate at the production well

Hydraulic Parameters

Transmissivity Initial guess for transmissivity
Storage coefficient Initial guess for storage coefficient
Beta (83) Initial guess for Beta

NOTE: These example parameters are specific to the Hantush, 1960 analysis.
Additional parameters and/or parameter pages may appear in this area
depending upon the type of aquifer test analysis specified.
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Solution Information E'

Su:uluti-:un] Parameters  Results l Eurves] E:-:u:eptiu:uns] St 4| ¥

“Well Parameters

00 =
Badial distance (1] E“

Pumping rate [Q] |?5E| E Eﬁ

Hydraulic Parameters

Tranzmizzivity [T] 2199.66 | Ej";
Storage coefficient [S) |4.E1ZBBE-EIEIE H Ej";
Beta [P] 1.76337 H =

k. | Cancel | | Help |

Well Parameters

Radial distance (1) Calculated value for distance from the pumping well
to the observation well

Pumping Rate (Q) Calculated value for pumping rate at the production
well

Hydraulic Parameters

Transmissivity Calculated value for transmissivity
Storage coefficient Calculated value for storage coefficient
Beta (13) Calculated value for Beta

NOTE: These example results are specific to the Hantush, 1960 analysis.
Additional parameters and/or results pages may appear in this area
depending upon the type of aquifer test analysis specified.
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Solution Information

Parameter

Curve Infarmation

Su:uluti-:un] Parameters] Flesults Curves l E:-:u:eptiu:uns] St 4| ¥

0.00
1.00
1.75
3.00
4.00

k. | Cancel

| | Help |

Parameter

Curve Information
Add

Edit

Delete

Move Up

Move Down

Defines the parameter used when generating type
curves

Add a new value for which to generate a type curve
Change the currently selected type curve value
Remove the currently selected type curve value

Move the currently selected type curve value up in
the list

Move the currently selected type curve value down in
the list

NOTE: This page may be absent if the active solution does not support multiple
type curves. Also, the order in the list controls the order the curves are
drawn. In some cases, the selected type curve color is overwritten when
type curves are drawn. In this case, move the selected type curve to the

bottom of the list.
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Solution Information

Parameter

Su:uluti-:un] Parameters] Hesults] Curves Exceptions l St 4 | P

Yalue [nformation

il |2

[ Fixed Yalue

Calculated |1.76337

R ange Informatian

-

[v Enforze Minimur |'|E-EIEIE

[ Enforce Magimum |0

o |

Cancel | Help

Parameter
Value Information
Initial

Fixed Value

Calculated
Linked Value

Range Information

Enforce Minimum

Enforce Maximum

Selects the parameter to edit

Initial guess to use for the selected parameter

If checked, the value is fixed for the selected
parameter during optimization

Calculated value for the selected parameter

If checked, the value is linked to a parameter
elsewhere in the document. Linked values are linked
in both value and units and force the Fixed Value
check-box to be checked.

If checked, the adjacent value is the minimum value
allowed during optimization

If checked, the adjacent value is the maximum value
allowed during optimization

NOTE: It is often necessary to enforce minimum and maximum values for
parameters to achieve convergence on a solution.
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Solution Information E|

Parameters] Hesults] Eurves] Exceptions | Statistics l D4 | *|

b atch Point
Type Curve: [1.000000e-007, 1.000000=-004)
Data Curve: [1.479707e+000, 522344 3=-004]

b atch Statistics

Residual Mean = -0.000225
Residual Standard Dew. = [L0148E7
FResidual Sum of Squares = 00712822
Abzolute Residual Mean = 0.010252
kinirmurm B esidual =-0.032536
b aimum Fesidual = 0045723

o ]

Cancel

Help

The Statistics tab displays the results from the current match. A residual is the
difference between the field drawdown and the value computed according to the
current match. The automatic method tries to minimize the residual sum of squares.
The Match Point data are useful if you are trying to compare your results with those
obtained from more traditional graph paper methods.

Solution Information

1u H{u.8) |+
1 (0.1 4.15697e-006
2 (012 2 BO0GSe-005
3 (015 0.000168357
4 10.2 00011423
& |0.25 0.00377935
G (0.3 0.00857 445
4T| ylif':n.nnnnnnn n,f ~ 000000 Y, 1.7500([ «] [ =

o ]

Cancel |

| Help

The Data tab contains a tab spreadsheet containing the data points used to represent
each type curve. The spreadsheet is read-only; however, a context menu is available
to export the data points for individual type curves.
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Toggle Step

The Toggle Step option is active only in Step Test documents. Selecting this item
changes the currently selected step and updates the combobox in the Step toolbar
shown below.

|Step i *l ﬁl@ll

The currently active step controls which subset of data points and their respective
linear regression line are active. The currently active step is used when either the

Calc->Linear Regression->Single Step menu or the @l button on the Step toolbar
is clicked.

Toggle Type Curve

Selecting the Toggle Type Curve menu changes the currently selected type curve
when there are multiple type curves being displayed. It also updates the combobox
in the Match toolbar as shown below.

X a|o|w|a|l o|s|»]e]

For single type curve analyses (e.g., the Theis method for confined aquifers), this
menu is not active. Further, this menu is only available when the Match Data view is
active.

Toggle Data Set

Selecting the Toggle Data Set menu changes the currently selected well in a
multiple well analysis. The data points for the currently selected well are displayed
in the spreadsheet and are active in the Match Data view. Both automatic and visual
matching use the active well. The name of the currently selected well is displayed
on the Match Data view tab at the bottom left of the graph view. This menu is only
available in a multiple well analysis.

Group Optimize Parameters

Selecting the Group Optimize Parameters menu displays the Group Optimization
Parameters property sheet. This property sheet has a Parameters tab containing an
Add/Remove listbox pair. This menu is only available in multiple well analyses.
Optimizing the wells as a group uses data from all wells in estimating the parameter
values for the automatic match. The Group Optimization Parameters property sheet
is displayed below.

226 ¢ Menus and Dialogs Guide to Using AquiferWin32



Group Optimization Parameters

X)

Parameters l
Ayvailable Parameters Optimized Parameters
/B Add w3 Storage Coefficient
Tranzmizzivity
Add All >
<< Remove |
<< Remove All |
k. | Cancel Help
Available Parameters: Contains the parameters that can optimized for all
wells. In order for a parameter to appear in either
list, it cannot be fixed in any well in the group.
Optimized Parameters: Contains the parameters that will be optimized across
the group of wells.
Add>>: Moves the currently selected parameter from the
Available Parameters list to the Optimized
Parameters list.
Add All>>: Moves all parameters from the Available Parameters
list to the Optimized Parameters list.
Remove>>: Moves the currently selected parameter from the
Optimized Parameters list to the Available
Parameters list.
Remove All>>: Moves all parameters from the Optimized Parameters
list to the Available Parameters list.
Flow Model

The Flow Model menu accesses the Model Information property sheet which allows
you to change the solution type (i.e., confined versus leaky aquifers etc.), the way in
which the model parameters are optimized, model parameter values, the reference
head and the recharge ellipse. The Model Information property sheet is dynamic and
changes depending on the specific analysis selected. If a solution does not support
optimization, the Results and Exceptions pages will not be present. Additionally, the
Parameter and Results pages have help links to the specific solution help files
accessed by pressing the F1 key. A general discussion of each tab of the property
sheet is provided below.
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Model Information [z|

Salution l Reference Head] Hecharge] F'arameters] = L

Solution | nformation

Corvergence Information

Corveergence Criteria 1e-003

M azimurn Iterations m

2k, | Cancel | | Help |

Solution Information

Analysis: Defines the type of analytic solution to use when
evaluating the current aquifer test

Convergence Information

Convergence Criteria: The change in the sum of squared residuals that
determines when the automated curve match
algorithm is finished

Maximum Iterations: The maximum number of nonlinear least-squares
iterations allowed for each automated curve match.

Advanced: This button activates the Advanced Solution
Information dialog that provides more control of the
nonlinear least-squares solution
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Model Information

Head:

Solution,  Reference Head l Hecharge] Flaw ] Transpar 4 | ¥

Huydraulic Parameters

Gradient; Anigle:

X

lbs B

Dizplay Parameters

B o B

Spatial Parameters

Color: |- Limne j Size: |3.50E72 E

o E

v, |EB E

o ]

Cancel |

| Help |

The Reference Head tab is used to edit the characteristics of the reference head for
simulation and flow model documents. The reference head represents one location
within the aquifer where the head is known. Reference head characteristics that may
be edited in this property sheet include the X and Y coordinates of the reference
location, the head value, and the magnitude and direction of the regional hydraulic
gradient. The angle of the regional gradient is entered in degrees with zero degrees
representing East, 90 degrees is North, etc. The regional gradient is dimensionless

(ft/ft).
Head:

Gradient:

Angle:

Display Parameters

Color:

Size:

Spatial Parameters

X:

Y:

The value for hydraulic head at a point from which to
calculate initial head matrix

The value for representing the change in hydraulic
head with distance used to calculate the initial head
matrix

The angle of rotation used to calculate the initial head
matrix.

The color used to display the reference head symbol
on the map

The size in map units of the reference head symbol
on the map

The x-coordinate of the point at which the value of
hydraulic head is being set

The y-coordinate of the point at which the value of
hydraulic head is being set
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Model Information §|

Sn:nluti-:nn] Feference Head Fecharge l Flaw ] Transpar 4 | ¥

Huydraulic Parameters

Biate: |0 E Angle: |0 E
Dizplay Parameters

Color: | B T j

Spatial Parameters

. |2000 H
L 2000 H

2000 E
2000 E

2k, | Cancel | | Help |

The Recharge tab is used to change the characteristics of the recharge rate and
location of the recharge ellipse for selected flow models. The property sheet allows
you to specify the recharge rate (e.g., ft/d), the angle of the recharge ellipse axis
(zero degrees is parallel to the X axis), the X and Y coordinates of the center of the
ellipse, and the axes lengths (a and b) of the ellipse. Note that the size of the ellipse
does not affect the ultimate shape of the water table mound that develops in response
to recharge. Only the aspect ratio (a/b) effects the shape of the recharge mound.

1=

I

Recharge is currently only used in the steady-state WinFlow model and the WinTran
model. It is primarily for regional simulations in which model boundaries are
simulated with wells and linesinks. In this case, the recharge then creates water table
divides and mounds between these regional features. Recharge should not be used
for small-scale models such as those used to simulate remediation systems around
gasoline stations and other similar sites.

Hydraulic Parameters
Rate Sets the recharge rate in units of length/time

Angle Set the angle of the recharge ellipse axis (zero
degrees is parallel to the X axis)

Display Parameters

Color: The color used to display the recharge ellipse on the
map

Spatial Parameters

X: The x-coordinate of the center point of the ellipse
Y: The y-coordinate of the center point of the ellipse
a: The x-axis length of the ellipse
b: The y-axis length of the ellipse

NOTE: Only the aspect ratio (a/b) effects the shape of the recharge mound.
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Model Information §|

Sn:nluti-:nn] Reference Head] Fiecharge Farameters IHES L

Huydraulic Parameters

Tranzrmizzivity "999-5":I3 H Eﬁ
Starage coefficient |D-DDD999933 H Eﬁ
Farticle Tracking Parameters

Aquifer Thickness |-I 0o H
Porosity ||:'-3 E

Cancel Help

check-box controls whether the adjacent parameter is fixed, held constant, during
optimization. The lower check-box controls whether the particular parameter is
linked to another parameter within the document. Linked parameters are not editable
and share both value and units with the parameter to which they are linked.
Furthermore, linked parameters are forced to be fixed.

Hydraulic Parameters

Transmissivity Value to use for transmissivity
Storage coefficient Value to use for storage coefficient
Particle Tracking Parameters

Aquifer Thickness Value to use when converting transmissivity to
hydraulic conductivity for the purpose of calculating
flow velocities for particle tracking

Porosity Value to use for porosity for the purpose of
calculating flow velocities for particle tracking

NOTE: These example parameters are specific to the Theis, 1935 analysis.
Additional parameters and/or parameter pages may appear in this area
depending upon the type of aquifer test analysis specified.
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Model Information P§|

Refererce Head] Hecharge] Parameters Results l Exced |

Huydraulic Parameters

Tranzrizaivity "999-5":I3 H Eﬁ
Storage coefficient |D-DDD999933 H Eﬁ
Farticle Tracking Parameters

Aquifer Thickness |-I 0o H
Porosity ||:'-3 E

2k, | Cancel Help

Hydraulic Parameters

Transmissivity Calculated value for transmissivity
Storage coefficient Calculated value for storage coefficient
Particle Tracking Parameters

Aquifer Thickness Value used when converting transmissivity to
hydraulic conductivity for the purpose of calculating
flow velocities for particle tracking

Porosity Value used for porosity for the purpose of calculating
flow velocities for particle tracking

NOTE: These example parameters are specific to the Theis, 1935 analysis.
Additional parameters and/or parameter pages may appear in this area
depending upon the type of aquifer test analysis specified.
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Model Information

X
Al

Hecharge] Parameters] Fiesultz Exceptions l
Parameter Tranzmizsiviby
Yalue |nformation
Initial  |999.903 [ Fixed Value
Calculated |399.903 |_
R anage Infarmatian
[v Enfarze Minimurn |D
[ Enforce Magimum |0
2k, | Cancel | Help

Parameter
Value Information
Initial

Fixed Value

Calculated
Linked Value

Range Information

Enforce Minimum

Enforce Maximum

Selects the parameter to edit

Initial guess to use for the selected parameter

If checked, the value is fixed for the selected
parameter during optimization

Calculated value for the selected parameter

If checked, the value is linked to a parameter
elsewhere in the document. Linked values are linked
in both value and units and force the Fixed Value
check-box to be checked.

If checked, the adjacent value is the minimum value
allowed during optimization

If checked, the adjacent value is the maximum value
allowed during optimization

NOTE: It is often necessary to enforce minimum and maximum values for
parameters to achieve convergence on a solution.

Model

The Model menu accesses the Model Information property sheet which allows you
to change the analysis type (i.c., confined versus leaky aquifers etc.), the pumping
well, the reference head and the pertinent parameters for the simulation. The Mode!
Information property sheet is dynamic and changes depending on the specific
analysis selected. A general discussion of each tab of the property sheet is provided

below.
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Model Information

Solution | nformation

Salution l Reference Head] Parameters]

[Canfined]

X

Purnping Infarmatian

Contour Time:

Purnpirig ' ell: | Fiad-1

2&400 E

o ]

Cancel |

| Help

Solution Information

Analysis:

Pumping Information

Pumping Well:

Contour Time:

Model Information

Head:

Solution Reference Head l F'arameters]

Hydraulic Parameters

Gradient: Angle:

Defines the type of analytic solution to use when
simulating a pump test

Selects one of the available wells to serve as the
pumping well for the simulation

The time at which a head matrix and contour map
will be calculated

: g

Dizplay Farameters

Spatial Parameters

Cobr | Lme | e 100

% |0 =

o |
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The Reference Head tab is used to edit the characteristics of the reference head for
simulation documents. The reference head represents one location within the aquifer
where the head is known. Reference head characteristics that may be edited in this
property sheet include the X and Y coordinates of the reference location, the head
value, and the magnitude and direction of the regional hydraulic gradient. The angle
of the regional gradient is entered in degrees with zero degrees representing East, 90
degrees is North, etc. The regional gradient is dimensionless (ft/ft).

Head: The value for hydraulic head at a point from which to
calculate initial head matrix

Gradient: The value for representing the change in hydraulic
head with distance used to calculate the initial head
matrix

Angle: The angle of rotation used to calculate the initial head
matrix.

Display Parameters

Color: The color used to display the reference head symbol
on the map

Size: The size in map units of the reference head symbol
on the map

Spatial Parameters

X: The x-coordinate of the point at which the value of
hydraulic head is being set

Y: The y-coordinate of the point at which the value of
hydraulic head is being set

Model Information §|

Su:uluti-:un] Fieference Head  Parameters l

Well Parameters
Badial distance [r) | H
Pumping rate [3] ||'I oo H

Hydraulic Parameters
Transmizsivity [T) |-I 500 H
Storage coefficient [S] |I:I_I:II:II:I‘I H

k. | Cancel Help

Well Parameters

Radial distance (1) In a simulation, this parameter is not used and is
inactive
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Pumping Rate (Q) The constant pumping rate to use during the

simulation
Hydraulic Parameters
Transmissivity Value to use for transmissivity
Storage coefficient Value to use for storage coefficient

NOTE: These example parameters are specific to the Theis, 1935 analysis.
Additional parameters and/or parameter pages may appear in this area
depending upon the type of aquifer test analysis specified.

Site

The Site menu allows you to specify information describing the aquifer test site,
including job number, client, etc. The menu item activates the Site Information
property sheet. You may also specify the parameters describing each well used in
the test, as described below.

Site Information E

l Wiellz ] Uzer ]

Site Designator |
Site Information

Job Humber |

Bt |

Site Name |

Additional Infa.

] 4 | Cancel Help

Site Designator User field that appears in the summary report and can
be used to annotate a graph or map view.

Site Information

Job Number User field that appears in the summary report and can
be used to annotate a graph or map view.

Client User field that appears in the summary report and can
be used to annotate a graph or map view.

Site Name User field that appears in the summary report and can
be used to annotate a graph or map view.
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Additional Info: User field that appears in the summary report and can
be used to annotate a graph or map view.

Site Information f's_<|

Well Designatar; | MN-1 j

Congtruction Parameters

Casing Inner Diameter IDE—E
Diameter of Drilled Hole IDE—E
Screen Length |3—E
Screen Top Depth o H

Spatial Parameters

s |10 B v |300 =i

0k, | Cancel Help

Well Designator: Specifies which well is being edited
Construction Parameters

Casing Inner Diameter The inner diameter of the well casing
Diameter of Drilled Hole The diameter of the drilled hole
Screen Length The length of the well screen

Screen Top Depth The depth to top of the well screen relative to the top
of the aquifer

Spatial Parameters
X: The x-coordinate of the well location in map units
Y: The y-coordinate of the well location in map units

NOTE: This tab is only shown when wells have been defined in the map view.
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Site Information

....................

Ilzer Fields

1 UserField 1 |
2 U= |
2 Usze| Save as Default |
4 User Fiekl 4 |
5 User Fiekd 5 |
§ UserFisklB |
7 UserField 7 |
8 UserFiek8 |
9 UserFiekd3 |

0k, | Cancel Help

x)

The User tab contains customizable parameter boxes which allow the input of a wide
range of user specified data or text items. Each field initially has a default name
which can be changed. Place the cursor over the field name to be changed and right
click the mouse. On the context menu displayed, select Edit and enter the new name
required. Click on OK and the new name will be saved. The required information
can then be entered into the input section of each box.

Information entered in these fields can be accessed in footers/headers, figures and
parameter boxes displayed on graphical output.

Aquifer Test

Selecting the Aquifer Test menu displays the Aquifer Test Information property
sheet; this property sheet allows you to enter data defining the test you performed,
including a description of the test, the pumping rate history for the test, wells that
were monitored during the test, and the time-drawdown data for each well. A subset
of the nine potential tabs will be displayed depending on the document type and data.
The Aquifer Test Information property sheet is described below.
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Aquifer Test Information

Test lPumping] WellData] Uzer ]

Test Designator ||

T est Infarmatian

Jaob Murmber |

D ate |

Area Mame |

Additional Info.

0k, | Cancel Help

x)

Test Designator: User field that appears in the summary report and can
be used to annotate a graph or map view.

Test Information

Job Number User field that appears in the summary report and can
be used to annotate a graph or map view.

Date User field that appears in the summary report and can
be used to annotate a graph or map view.

Area Name User field that appears in the summary report and can
be used to annotate a graph or map view.

Additional Info User field that appears in the summary report and can
be used to annotate a graph or map view.
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Aquifer Test Information

Teszt
Pumpirg ‘el
Whell Mame

Pumping R ate

b onitoring el
el Mame

F1
0.547 E

[ “ariable Pumping B ate

H30

R adial Diztance |3|:I E

x)

Fumping lWeIIData] U zer ]

Cazing Inner Diameter 0.3 E
Diameter of Drilled Hole 05 E
"
C—

Screen Length

Screen Top Depth

Cazing Inner Diameter 05 E
Dijameter af Drilled Hole 05 E
E—
o H

Screen Length

Screen Top Depth

o |

Cancel | | Help |

Pumping Well

Well Name

Pumping Rate
Variable Pumping Rate

Casing Inner Diameter
Diameter of Drilled Hole
Screen Length

Screen Top Depth

Monitoring Well
Well Name

Radial Distance

Casing Inner Diameter
Diameter of Drilled Hole
Screen Length

Screen Top Depth

Name of the pumping well.
Well discharge rate.

Set this check box to activate a variable pumping rate
analysis. An additional Rates tab will be added to
the property sheet for entering the pumping rates.

The inner diameter of the pumping well casing.
The diameter of the pumping well drilled hole.
The length of the pumping well screen.

The depth to top of the pumping well screen relative
to the top of the aquifer.

Name of the monitoring well.

Distance between the monitoring well and the
pumping well.

The inner diameter of the monitoring well casing.
The diameter of the monitoring well drilled hole.
The length of the monitoring well screen.

The depth to top of the monitoring well screen
relative to the top of the aquifer.

NOTE: The Pumping tab is displayed as shown above when no wells have been
defined in the site map.
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Aquifer Test Information E|

Test  Pumping IWEHS ] WellData] U zer ]

Fumping el P hd
Pumping F ates
Time Pumping Rate |+
(sec) {galimin) L
0 49 BRETY

-~ m| &= W=

e
+

0k, | Cancel Help

Pumping Well Select the well pumped during the test
Pumping Rates

Time The time coordinate of the pumping
Pumping Rate The discharge rate at the specified time

NOTE: The Pumping tab is displayed as shown above when wells have been
defined in the site map.
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Aquifer Test Information

Test  Pumping l Wwiell Data ] User ]
Fumping el ||
Pumping F ates
Time Pumping Rate |+
{min) {cu mid) -
1 |0 1306
2 (180 1693
3 [360 2423
4 (540 3261
5 (720 4094
B (900 5018
¥ +
«| | +
0k, | Cancel Help
Pumping Well The name of the well pumped during the test
Pumping Rates
Time The starting time coordinate of the pumping step
Pumping Rate The discharge rate during the pumping step

NOTE: The Pumping tab is displayed as shown above when the active
document is a Step Test document.
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Aquifer Test Information E|

Test  Pumping IWEHS ] WellData] U zer ]

Fumping el P hd
Pumping F ates
Time Pumping Rate |+
{min}) {cu mi) =
1 |0 Taa
2 1830 0
3
4
g
4]
7 +
«[ +

0k, | Cancel Help

Pumping Rates
Time The starting time of the pumping rate
Pumping Rate The pumping rate at the specified time

NOTE: The Rates tab is displayed as shown above when no wells have been

defined in the site map and Variable Pumping Rate has been checked
on the Pumping tab.
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Aquifer Test Information

Test ]Pumping Wwellz lWeIIData] U zer ]

Awailable ‘el b onitored Wells
Pl Add >

N-2
sddalss | [N

<< Remaove

<< Remave All

:

0k, | Cancel Help

Available Wells Contains wells that are not being monitored
Monitored Wells Contains wells that are being monitored
Add>> Moves the currently selected well from the Available

Wells list to the Monitored Wells list

Add All>> Moves all wells from the Available Wells list to the
Monitored Wells list

Remove>> Moves the currently selected well from the
Monitored Wells list to the Available Wells list

Remove All>> Moves all wells from the Monitored Wells list to the
Available Wells list

NOTE: The Wells tab is only shown when at least one well has been defined in
the map view
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Aquifer Test Information

Test  Wel lWeIIData]Llser ]
Test well

Wwell M ame East el Casing lnmer Diameter (0152 E
Diameter of Drilled Hole |0-24 E

Iritial Digplacement Screen Length 4.5 E
0.235031 E Screen Top Depth 094 E

0k, | Cancel Help

x)

Test Well

Well Name Name of the well being tested

Initial Displacement The maximum change in water level caused by the
slug

Casing Inner Diameter The inner diameter of the pumping well casing.

Diameter of Drilled Hole The diameter of the pumping well drilled hole.
Screen Length The length of the pumping well screen.

Screen Top Depth The depth to top of the pumping well screen relative
to the top of the aquifer.

NOTE: This tab is only displayed when a Slug Test document is active.
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Aquifer Test Information

x)

Test ] Pumping] well:  well Data l U zer ]

Time Drawdown |+
(min) (ft L

1 (1 0.66

2 (1.5 n.s87y

3 (2 0.9a

4 (245 1.1

g (3 1.21

B (4 1.36

¥ |5 1.48

g |6 1.549

9 (8 1.75 +

A[r 5 MatchData 5 HA /W-2 % N3 F el T+

0k, | Cancel | | Help |

Time

Drawdown

The time coordinate of the monitoring well response

The drawdown of the monitoring well response

NOTE: The Well Data tab appears as shown above when at least one well has
been defined as monitored in the Wells tab. If no wells are designated
as monitored, only the Match Data tab is displayed.
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Aquifer Test Information

Test ] Pumping ‘well Data l U zer ]
Time Drawdown Weight Symbol |+
{minj) {my} =
1 (0.1 0.04 1 b
2 |0.25 n0.0a 1 o
3 (0.4 013 1 =
4 (0.7 n.1a 1 o
a (1 023 1 =
B (1.4 n.za 1 -
T [1.9 0.33 1 o
g [2.33 0.36 1 >
g (2.8 0.349 1 ot s
AT match pata [/ el [»
0k, | Cancel | Help

The Match Data tab, shown above for a simple test, allows the user to alter the
weighting and/or symbol on each data point. Increasing the weighting factor
progressively reduces the influence of a data point when using the Marquardt
(modified Gauss-Newton) nonlinear least-squares technique. Weighting is relative
to the inverse square of the weight value. A value greater than or equal to 100
removes the data point from consideration in a linear regression analysis.

Time The time coordinate of the monitoring well response

Drawdown The drawdown of the monitoring well response

Weight The weight applied to the data point as described
above

Symbol Displays the symbol used to display the data point on
graphs

The symbol is edited by double clicking the mouse on the spreadsheet cell or setting
focus on the cell and pressing the Spacebar key. The Symbol Information property
sheet shown below is then displayed.
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Symbol Information

Symbol l

Syrnbal Style

Color " Thickness |* point =

X

Symbaol | Size |8 point -
k. | Cancel | Help |

Symbol Style

Color

Thickness

Symbol

Size

The color of the symbol displayed at each
time/drawdown data point.

The line thickness used to draw the symbol displayed
at each time/drawdown data point.

The symbol displayed at each time/drawdown data

point.

The size of the symbol displayed at each
time/drawdown data point.

Aquifer Test Information

szer Fields

1 UsgerField 1
2 UserField 2
3 UszerField 3
4 Uszer Field 4
5 UserField 5
& UserFicld &
7 UszerField 7
8  UszerField 8
9  UserField 9

Test ]Pumping]WellData Uszer l

X]

o ]

Cancel

Help

The User tab contains customizable parameter boxes which allow the input of a wide
range of user specified data or text items. Each field initially has a default name
which can be changed. Place the cursor over the field name to be changed and right
click the mouse. On the context menu displayed, select Edit and enter the new name
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required. Click on OK and the new name will be saved. The required information
can then be entered into the input section of each box.

Information entered in these fields can be accessed in footers/headers, figures and
parameter boxes displayed on graphical output.

Simulation

Selecting the Simulation menu displays the Simulation Information property sheet;
this property sheet allows you to define monitoring wells for which you want to
calculate time/drawdown data. The Simulation Information property sheet is
described below.

Simulation Information fgl

Test |'wels | wel Data|

Test Designator |

T est Infarmation

Job Murmber |97C0255
Date [10/16/97
frea Mame 15th Hole
Additional Info.

Pump Test Simulation

0k, | Cancel Help

Test Designator: User field that appears in the summary report and can
be used to annotate a graph or map view.

Test Information

Job Number User field that appears in the summary report and can
be used to annotate a graph or map view.

Date User field that appears in the summary report and can
be used to annotate a graph or map view.

Area Name User field that appears in the summary report and can
be used to annotate a graph or map view.

Additional Info User field that appears in the summary report and can
be used to annotate a graph or map view.
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Simulation Information

Test ‘wels l wiell Data ]
Axailable ‘el Monitored Wells
bef'-4
A Add Al >
<< Hemove |
<< Remave All |
0k, | Cancel Help
Available Wells Contains wells that are not being simulated
Monitored Wells Contains wells that are being simulated
Add>> Moves the currently selected well from the Available
Wells list to the Monitored Wells list
Add All>> Moves all wells from the Available Wells list to the
Monitored Wells list
Remove>> Moves the currently selected well from the
Monitored Wells list to the Available Wells list
Remove All>> Moves all wells from the Monitored Wells list to the

Available Wells list
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Simulation Information

Test |wels ‘WelData |

Time
(sec)

[+

0.1
01z
015
nz
0.25
0.3
0.35
0.4

0.5 +
A e[t simulation Times [/ MALT % MAL2 S [[«] [

oL T et I o I I S O |

0k, | Cancel | | Help |

Time The time coordinate at which to calculate well
responses

NOTE: The Simulation Times tab is used to define the specific times at which to
calculate drawdown in all the simulated wells. Changes to the times
take effect the next time you calculate the simulation.

Simulation Information E|
Test ] wiell: el Data l
Time Drawdown +
(sec) (ft)
a0 | 700 000674651
51 |800 0011732
52 1900 0.0182203
53 1000 00261124 :I
54 11200 0.0455367
55 11500 0.03145313
g6 12000 0151848
a7 |2500 0227024
a8 |3000 0302291 *
[ s Simulation Times MwW-1 [ ez 7 el [+
0k, | Cancel | | Help |
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Time The time coordinate of the simulated well response

Drawdown The drawdown of the simulated well response

Analysis

Selecting the Analysis menu displays the Analysis Information property sheet that
allows you to document the current analysis and to determine how data from
monitoring wells is to be analyzed. The parameters you may modify are described
below.

Analysis Information PE|

Analysis l b atch Data] Uzer ]

Analyziz Dezsignatar |

Analyziz Information

Job Humber |

D ate |

Analypzgt M ame |

Additianal Infa.

Pumping Information

* Calculate Time Average Pumping |35.E E
" Usze First Pumping R ate |35.B H
" Specify Pumping B ate ||:| E

" %ariable Pumnping Fate

ak. | Cancel Help

Analysis Designator User field that appears in the summary report
and can be used to annotate a graph or map view.

Analysis Information

Job Number User field that appears in the summary report
and can be used to annotate a graph or map view.

Date User field that appears in the summary report
and can be used to annotate a graph or map view.

Analyst Name User field that appears in the summary report
and can be used to annotate a graph or map view.
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Additional Info

Pumping Information

Calculate Time Average Pumping
Use First Pumping Rate
Specify Pumping Rate

Variable Pumping Rate

Analysis Information

Analysiz  Match Data l E ]

Well Designatar:

b atch D ata Information
" Include Well In Match Data
o+ |nclude well lndisidually

" Exclude well

Drata Transfarmation

Time Scale
Drawdown Scale

Symbol Style

[ Adjust D ata for Radial Distance

M
C—"

User field that appears in the summary report
and can be used to annotate a graph or map view.

Pumping rate used in the analysis is calculated as
a time average of the pumping schedule.

The first pumping rate in the pumping schedule
is used for the analysis.

The pumping rate used in the analysis is
specified in the adjacent field.

The variable pumping rate defined for the
pumping schedule is used

IE-25a-#1
[ ata Clipping
[ Min. Time 0 E
[ Maz Time 0 E

[ Min. Drawdown |0 E
[ Max Drawdown |0 E

Offeet |0 &)
Offset |0 &)

Cilar |- Elue
Symbol + -

Thicknezz |}5 point "l
Size |9 point "l

[

o ]

Cancel Help

X

Well Designator:
Match Data Information

Include Well In Match Data

Specifies the monitoring well being edited.

The drawdown data is added to the Match Data
set
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Include Well Individually

Exclude Well

Adjust Data for Radial Distance

Data Clipping

Min. Time

Max. Time

Min. Drawdown

Max. Drawdown

Data Transformation
Time Scale/Offset

Drawdown Scale/Offset

Symbol Style
Color

Thickness

Symbol

Size

The well is included in the analysis
independently

The well is not included in the analysis.

The time coordinate is divided by the radial
distance squared

If checked, data points whose transformed time
value is below the value in the adjacent field are
excluded from the analysis.

If checked, data points whose transformed time
value is above the value in the adjacent field are
excluded from the analysis.

If checked, data points whose transformed
drawdown value is below the value in the
adjacent field are excluded from the analysis.

If checked, data points whose transformed
drawdown value is above the value in the
adjacent field are excluded from the analysis.

Time values are multiplied by the scale value
and added to the offset value.

Drawdown values are multiplied by the scale
value and added to the offset value.

The color of the symbol displayed at each
time/drawdown data point.

The line thickness used to draw the symbol
displayed at each time/drawdown data point.

The symbol displayed at each time/drawdown
data point.

The size of the symbol displayed at each
time/drawdown data point.

NOTE: The Match Data tab appears as shown above when at least one well has
been defined as monitored in the Wells tab.
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Analysis Information

.-'f-.nal_l,lsisl Match Data  Ueer ]

Izer Fields

1 User Field 1 |
2 User Field 2 |
3 UserField 3 |
4 UserField 4 |
5 User Field 5 |
E UsarFisld 6 |
7 UserField 7 |
8 UserField 8 |
9 UserField 9 |

] 4 | Cancel Help

x)

The User tab contains customizable parameter boxes which allow the input of a wide
range of user specified data or text items. Each field initially has a default name
which can be changed. Place the cursor over the field name to be changed and right
click the mouse. On the context menu displayed, select Edit and enter the new name
required. Click on OK and the new name will be saved. The required information
can then be entered into the input section of each box.

Information entered in these fields can be accessed in footers/headers, figures and
parameter boxes displayed on graphical output.

Units

Selecting the Units menu displays the Unit Information property sheet with two tabs,
as shown below. The first tab is labeled Summary and contains the four basic
parameters and their respective units. The values represent either the program
defaults or the values previously saved as default. Under normal circumstances, you
would set the summary units once and save them as your defaults. If you always use
the same types of units in your analyses, then you never need to change these again.
Click the Save As Default check-box to do this and then click OK.

NOTE: If changes are made to both tabs of this property sheet, the values on
the Summary tab take priority.
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Unit Information

Summary ] Urits |

Time Unitg
Length Units
Purmping Rate Lnits

Tranzmizzivity Lnits

| Save Az Defaults

Idnits of Summary Groups

R -

%]

It

Lo

| cu frd

Lo

sqft/d

[ Apply Globally

| Conyert Data

Lo

Cancel

Help

o ]

Units of Summary Groups
Time Units

Length Units

Pumping Rate Units
Transmissivity Units

Save As Defaults

Apply Globally

Convert Data

Specifies the units to use for time
Specifies the units to use for length
Specifies the units to use for pumping rate
Specifies the units to use for transmissivity

The current selections are saved to the system
registry and are used as the defaults

The current selections are applied globally
throughout the current document

The existing data values are converted from the old
units to the new units
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Unit Information

X

Summary  Units l
Parameters:
[ ritg: 20 ftdd
Length Time Walume
" inches " seconds " cubic inches
+ feet " minutes {* cubic feet
" millimeters " hours " cubic millimeters
" centimeters * days " cubic centimeters
T meters £ cubic meters
" gallons
" liters
[ Apply Unitz [ Apply Globally | Conwert Data
k. | Cancel Help

Parameters: The parameter for which units are to be changed.

Units: Units for the selected parameter as they will be
displayed within the program

Length Units of length

Time Units of time

Volume Units of volume

Apply Units The current selections are applied to the currently
selected parameter for the currently selected well

Apply Globally The current selections are applied to the currently
selected parameter globally throughout the active
document

Convert Data The existing data values are converted from the old

units to the new units

Units - Mass

Selecting the Units menu displays the Unit Information property sheet with two tabs,
as shown below. The first tab is labeled Summary and contains the four basic
parameters and their respective units. The values represent either the program
defaults or the values previously saved as default. Under normal circumstances, you
would set the summary units once and save them as your defaults. If you always use
the same types of units in your analyses, then you never need to change these again.
Click the Save As Default check-box to do this and then click OK.
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NOTE: If changes are made to both tabs of this property sheet, the values on
the Summary tab take priority.

Summary ] Units |

[hitg af Surmary Groups

Time Units ha

Length Units |ft ﬂ

Pumping Rate Lnits |'3” ft/d ﬂ

Tranzmizsivity Units |3':| ft/d ﬂ

Concentration Units ||TIEI-"| ﬂ
[ Save Az Defaults [ &pply Glabally [ Corwert Data

0k, | Cancel Help

Units of Summary Groups

Time Units Specifies the units to use for time

Length Units Specifies the units to use for length

Pumping Rate Units Specifies the units to use for pumping rate
Transmissivity Units Specifies the units to use for transmissivity
Concentration Units Specifies the units to use for concentration
Save As Defaults The current selections are saved to the system

registry and are used as the defaults

Apply Globally The current selections are applied globally
throughout the current document

Convert Data The existing data values are converted from the old
units to the new units

258 e Menus and Dialogs Guide to Using AquiferWin32



Unit Information fz

Summary  Units l
Parameters: [(Eamaniee
itz mag/l
Length Tirne Yiolurne Mazz
lﬁ lﬁ " cubic inches " micrograms
" " " cubic feet f* milligrams
f_“ f_“ " cubic millimeters " grams
F F " cubic centimeters " kilograrns
lﬁ " cubic meters " punces
" gallonz " pounds
* liters
[ Apply Unitz [ Apply Globally [ Corert Data
] 4 | Cancel Help
Parameters: The parameter for which units are to be changed.
Units: Units for the selected parameter as they will be
displayed within the program
Length Units of length
Time Units of time
Volume Units of volume
Mass Units of mass
Apply Units The current selections are applied to the currently
selected parameter for the currently selected well
Apply Globally The current selections are applied to the currently
selected parameter globally throughout the active
document
Convert Data The existing data values are converted from the old

units to the new units

Units - Parameter

Selecting the Units menu from the edit field context menu displays the Unit
Information property sheet for the specific parameter. If the parameter has no mass
component, the property is as shown below.
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Unit Information

X

U rits l
[ ritg: 20 ftdd
Length Time Walume
" inches " seconds " cubic inches
{* feet £ minutes f* cubic feet
£ millimeters £ hours £ cubic millimeters
[ centimeters * days " cubic centimeters
T meters " cubic meters
" gallons
£ liters
[ Apply Globally | Convert Data
k. | Cancel Help
Units: Units for the selected parameter as they will be
displayed within the program
Length Units of length
Time Units of time
Volume Units of volume
Apply Globally The current selections are applied to the currently

Convert Data

selected parameter globally throughout the active

document

The existing data values are converted from the old
units to the new units

If the parameter has a mass component, the property is as shown below.
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Unit Information

Uit l
itz mag/d
Length Tirne Yiolurne Mazz
lﬁ " seconds '-ﬁ " micrograms
f_“ " minutes '-"“ & milligrams
f_“ " hours '-"“ " grams
F * days i " kilograrns
. e " ounces
'-"“ " pounds
~
[ Apply Globally [ Corvert Data
ITI Cancel Help
Units: Units for the selected parameter as they will be
displayed within the program
Length Units of length
Time Units of time
Volume Units of volume
Mass Units of mass
Apply Globally The current selections are applied to the currently
selected parameter globally throughout the active
document
Convert Data The existing data values are converted from the old

units to the new units

3D Manipulation

Selecting the 3D Manipulation menu from the edit field context menu allows the
manipulation of the 3D view using the mouse and keyboard. Clicking and/or
holding the left mouse button in the view causes the display to rotate in the direction
toward the cursor location. Holding the Shift button while clicking and/or holding
the left mouse button causes the display to move in the direction toward the cursor
location.

Clicking and/or holding the right mouse button causes the display to zoom in and
zoom out. If the cursor is in the upper half of the view, it will zoom out. If the
cursor is in the lower half of the view, it will zoom in. The amount of the zoom is
controlled by how far the cursor is from the vertical center of the view.
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Holding the Ctrl button while clicking and/or holding the left mouse button causes
the display to rotate around its center point. If the cursor is in the upper half of the
view, it will rotate counter clockwise. If the cursor is in the lower half of the view it
will rotate clockwise. The amount/speed of the rotation is controlled by how far the
cursor is from the vertical center of the view.

Insert

The Insert menu is only available in the spreadsheet view. Selecting Insert from the
Edit menu inserts a new data point before the currently selected row in the
spreadsheet. Aquifer" ™ automatically assigns the time and drawdown values of 1.0
so you will need to change these values before continuing with the analysis.

Append

The Append menu adds a new row of data to the end of the spreadsheet. As with
Insert above, time and drawdown are initially assigned values of 1.0.

Delete

The Delete menu deletes the currently highlighted row of the spreadsheet or the
currently selected block of rows. For a graph or map view, it deletes all selected
elements.

Sort

The Sort menu sorts the spreadsheet relative to the Time value.

Column Conversion

The Column Conversion menu displays the Unit Information property sheet that
allows you to change the units on any column in the spreadsheet. Refer to the
section entitled Units above for more information on this option.
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Unit Information

X

U rits l
Colum; Drawdowin
L rits: ft
Length Time Walume
" inches . -
{* feet e £
£ millimeters " e
" centimeters " e
T meters -
~
~
[ Apply Unitz [ Apply Globally | Convert Data
ITI Cancel Help
Column: The column for which units are to be changed
Units: Units for the selected parameter as they will be
displayed within the program
Length Units of length
Time Units of time
Volume Units of volume
Apply Units The current selections are applied to the currently
selected parameter for the currently selected well
Apply Globally The current selections are applied to the currently

Convert Data

selected parameter globally throughout the current
document

The existing data values are converted from the old
units to the new units

Solution Registration

The Solution Registration menu is only displayed for Flow Model documents and
serves to identify each model available to the application. In the future, some
models may require registration; if registration is required, the Registration tab will
be displayed on the Solution Registration Information property sheet. Although
WinTran is currently included without separate registration, it serves as an example

of the screens.
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Solution Registration Information

Solution | Registration l

Solution |nformation

k. | Cancel Help

Solution Information

Analysis: Defines the type of analytic solution to use when
simulating a pump test

Solution Registration Information

Solution  Fegistration

WinT ran Vergion 2.0
Copyeright [c] 1996-99 Ervironmental Simulations, Inc.

Securty Code; ||

Autharization Level: |Demu:unstrati-:un Wersioh j

[n order to activate the functionality of the program pou must
call Ervdironmental Simulations, Inc. and reguest a security
code. The zecurity code iz based on the System Code:
dizplayed below 20 have the code ready when you call.

System Code: H400:4LZ0 Z)90-BBKE

k. | Cancel | Help

Security Code: This is an encrypted code containing information
about your software license and the configuration of
the computer used to validate the license
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Authorization Level: The level of functionality of the application granted
by the license

System Code: This is an encrypted code containing information
about your hardware configuration used to generate a
unique Security Code

Options

The Options menu is only displayed for the spreadsheet view and controls the
default display characteristics of the spreadsheet and the columns of data contained
therein. The specific options are on the Spreadsheet Information property sheet.are

summarized below.
Spreadsheet Information

Options ] Fonts |
Spreadsheet Options

I+ Add initial row to spreadsheet

Selection Options

Grid Calor G -
Cursar Color |l Black = Cursar Hatch W -

Grid Colar [ ]white = Background Color | Black -
Text Colar [ ]white = | Tewt Background || Black -

[ Save Az Defaults I Restore System Defaults [ Update D'ata Columnns

Scroll Timer [miliseconds] |20 E

] | Canicel Help

X]

Spreadsheet Options

Add initial row to spreadsheet

Scroll Timer (milliseconds)

Grid Color

Cursor Color

Cursor Hatch

When checked, a default initial data row is added
to the spreadsheet when a new document is
created. This row is initially active to help new
users enter data for the first time.

Sets the number of milliseconds to wait between
automatic scrolling events in the spreadsheet

Sets the color to use for the grid of the
spreadsheet

Sets the color to use when displaying the cursor
indicating the currently active line

Sets the hatch pattern to use when displaying the
cursor indicating the currently active line
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Selection Options

Grid Color

Background Color

Text Color

Text Background

Save As Defaults

Restore System Defaults

Update Data Columns

Spreadsheet Information

Options  Fonts l
Drefault Title

Title Calar

Font...

Drefault Text

Text Colar

Fart...

f

R aw Mumbers

Murmber Calar

Fant...

Sets the grid color to use when a number of data
lines have been selected

Sets the background color to use when a number
of data lines have been selected

Sets the text color to use when a number of data
lines have been selected

Sets the text background color to use when a
number of data lines have been selected

When checked, the values contained in this property
sheet are stored in the system registry when the
property sheet is accepted and are used as the defaults
when an new document is created

When checked, the default system values are restored
when the property sheet is accepted; this operation
occurs before the Save As Defaults operation so
having both checked resets both the document and
the system registry

When checked, the default column characteristics
defined on the Fonts tab are propagated to the
existing columns in the spreadsheet

X]

Backaground Color

[ ] Gilver =

Arial

Backaground Color

Bl cGack - [ ]white =

Arial

G - Background Color [ Sikver =

Anal

Cancel Help

o |

Default Title
Title Color

Sets the color to use when displaying the column
title
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Background Color Sets the background color to use when
displaying the column title

Font Sets the font to use when displaying the column
title

Default Text

Text Color Sets the color to use when displaying the column

data values

Background Color Sets the background color to use when
displaying the column data values

Font Sets the font to use when displaying the column
data values

Row Numbers

Number Color Sets the color to use when displaying the
spreadsheet row number

Background Color Sets the background color to use when
displaying the spreadsheet row number

Font Sets the font to use when displaying the spreadsheet
row number

View Menu

Standard Tools

Selecting the Standard Tools menu toggles the display of the Standard toolbar. The
display position of the toolbar is dependent on where it was previously located.

Standard

S IEEYIE

@A TN

Match Tools

Selecting the Match Tools menu toggles the display of the Match toolbar. The
display position of the toolbar is dependent on where it was previously located.

Match ... B
[1et003 =] | E | ® & » @« |+ & » «

Annotation Tools

Selecting the Annotation Tools menu toggles the display of the Annotation toolbar.
The display position of the toolbar is dependent on where it was previously located.

Annotation |
o (O /[ [ mo
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Analytic Tools

Selecting the Analytic Tools menu toggles the display of the Analytic toolbar. The
display position of the toolbar is dependent on where it was previously located.

Anaptic &
@ 7 A O A A F

Step Tools

Selecting the Step Tools menu toggles the display of the Step toolbar. The display
position of the toolbar is dependent on where it was previously located.

Step ]

IStt:p1 vI| w o =

Toolbar Options

Selecting the Toolbar Options menu activates the Toolbar Options property sheet
described below.

Toolbar Options E|

Toolbar Options l

Digzplay Options
[v Standard Tool: W Step Tool: W Annctation Tools

[v Status Bar [v Match Tool: W Analtic Tools

Style Optioniz

" Rebar Style (¢ Momal Style [ Muli-Dock

[ FlatButtonz: W Toolips [v Bitmap Menus

k. | Cancel Help

Display Options

Standard Tools When checked, the Standard Tools toolbar is
displayed

Step Tools When checked, the Step Tools toolbar is displayed

Annotation Tools When checked, the Annotation Tools toolbar is
displayed

Status Bar When checked, the Status Bar is displayed

Match Tools When checked, the Match Tools toolbar is displayed

Analytic Tools When checked, the Analytic Tools toolbar is
displayed
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Style Options
Display Parameters

Rebar Style Specifies Rebar Style toolbars which are aligned
along the top adjacent to one another and wrap to
additional lines as the window size changes

Normal Style Specifies individual, dockable toolbars

Multi-Dock When checked, multiple toolbars can be combined
into on floating toolbar frame; Not available for
Rebar style or with flat buttons

Flat Buttons Specifies using the new flat looking toolbar buttons
Tooltips When checked, tooltips are active on toolbar buttons
Bitmap Menus When checked, the corresponding toolbar button

bitmaps are displayed adjacent to menu items

Status Bar

Selecting the Status Bar menu toggles the display of the status bar.

For Help, press F1 | Optimized | T =13307.3 |5 = 9.8486e-005 | /8 = 0.0457813 [0.05 |vaid
Optimize

The Optimize menu is only displayed when the spreadsheet view is active. This
menu causes the width of the spreadsheet columns to be optimized for best viewing.
The width of each column is adjusted to be just wide enough to fully display the title
and all data values in the column.

Columns

The Columns menu is only displayed when the spreadsheet view is active. This
selection displays the Spreadsheet Information property sheet where you can
determine which columns of the spreadsheet are displayed. Additionally, the
properties of each column can be modified via the Column Characteristics tab.
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Spreadsheet Information

Available Columns

Syrnbal

Wwieight

X)

: Calumns l Colurnn Characternistics ]

Dizplayed

append >> |

Y

Inzert »»

<< Bemove

g

&M

] | Canicel Help

Available Columns
Displayed
Add >>

Insert >>

<< Remove

Contains columns that are available to be displayed
Contains columns that will be displayed

Moves the currently selected column from the
Available Columns list to the bottom of the Displayed
list

Moves the currently selected column from the
Available Columns list to the Displayed list located
above the selected column in the Displayed list

Moves the currently selected column from the
Displayed list to the Available Columns list

Exchanges the currently selected column in the
Displayed list with the one above it

Exchanges the currently selected column in the
Displayed list with the one below it
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X)

Spreadsheet Information

Columnz i Colurn Charactenstics l

Colurnn: |S_I,Im|:u:u| j
Title
Colurmn Title: |Spmbel
Title Calar: |- Elack j
Fant... Arial
Data

Justification:  |LEFT ~|  Colurmn width: |65 H Optinize
Data Colar: |- Black j

Fant... Arial
] | Canicel Help

Column Select the current column to be edited

Title

Column Title Sets the column title to be displayed on the
spreadsheet

Title Color Sets the color use when displaying the column title

Font Defines the font, font style, size, effects and color for
the column title

Data

Justification Sets justification of the data values within the column

Column Width Sets the width in pixels of the column

Optimize Automatically sets the width of the column to be just
wide enough to display the longest data value and the
column title

Data Color Sets the color use when displaying the column data
values

Font Defines the font, font style, size, effects and color for
the data values in the column

Well Data

The Well Data menu is only displayed when either the spreadsheet view or the Test
Simulator view is active. This menu toggles whether the spreadsheet contains
separate tabs for data from each of the monitored wells. In a Simulation document
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the menu toggles whether separate view tabs are available displaying simulated
drawdown versus time graphs for all wells simulated.

When you click on the tab containing the data for a particular well instead of the
Match Data tab, Aquifer" ™ displays drawdown versus time data on the graph
view. When the Match Data tab is clicked, however, the graph view changes to
contain the data plotted over the type curve(s).

Clip Data

The Clip Data menu is only displayed when a graph view is active. This menu
toggles whether data beyond the edges of the graph are clipped (not displayed). In
the Match Data graph view, the data symbols are clipped. In the predicted graph,
the observed data points and predicted drawdown versus time curves are clipped.

Automatic Refresh

NOTE: This menu is only shown for map views.

The Automatic Refresh menu selection determines whether Aquifer™™? will

redraw the window each time a dialog or property sheet is displayed or the window
is resized, zoomed, or changed in any way. A checkmark appearing next to Auto
Refresh means that the display is redrawn after every action that changes the
display. Click on this menu to toggle the option on or off (with or without the
checkmark). The default condition is Auto Refresh on. You may want to turn Auto
Refresh off if you are making a lot of changes and your map is large. On a fast
computer (e.g., Pentium), the refresh is fast enough that you probably will not care.

Refresh

NOTE: This menu is only shown for map views.

Selecting Refresh from the View menu causes the map window to be redrawn. You
would use this feature if you have turned the Auto Refresh off (see last section) and
the screen needs to be redrawn after a scroll or other action. You may also use the

Standard toolbar button.

Scroll and Page
NOTE: This menu is only shown in map views.

Selecting Scroll or Page from the View menu displays a third menu with the
following selections: Left, Right, Up, and Down. Select which direction the current
model window will be scrolled. The only difference between Scroll and Page is the
distance that is scrolled. Scroll moves the display a short distance and Page moves
the display a larger distance.

Zoom

NOTE: This menu is only shown in map views.

The Zoom menu allows you to magnify a point on the current display. After
selecting Zoom from the View menu, you must click on a point with the mouse (or
use the cursor keys followed by the Enter key). A dialog is displayed where you can
change the coordinates of the magnification point and the degree of magnification.
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A zoom value greater than 1 causes the display to be magnified and a value less than
1 causes more of the map to fit in the current window.

Window

NOTE: This menu is only shown in map views.

Select Window from the View menu to drag a rectangular region of the map that
will be magnified to fit within the current display. After selecting Window, click on
a point and drag a box to cover the area of interest. Release the mouse button and a
dialog allows you to edit the coordinates of the corners of the box. Click OK to
accept the values and redraw the display.

Full

NOTE: This menu is only shown in map views.

The Full menu contains two submenu choices, labeled Screen and Printer. Choose
the Screen menu to display the full map window within the current window on your
screen. By default the map window contains your full base map. Choose the
Printer menu to make sure that the full map window will fit on a single printed
page. This effect can also be achieved using the File->Page Setup menu and
checking the Size to Page check-box. You may change the size of the current map
window by selecting Options->Map->Window.

Display Bounds
NOTE: This menu is only shown in map views.

The Display Bounds menu selection indicates whether the coordinates of the current
window will be displayed in the corners of the display.. A checkmark appearing on
the menu next to the selection means that these coordinates will be displayed. Click
on the menu selection to toggle the checkmark on and off.

Reference Head

NOTE: This menu is only shown in Simulation and Flow Model documents.

The Reference Head menu indicates whether the arrow for the reference head will
be displayed. A checkmark appearing on the menu next to the selection means that
the reference head will be displayed. Click on the menu selection to toggle the
checkmark on and off.

Recharge Ellipse
NOTE: This menu is only shown in Flow Model documents.

The Recharge Ellipse menu indicates whether the recharge ellipse will be displayed.
A checkmark appearing on the menu next to the selection means that the reference
head will be displayed. Click on the menu selection to toggle the checkmark on and
off.

Display Map

NOTE: This menu is only shown in map views.
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The Display Map menu selection indicates whether the base map will be displayed.
A checkmark appearing on the menu next to the selection means that the map will be
displayed. Click on the menu selection to toggle the checkmark on and off.

Head Contours

NOTE: This menu is only shown in Flow Model documents.

The Head Contours menu selection indicates whether the head/drawddown contours
will be displayed. A checkmark appearing on the menu next to the selection means
that the contours will be displayed. Click on the menu selection to toggle the
checkmark on and off.

Display Color Flood
NOTE: This menu is only shown in map views of Flow Model documents.

The Display Color Flood menu selection indicates whether a color flood map of
drawdown or hydraulic head will be displayed. A checkmark appearing on the
menu next to the selection means that the map will be displayed. Click on the menu
selection to toggle the checkmark on and off.

Predicted

The Predicted menu is only displayed in a graph view and is only active in the
Predicted tab view. This menu toggles whether the predicted time versus drawdown
curves are calculated and displayed on the graph. In cases where it takes a long time
to calculate the predicted drawdown versus time curves, it is convenient to turn this
option off while manipulating the graph.

Default Legend

The Default Legend menu is used to toggle on/off the display of the default legend
for the currently selected view/analysis combination. If no default legend has been
saved, nothing will be displayed. Default legends are stored on the computer
containing the software. If the document is moved to a different computer different
default legends will be displayed. If you want to save the default legend with the
document on any system, click on the legend to select it, click the Edit->Copy
menu, click the View->Default Legend menu to turn off the default legend and click
the Edit->Paste menu and save the document. Now the legend is part of the
document.

Reset 3D

The Reset 3D menu is used recenter the 3D perspective view. This is sometimes
required when changes have been made via the Contour Options property sheet or on
screen editing.

Full Screen

The Full Screen menu is only displayed in a graph view and is only active in the
match view. It is used to blow up the match view to use the entire computer screen.
Everything is removed except a version of the match toolbar that contains a full
screen button to go back to normal viewing.
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Add Menu

The Add menu is for all views except the spreadsheet. These menus can also be
selected from the Annotation and Analytic toolbars shown below.

Annatation |
e O [ ] mo

Analtic _______H|
@ 7 A O AR

Title

Select the Title menu or choose the button on the Annotation toolbar to add text
to the view. Move the cursor to the point where the text will be inserted and click
the left mouse button or press the Enter key. The Title Information property sheet is
presented prompting for the pertinent display characteristics. The x-coordinate and
y-coordinate of the point are also provided in case you would like to override the
values obtained from setting the location with the mouse or keyboard. In graph
views, the coordinates are in inches from the lower left corner of the plot; in map
views, the coordinates are in map units. Any number of titles may be added. Titles
may also be embedded in Frames and Legends.
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X)

Title Infarmation

Title ]

Tile |
Dizplay Parameters

Color: Angle: Alignment;

|-E|a|:k j ||:I H |LEFT j
Fant... Anal

Spatial Parameters

s |34B3.54 v |B117.149 E
2k, | Cancel | Help |

Title The text to display

Display Parameters

Color The color to use when displaying the text

Angle The angle to rotate the text around the location point

Alignment The alignment of the label relative to the location
point

Font Defines the font, font style and size of the text

Spatial Parameters

X: The x-coordinate of the title location in the proper
units

Y: The y-coordinate of the title location in the proper
units

Parameter

Select the Parameter menu or choose the button on the Annotation toolbar to
add parameter text to the view. Move the cursor to the point where the text will be
inserted and click the left mouse button or press the Enter key. The Parameter
Information property sheet is presented prompting for the pertinent display
characteristics. The x-coordinate and y-coordinate of the point are also provided in
case you would like to override the values obtained from setting the location with the
mouse or keyboard. In graph views, the coordinates are in inches from the lower left
corner of the plot; in map views, the coordinates are in map units. Any number of
parameters may be added. Parameters may also be embedded in Frames and
Legends.
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Parameter. Information

Parameter l

P arameter: |

Dizplay Parameters

Fart... Aurial

Murmernic Parameters
Farrmat: DEFAULT i

Spatial Parameters

+1- Solution [nformation
Colar; Angle: Alignment: - Site |nfarmation
|- Black j ||:| E |LEFT j + Testlr'!fcurmatinn.

+- dnalysiz Information
Dizplay: ¥ Title v alue v Units +|- Page Information

Current whell
+- el Hame
- Analyziz Parameters
+- Radial Distance
+- Pumping Fate
R T ransmizzivity
795775 =g ft/d
+]- Storage Coeffizient
+- Specific Wells

Precizion: |0 E

we [4.54 e |3.98 E
] 4 | Cancel Help
Parameter: A reference to the parameter to be displayed

Display Parameters
Color
Angle

Alignment

Display Title
Display Value
Display Units

Font

Numeric Parameters
Format:

Precision:

Spatial Parameters

X:

Y:

determined by the current selection in the tree control

The color to use when displaying the text
The angle to rotate the text around the location point

The alignment of the label relative to the location
point

If checked, the title of the parameter is displayed
If checked, the value of the parameter is displayed

If checked, the unit string of the parameter is
displayed

Defines the font, font style and size of the text

The format to use when displaying numeric values

The number of digits after the decimal point

The x-coordinate of the parameter location in the
proper units

The y-coordinate of the parameter location in the
proper units
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Symbol

Select the Symbol menu or choose the @ button on the Annotation toolbar to add
a symbol to the view. Move the cursor to the point where the symbol will be
inserted and click the left mouse button or press the Enter key. The Symbol
Information property sheet is presented prompting for the pertinent display
characteristics. The x-coordinate and y-coordinate of the point are also provided in
case you would like to override the values obtained from setting the location with the
mouse or keyboard. In graph views, the coordinates are in inches from the lower left
corner of the plot; in map views, the coordinates are in map units. Any number of
symbols may be added. Symbols may also be embedded in Frames, Legends and
Header/Footer elements.

Symbol Information g|

Symbol l

Symbol Style

Colar: |- Black. j Thickneszs: | ¥ point -
Symbal | [] - Size: |10 paint -

Spatial Parameters

x [3es A CE

k. | Cancel | Help |

Symbol Style

Color The color to use when displaying the symbol
Thickness The line thickness to use when displaying the symbol
Symbol The symbol to display

Size The size of the symbol in points

Spatial Parameters

X: The x-coordinate of the symbol location in the proper
units

Y: The y-coordinate of the symbol location in the proper
units

Line

Select the Line menu or choose the button on the Annotation Toolbar to add a
line to the view. Move the cursor to the point where the line will start, click and hold
the left mouse button or press and hold the Shift key and press the Enter key. Drag
the mouse or use the arrow keys to move the cursor to the point where the line
should end and release the left mouse button or the Shift key. The Line Information
property sheet is presented prompting for the pertinent display characteristics. The
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x-coordinate and y-coordinate of both end points are also provided in case you would
like to override the values obtained from dragging the line with the mouse or
keyboard. In graph views, the coordinates are in inches from the lower left corner of
the plot; in map views, the coordinates are in map units. Any number of lines may
be added. Lines may also be embedded in Frames, Legends and Header/Footer
elements.

Line Information E|
Line l
Line Shyle
Calar Thickness m

Dazh |—j Length (R3] E

Spatial Parameters
Start 3 |2-46 Start'y: |4-46

Endi: |3.74 Endy: |3.52

k. | Cancel | Help |

Line Style

Color The color used to display the line

Thickness The thickness in points of the line

Dash The dash pattern to use for the line

Length The length in inches of the dash pattern for the line

Spatial Parameters

X1: The x-coordinate of the first end point of the line
Y1: The y-coordinate of the first end point of the line
X2: The x-coordinate of the second end point of the line
Y2: The y-coordinate of the second end point of the line
Frame

Select the Frame menu or choose the IEI button on the Annotation Toolbar to add
a frame to the view. Move the cursor to the first corner of the frame, click and hold
the left mouse button or press and hold the Shift key and press the Enter key. Drag
the mouse or use the arrow keys to move the cursor to the second corner of the frame
and release the left mouse button or the Shift key. The Frame Information property
sheet is presented prompting for the pertinent display characteristics. The x-
coordinate and y-coordinate of both corners are also provided in case you would like
to override the values obtained from dragging the frame with the mouse or keyboard.
In graph views, the coordinates are in inches from the lower left corner of the plot; in

Guide to Using AquiferWin32

Menus and Dialogs ¢ 279



map views, the coordinates are in map units. Any number of frames may be added.
Frames may also be embedded in Legends and Header/Footer elements.

Frame Information f'5_<|

Frame | Contents |

Line Style

Colar: m ~| Thickness: Im
Dash: |—j Length: 0.5 E
Spatial Parameters

¥l (443 &| yvi: 382 EH
w724 H vz |1.85 E

2k, | Cancel Help

Line Style

Color The color used to display the optional border
Thickness: The thickness in points of the optional border
Dash The dash pattern to use for the optional border
Length The length in inches of the dash pattern for the

optional border

Spatial Parameters

X1: The x-coordinate of the first corner of the frame
Y1: The y-coordinate of the first corner of the frame
X2: The x-coordinate of the second corner of the frame
Y2: The y-coordinate of the second corner of the frame
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Frame Information

Frame Contents ]

Fill Type

Type [N ~] ¥ Disply Borcer

Eackground Color: ||:| White

[

Hateh Color/Pattern: |- Black

~| HH -]

X

File [nfarmation

Eile Mame: -

TR

o]

Cancel | Help |

Sets the type of fill to use within the frame

The frame is filled with a hatch pattern

If checked, a border line is displayed around
perimeter of the frame

Selects the background color with which to fill the

Fill Type
Type
None The frame is not filled
Solid The frame is filled with a solid color
Hatch
Bitmap The frame is filled with a bitmap
Metafile The frame is filled with a metafile
Display Border
Background Color
frame
Hatch Color/Pattern

File Information

File Name:

Selects the hatch color and hatch patter to use to fill
Hatch type frames

The name of the file that was loaded for Bitmap and
Metafile type frames

NOTE: The contents of the file are loaded and stored within the document so
the file is no longer required and the name is for historical reference

only.
Scale to Rectangle

If checked, the bitmap is expanded/compressed to fill
the frame

NOTE: This check-box is usually checked, otherwise, the screen display and
printed output will not be the same.

Browse

Click this button to display a standard File Open
dialog used to locate the Bitmap or Metafile file
stored on the computer.
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Legend

Select the Legend menu or choose the button on the Annotation toolbar to add
a frame to the view. Move the cursor to the first corner of the frame, click and hold
the left mouse button or press and hold the Shift key and press the Enter key. Drag
the mouse or use the arrow keys to move the cursor to the second corner of the frame
and release the left mouse button or the Shift key. The Legend Information property
sheet is presented prompting for the pertinent display characteristics. The x-
coordinate and y-coordinate of both corners are also provided in case you would like
to override the values obtained from dragging the frame with the mouse or keyboard.
In graph views, the coordinates are in inches from the lower left corner of the plot; in
map views, the coordinates are in map units. Any number of legends may be added.
Legends may also be embedded in Header/Footer elements.

Legend Information

Frarne lEnntents] [berns ]

Line Style

Color: m *| Thickness: |4 point =

X

Dazh: |

Spatial Parameters

set- |524 E
o = E

—j Length: 05 E

2k, | Cancel Help

Line Style
Color
Thickness
Dash
Length

Spatial Parameters
X1:
Yl1:
X2:
Y2:

The color used to display the optional border
The thickness in points of the optional border
The dash pattern to use for the optional border

The length in inches of the dash pattern for the
optional border

The x-coordinate of the first corner of the legend
The y-coordinate of the first corner of the legend
The x-coordinate of the second corner of the legend

The y-coordinate of the second corner of the legend
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Legend Information

Frame Contents l [tems ]

Fill Type

Tvpe:
Background Color: ||:| Silver j
Hatch Color/Fattern: | J | J

File [nfarmation

Eile Mame: -

[v Display Border

2k, | Cancel | Help |

Fill Type
Type Sets the type of fill to use within the frame
None The frame is not filled
Solid The frame is filled with a solid color
Hatch The frame is filled with a hatch pattern
Bitmap The frame is filled with a bitmap
Metafile The frame is filled with a metafile
Display Border If checked, a border line is displayed around
perimeter of the frame
Background Color Selects the background color with which to fill the
frame
Hatch Color/Pattern Selects the hatch color and hatch patter to use to fill
Hatch type frames

File Information

File Name: The name of the file that was loaded for Bitmap and
Metafile type frames

NOTE: The contents of the file are loaded and stored within the document so
the file is no longer required and the name is for historical reference
only.

Scale to Rectangle If checked, the bitmap is expanded/compressed to fill
the frame

NOTE: This check-box is usually checked, otherwise, the screen display and
printed output will not be the same.

Browse Click this button to display a standard File Open
dialog used to locate the Bitmap or Metafile file
stored on the computer.
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Legend Information

Frame] Contents  [tems l

+- Parameter Object dd
+- Legend Object
+- Title Object

J Lk}

Itern Type: |Leger‘u:| Ohject

| Automatic Maintenance of Graph Data Sets

2k, | Cancel | Help |

Add: Adds an item, of the type selected in ltem Type, to the
legend

Edit: Presents the property sheet for the item selected in
the tree control

Delete: Deletes the selected item currently selected in the tree
control

Item Type: Specifies the currently active item to be added when

the Add button is clicked

The Automatic Maintenance of Graph Data Sets check-box only appears if the
parent view of the legend is a graph. If this check-box is checked, symbols and
labels for each data set in the graph will be automatically displayed within the
legend. If the legend is higher than it is wide, the symbol/label items will be spaced
evenly vertically and centered horizontally within the legend. If the legend is wider
than it is high, the symbol/label items will be spaced evenly horizontally and
centered vertically within the legend. Typically, a legend set up using Automatic
Maintenance of Graph Data Sets does not contain any other elements although it is
likely embedded in another legend element.

The Automatic Maintenance of Color Flood Legend check-box only appears if the
parent view of the legend is a map view of a Flow Model document. If this check-
box is checked, the legend will contain a color flood legend. The color flood legend
will fill the legends frame so if you want to add other text, embed this legend within
a larger one. The colors and label characteristics of this color flood legend are
controlled via the Contour Options property sheet on the Flood Colors and Flood
Legend tabs.
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Legend Information

Frame] Contents  [tems l

+- Parameter Object
+- Legend Object

—|- Title Object Edi...
& Offzett(0.20) ¥ Offzet(0 72)
7 Offzett(0.] Delete

o Offsett0.] Copy

Save fs Defaulk

L] t t B

Itern Type: |Leger‘u:| Ohject

| Automatic Maintenance of Graph Data Sets

2k, | Cancel | Help |

Context Menu:

The tree control on the Items tab has a context menu that allows you to
Cut/Copy/Paste items within and across legend objects. Also, the Save As Default
menu allows you to save the legend to be used as the default whenever another
document is created to use this type of analysis. Refer to the Default Legend section
for more details.

Scale Bar

NOTE: This menu is only shown in map views.

Select the Scale Bar menu or choose the button on the Annotation toolbar to
add a scale bar to the view. Move the cursor to the point where the scale bar will be
inserted and click the left mouse button or press the Enter key. The Scale
Information property sheet is presented prompting for the pertinent display
characteristics. The x-coordinate and y-coordinate of the point are also provided in
case you would like to override the values obtained from setting the location with the
mouse or keyboard. In map views, the coordinates are in map units. Any number of
scale bars may be added.
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Scale Information

X)

BBk v

Fant... Lurial

Spatial Parameters

Scale l

Length: 1000 [ widty 1150
U riits: |f'3'3t

Dizplay Parameters

Color: Alignment;

w41z B

|LEFT -

v |seasad H

o]

Cancel | Help |

Length:
Width:
Display Parameters

Color:

The length of the scale bar in map units

The width of the scale bar in map units

The color to use when displaying the symbol

Alignment: The alignment of the scale bar relative to the
location point
Font Defines the font, font style, size for the scale bar

Spatial Parameters

X: The x-coordinate of the well location in map units
Y: The y-coordinate of the well location in map units
Well

NOTE: This menu is only shown in map views.

Select the Well menu or choose the button on the Analytic toolbar to add a well
to the view. Move the cursor to the point where the well will be inserted and click
the left mouse button or press the Enter key. The Well Information property sheet is
presented prompting for the pertinent display characteristics. The x-coordinate and
y-coordinate of the point are also provided in case you would like to override the
values obtained from setting the location with the mouse or keyboard. In map views,
the coordinates are in map units. Any number of wells may be added.

The following property sheet is for wells in other than flow model
documents.
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Well Information

Phyzical l DiSFI'EI_',']

Well Dezsignator: |MW1

Congtruction Parameters

Cazing Inner Diarmeter IDE—E
Chameter of Dirilled Hole IDE—E
Screen Length IS—E
Screen Top Depth ID—E

Spatial Parameters

w1100 H . [1000 E

2k, | Cancel | Help |

Well Designator: Unique name for the well

Construction Parameters

Casing Inner Diameter The inner diameter of the well casing
Diameter of Drilled Hole The diameter of the drilled hole
Screen Length The length of the well screen

Screen Top Depth The depth to top of the well screen relative to the top
of the aquifer

Spatial Parameters
X: The x-coordinate of the well location in map units

Y: The y-coordinate of the well location in map units
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Well Information

Physical Dizplay l

YWiell Parameters
Color: - Size: |20 E

Label Parameters

Color: Angle: Alignrment;

R - 0 B Jenter o

[v Display Label

Fant... Anal

Label Offzets

e 0 B ar 0 H

2k, | Cancel | Help |

Well Parameters
Color The color to use when displaying the well symbol
Size The display size in map units of the well symbol

Label Parameters

Color The color to use when displaying the well label

Angle The angle to rotate the text when displaying the well
label

Alignment The alignment of the label relative to the label
location

Display Label If checked, the well designator is used to label the
well

Font Defines the font, font style, size and effects for the
label

Label Offsets

dx: The distance in map units to offset the label in x from

the x-coordinate of the well location

dy: The distance in map units to offset the label in y from
the y-coordinate of the well location

The following property sheet is for flow model documents.
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Well Information

Phyzical l Displa_l,l] Transient]

X)

Tranzport ]

well Designator: |WE"

Hydraulic Parameters
* Conztant Purnping Fate

" Tranzient Purping Fate

Congtruction Parameters

Cazing Inner Diameter

Screen Length

Screen Top Depth

Spatial Parameters

w  [145 =

2 E
Diameter of Driled Hale |2 E
3 E
1] E

B

v |28 E

o ]

Cancel | Help |

Well Designator:
Hydraulic Parameters

Constant Pumping Rate

Transient Pumping Rate

Construction Parameters
Casing Inner Diameter
Diameter of Drilled Hole
Screen Length

Screen Top Depth

Spatial Parameters
X:
Y:

Name for the well

If set, this well pumps at a constant rate whose value
is contained in the adjacent data field

If set, this well pumps at a variable rate and the
pumping schedule is contained on the Transient tab

The inner diameter of the well casing
The diameter of the drilled hole
The length of the well screen

The depth to top of the well screen relative to the top
of the aquifer

The x-coordinate of the well location in map units

The y-coordinate of the well location in map units
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Well Information

Physical Display lTransient] Transpu:urt]

Wiell Parameters

Label Parameters

Calor: Andle: Alignrment;

e - 0 B JEFT ]

[ Display Label

Fant... Anal

Label Offzets

Jo |475 g |475

k. | Cancel Help

Well Parameters
Color The color to use when displaying the well symbol
Size The display size in map units of the well symbol

Label Parameters

Color The color to use when displaying the well label

Angle The angle to rotate the text when displaying the well
label

Alignment The alignment of the label relative to the label
location

Display Label If checked, the well designator is used to label the
well

Font Defines the font, font style, size and effects for the
label

Label Offsets

dX: The distance in map units to offset the label in x from

the x-coordinate of the well location

dy: The distance in map units to offset the label in y from
the y-coordinate of the well location

290 e Menus and Dialogs Guide to Using AquiferWin32



Well Information

F'h_l,lsiu:al] Dizplay  Transient l

X)

Time Pumping Rate L+
{min) {galimin) L

1 (0 100

2 |60 0

3 (240 25

4

]

]

7

a

4

10 *

« |

o ]

Cancel

Help

This spreadsheet defines the pumping schedule used for this well. This pumping
schedule is only used if the Transient Pumping Rate radio button has been set on
the Physical tab and the solution supports variable pumping rates.
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Well Information E|

F'h_l,lsiu:al] Displa_l,l] Transient  Transport l

Tranzport Parameters

Concentration: flon E

[ Constant Concentration Y alue

[v Maonitor Concentration vs. Time

Calculated W alues

Total Contaminant Flus: 2831.58

Time Concentration L+
fd) {man) ]
1 1 0.0745783
2 2.2 010272
3 |3.64 0117124
4 |5.368 0126422
g |7.4416 0133233 +
«[ 1 +

k. | Cancel Help

Transport Parameters

Concentration: The concentration of injected water

Constant Concentration Value The concentration value is maintained as
constant at the injection well

Monitor Concentration vs. Time Concentration versus time data is calculated for
the well based on the transport time stepping

scheme

Calculated Values

Total Contaminant Flux: The total contaminant flux rate contributed by
the well

The spreadsheet presents the concentration versus time values if the Monitor
Concentration Vs. Time checkbox has been checked and the model run..

Head/Flux Linesink

NOTE: This menu is only shown in map views of Flow Model documents.

Select the Head Linesink menu or the button on the Analytic toolbar to add a

head linesink to the model. Select the Flux Linesink menu or choose the
button on the Analytic toolbar to add a flux linesink to the model. Move the cursor
to the point where the linesink will start, click and hold the left mouse button or press
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and hold the Shift key and press the Enter key. Drag the mouse or use the arrow
keys to move the cursor to the point where the linesink should end and release the
left mouse button or the Shift key. The Linesink Information property sheet is
presented prompting for the pertinent display and hydraulic characteristics. The x-
coordinate and y-coordinate of both end points are also provided in case you would
like to override the values obtained from dragging the line with the mouse or
keyboard. The coordinates are in map units and any number of linesinks may be

added.

Linesink Information

Linesink, Dezsignatar;

{+ Consztant Flux

" Tranzient Flux

Spatial Parameters

Start 3 |239.86

End: [371.89

Parameters lDispIay] Ealculated] Tranzient Transpurt]

Hydraulic Parameters

" Constant Head |2|:||:| E
|0.005 H

Start y: 2611
Endy: |167.33

k. | Cancel Help

Linesink Designator:
Hydraulic Parameters

Constant Head
Constant Flux
Transient Flux
Spatial Parameters
Start X:

Start Y:
End X:

Name for the linesink

If set, this linesink is a head linesink whose head
value is contained in the adjacent data field

If set, this linesink is a flux linesink whose flux rate
is contained in the adjacent data field

If set, this linesink is a flux linesink whose flux rate
is variable and the rate schedule is contained on the
Transient tab

The x-coordinate of the starting point of the linesink
The y-coordinate of the starting point of the linesink

The x-coordinate of the ending point of the linesink
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End Y: The y-coordinate of the ending point of the linesink

Linesink Information

Parameters  Displap l Ealculated] Transient] Transpu:urt]

Linesink Parameters

Color: v | Thickness: |4 79336 E

Label Parameters

Calor: Andle: Alignrment;

MElme  ~| [0 B [center v

[ Display Label

Fant... Anal

Label Offzets

4o |B7.995 dr |46.875 H

k. | Cancel Help

Linesink Parameters

Color The color used to display the linesink

Thickness The thickness in map units of the linesink

Label Parameters

Color The color to use when displaying the well label

Angle The angle to rotate the text when displaying the
linesink label

Alignment The alignment of the label relative to the label
location

Display Label If checked, the linesink designator is used to label the
linesink

Font Defines the font, font style, size and effects for the
label

Label Offsets

dx: The distance in map units to offset the label in x from

dy:

the x-coordinate of the center of the linesink

The distance in map units to offset the label in y from
the y-coordinate of the center of the linesink
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Linesink Information

F'arameters] Display  Calculated l Transient] Transpu:urt]

Calculated Parameters

Length of Linesink: 165.134
Tatal Corstant Flus; 082552

k. | Cancel Help

Calculated Parameters

Length of Linesink The total length of the linesink in map units
Total Constant Flux The total flux rate generated by the linesink
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Linesink Information

F'arameters] Displa_l,l] Calculated  Transient l Transpu:urt]
Time Flux Rate L+
{d) {sq ftid) L
1
2
3
4
5
6
7
8
g
10 +
«| | »
k. | Cancel Help

This spreadsheet defines the pumping schedule used for this linesink. This pumping
schedule is only used if the Transient Flux radio button has been set on the Physical
tab.
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Linesink Information

F'arameters] Displa_l,l] Ealculated] Transient T ransport l

Tranzport Parameters

Concentration: IWD—E

Calculated W alues

Total Contaminant Flus: 2438.74

k. | Cancel Help

Transport Parameters

Concentration The concentration of water injected by the linesink

Calculated Values

Total Contaminant The total contaminant flux rate generated by the
linesink

Pond

NOTE: This menu is only shown in map views of Flow Model documents.

Select the Pond menu or the IE‘ button on the Analytic toolbar to add a pond to the
model. Move the cursor to the point at the center of the pond, click and hold the left
mouse button or press and hold the Shift key and press the Enter key. Drag the
mouse or use the arrow keys to move the cursor to the point where the pond should
end and release the left mouse button or the Shift key. The Pond Information
property sheet is presented prompting for the pertinent display and hydraulic
characteristics. The x-coordinate and y-coordinate of center and the radius are also
provided in case you would like to override the values obtained from dragging the
pond with the mouse or keyboard. The coordinates are in map units and any number
of ponds may be added.
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Pond Information

Farameters l Displa_l,l] Ealculated] Transient] Transpu:urt]

Pond Designatar: ||j':'r"':I 1

Hydraulic Parameters

& Canstant |nfiltration + for infiltration

" Tranzsient |nfiltration

Spatial Parameters

e 24251 E "
Radius: | 36-14 E

25324 E

Cancel Help

o ]

3

Pond Designator:
Hydraulic Parameters

Constant Infiltration

Transient Infiltration

Spatial Parameters

X:

Y:

Radius:

Name for the pond

If set, this pond has a constant infiltration rate whose
value is contained in the adjacent data field

If set, this pond has a variable infiltration rate and the
infiltration schedule is contained on the Transient tab

The x-coordinate of the center of the pond in map
units

The y-coordinate of the center of the pond in map
units

The radius of the pond in map units
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Pond Information

Parameters  Displap l Ealculated] Transient] Transpu:urt]
Pond Parameters

*| Thickness |Ypant -

Colar: Teal

Label Parameters

Calor:

|- Teal

[ Display Label

Fant... Anal

Label Offzets

g |0 E

Alignrment;

|CENTER |

Andle:

R =

gv. |t E

Cancel Help

o ]

3

Pond Parameters
Color
Thickness

Label Parameters
Color
Angle

Alignment

Display Label

Font

Label Offsets
dX:

dy:

The color used to display the pond

The thickness of the line used to display the
perimeter of the pond in points

The color to use when displaying the pond label

The angle to rotate the text when displaying the pond
label

The alignment of the label relative to the label
location

If checked, the pond designator is used to label the
pond

Defines the font, font style, size and effects for the
label

The distance in map units to offset the label in x from
the x-coordinate of the center of the pond

The distance in map units to offset the label in y from
the y-coordinate of the center of the pond
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Pond Information [z|

F'arameters] Display  Calculated l Transient] Transpu:urt]

Calculated Parameters

Area of Pond: 4103.23
Tatal Corstant Flus; £.154585

k. | Cancel Help

Calculated Parameters

Area of Pond: The total of the pond in map units
Total Constant Flux: The total flux rate generated by the pond
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Pond Information

X)

F'arameters] Displa_l,l] Calculated  Transient l Transpu:urt]
Time Infiltration Rate L+
(d) (ftid) _
1
2
3
4
5
6
7
8
g
10 +
«| | »
ITI Cancel Help

This spreadsheet defines the infiltration schedule used for this pond. This infiltration
schedule is only used if the Transient Infiltration radio button has been set on the

Physical tab.
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Pond Information E

F'arameters] Displa_l,l] Ealculated] Transient T ransport l

Tranzport Parameters

Concentration: 100 E

Calculated W alues

Tatal Contaminart Flus: 17428.6

k. | Cancel Help

Transport Parameters

Concentration: The concentration of water added to the model by the
pond.

Calculated Values

Total Contaminant Flux: The total contaminant rate generated by the pond

Particle

NOTE: This menu is only shown in map views of Flow Model documents.

Select the Particle->Single menu or choose the button on the Analytic toolbar
to add a particle trace to the model. Move the cursor to the point where the particle
trace will be inserted and click the left mouse button or press the Enter key. The
Particle Trace Information property sheet is presented prompting for the pertinent
display characteristics. The x-coordinate and y-coordinate of the point are provided
in case you would like to override the values obtained from setting the location with
the mouse or keyboard. The coordinates are in map units and any number of particle
traces may be added.
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Particle Trace Information

Parameters l

Spatial Parameters

w1717 H v |225.43 E
ITI Cancel | Help |

Spatial Parameters

X: The x-coordinate of the start of particle trace in map
units

Y: The y-coordinate of the start of particle trace in map
units

Streamline

NOTE: This menu is only shown in map views of Flow Model documents.

Select the Streamline->Single menu or choose the button on the Analytic
toolbar to add a streamline to the model. Move the cursor to the point where the
streamline will be inserted and click the left mouse button or press the Enter key.
The Streamline Information property sheet is presented prompting for the pertinent
display characteristics. The x-coordinate and y-coordinate of the point are provided
in case you would like to override the values obtained from setting the location with
the mouse or keyboard. The coordinates are in map units and any number of
streamlines may be added.

Streamline Information [‘5—(|

Parameters l

Spatial Parameters

W (41063 H v [EeeEr
ITI Cancel | Help |

Spatial Parameters

X: The x-coordinate of the start of streamline in map
units

Y: The y-coordinate of the start of streamline in map
units

Line Cluster

NOTE: This menu is only shown in map views of Flow Model documents.
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Select the Streamline->Line or Particle->Line menu to add a line of streamlines or
particle traces to the model. Move the cursor to the point where the line cluster will
start, click and hold the left mouse button or press and hold the Shift key and press
the Enter key. Drag the mouse or use the arrow keys to move the cursor to the point
where the line cluster should end and release the left mouse button or the Shift key.
The Line Cluster Information property sheet is presented prompting for the pertinent
display and calculation characteristics. The x-coordinate and y-coordinate of both
end points are also provided in case you would like to override the values obtained
from dragging the line with the mouse or keyboard. The coordinates are in map
units and any number of linesinks may be added.

Line Cluster Information

Parameters

Calculation Parameters

{* Shearnline " Particle Trace

Spatial Parameters

Start 3 |41042.8 Starty: |9BET.EY

Endi [41441.2 Endy: (928259

Murnber: 10 E

] | Cancel | Help |

Calculation Parameters

Streamline If set, the line cluster contains streamlines
Particle Trace If set, the line cluster contains particle traces

Spatial Parameters

Start X: The x-coordinate of the starting point of the line
cluster

Start Y: The y-coordinate of the starting point of the line
cluster

End X: The x-coordinate of the ending point of the line
cluster

End Y: The y-coordinate of the ending point of the line
cluster

Number: The number of equally spaced streamlines or particle

traces contained in the line cluster

Circle Cluster

NOTE: This menu is only shown in map views of Flow Model documents.

Select the Streamline->Circle or Particle->Circle menu to add a circle of
streamlines or particle traces to the model. Move the cursor to the point at the center
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of the circle, click and hold the left mouse button or press and hold the Shift key and
press the Enter key. Drag the mouse or use the arrow keys to move the cursor to the
point where the circle should end and release the left mouse button or the Shift key.
The Circle Cluster Information property sheet is presented prompting for the
pertinent display and calculation characteristics. The x-coordinate and y-coordinate
of center and the radius are also provided in case you would like to override the
values obtained from dragging the circle with the mouse or keyboard. The
coordinates are in map units and any number of circle clusters may be added.

Circle Cluster Information §|

Parameters l
Calculation Parameters

{+ Sheamline " Particle Trace

Spatial Parameters

s |A0222 E v |5E41.23
Fadiuz |526.11 E Mumber: (10 E

k. | Cancel | Help |

Calculation Parameters

Streamline If set, the circle cluster contains streamlines
Particle Trace If set, the circle cluster contains particle traces

Spatial Parameters

X: The x-coordinate of the center of the circle cluster in
map units

Y: The y-coordinate of the center of the circle cluster in
map units

Radius: The radius of the circle cluster in map units

Number: The number of equally spaced streamlines or particle
traces contained around the perimeter of the circle
cluster

Target

NOTE: This menu is only shown in map views of Flow Model documents.

Select the Target menu or choose the button on the Analytic toolbar to add a
target to the view. Move the cursor to the point where the well will be inserted and
click the left mouse button or press the Enter key. The Target Information property
sheet is presented prompting for the pertinent display characteristics. The x-
coordinate and y-coordinate of the point are also provided in case you would like to
override the values obtained from setting the location with the mouse or keyboard.
In map views, the coordinates are in map units. Any number of targets may be
added.
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Target Information

Farameters lDispIa_l,l] Transient]

T arget Designator: |r‘“|""*“"hI

Hydraulic Parameters

" Constant Target Head E

{+ Tranzient Target Head

Congtruction Parameters

Cazing Inner Diameter 0.3 E
Diameter of Driled Hale |05 E

X)

Screen Length

Screen Top Depth

Spatial Parameters

w.  |#41000 H

= H
o H

. |5300 E

o]

Cancel | Help |

Target Designator:
Hydraulic Parameters

Constant Target Head

Transient Target Head

Construction Parameters
Casing Inner Diameter
Diameter of Drilled Hole
Screen Length

Screen Top Depth

Spatial Parameters
X:
Y:

Name for the target

If set, the target head is constant rate with a value
contained in the adjacent data field

If set, this target is variable in time and the values are
contained on the Transient tab

The inner diameter of the target well casing
The diameter of the drilled hole
The length of the target well screen

The depth to top of the target well screen relative to
the top of the aquifer

The x-coordinate of the target location in map units

The y-coordinate of the target location in map units
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Target Information

Parameters  Dizplay l Transient]

T arget Parameters

Label Parameters

Calor: Andle: Alignrment;

e - 0 B center v

[ Display Label

Fant... Anal

Label Offzets

g |0 E gv. |t E

k. | Cancel Help

Target Parameters

Color The color to use when displaying the target symbol
Size The display size in map units of the target symbol

Label Parameters

Color The color to use when displaying the target label

Angle The angle to rotate the text when displaying the target
label

Alignment The alignment of the label relative to the label
location

Display Label If checked, the target designator is used to label the
target

Font Defines the font, font style, size and effects for the
label

Label Offsets

dX: The distance in map units to offset the label in x from

the x-coordinate of the target location

dyY: The distance in map units to offset the label in y from
the y-coordinate of the target location
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Target Information E|

F'arameters] Display  Tranzient l

Time Target Head L+
{min) (ft) =

1 |0.00166667 204.687

2 |0.002 204687

3 |0.0025 204.687

4 |0.00333333 204.687

5 |0.0041B6ET 204.687

§ |0.005 204.687

7 |0.00583333 204.687

8 |0.006EBEET 204.687

8 |0.00833333 204.687

10 |0.01 204687 +

« | »

k. | Cancel Help

This spreadsheet defines the head versus time data for this target. These heads are
only used if the Transient Target Head radio button has been set on the Physical
tab.

Line Calculation

NOTE: This menu is only shown in map views of Simulation and Flow Model
documents.

Select the Line Calculation menu or choose the button on the Analytic toolbar
to add a line calculation to the view. Move the cursor to the point where the line
will start, click and hold the left mouse button or press and hold the Shift key and
press the Enter key. Drag the mouse or use the arrow keys to move the cursor to the
point where the line should end and release the left mouse button or the Shift key.
The Line Calculation Information property sheet is presented prompting for the
pertinent display characteristics. The x-coordinate and y-coordinate of both end
points are also provided in case you would like to override the values obtained from
dragging the line with the mouse or keyboard. The coordinates are in map units.
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Line Calculation

Line lDispIa_l,l] Data ]

Line Calculation D ezignatar;
Spatial Parameters

Start ¢ |40776.8

Ends |H1221.5

[rata Spacing Parameters
i+ Equal Divisions

£ Linear
" Lag

" Cusgtom

Samplez Per Decade:

IJze Distances from Spreadzheet

X)

Prafile 1

Start'y: |9034.38 E
A099.49 E

End*:
Mumber; |20 E
Spacing: |100 E

o |

Cancel

Help

Line Calculation Designator:

Spatial Parameters

Start X:

Start Y:

End X:

End Y:

Data Spacing Parameters

Equal Divisions

Number:

Linear

Spacing:

Each line calculation must have a unique name so
that it can be identified on view tabs.

The x-coordinate of the starting point for the line
calculation in map coordinates. Distances are
calculated relative to this point.

The y-coordinate of the starting point for the line
calculation in map coordinates. Distances are
calculated relative to this point.

The x-coordinate of the ending point for the line
calculation in map coordinates.

The y-coordinate of the ending point for the line
calculation in map coordinates.

Data points will be calculated at equal intervals
between the start and end points of the line
calculation.

The number of equal intervals to calculate between
the start and end points of the line calculations.

Data points will be calculated at specified intervals
starting at the start point of the line calculation.

The spacing, in map units, between adjacent points in

the line calculation.
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Log
Samples Per Decade:
Custom

Line Calculation

Line  Display | Data |

Line Shyle

Data points will be calculated at logarithmic intervals
starting at the start point of the line calculation.

The number of logarithmic intervals between
adjacent points in the line calculation.

Distances, in map units, entered into the spreadsheet
on the Data tab will be used for the calculations.

]

Calar |- Black

j Thickness m

Label Parameters

Color:

[ Display Label

Faont... Arial

Label Offzets

e |22 3z

Dazh |—j Length

Angle: Alignrment;

o5 M

W

B |cEnTER  ~|

4 |-2555 E

| | Help |

Line Style
Color:

Thickness:

Dash:

Length:

Label Parameters

Color

Angle

Alignment

Display Label

Sets the color of the line connecting the data points

Sets the thickness in points of the line connecting the
data points

Sets the dash pattern to use for the line connecting
the data points

Sets the length in inches of the dash pattern for the
line connecting the data points

The color to use when displaying the line calculation
label

The angle to rotate the text when displaying the line
calculation label

The alignment of the label relative to the label
location

If checked, the line calculation designator is used to
label the well
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Font

Label Offsets
dX:

dy:

Line Calculation

Defines the font, font style, size and effects for the
label

The distance, in map units, to offset the label in x
from the x-coordinate of the line calculation center
point.

The distance, in map units, to offset the label in y
from the y-coordinate of line calculation center point.

3

Lire ] Dizplay Data l
Calculation Time: (100 E
Distance Drawdown ki
L {ft)
1 |0 202314
2 |25.8548 202355
3 |51.1096 202536
4 |TH.BE43 202827
5 |102.219 20318
B [127.774 203544
T |153.329 2038749
B |175.883 2041549
g |204.438 204377
10 (229.993 204533 *
«| ] +
k. | Cancel Help

Calculation Time:

Spreadsheet

The time at which to calculate head/drawdown versus
distance data.

The data in the spreadsheet reflect the calculated data
points. If Custom has been selected on the Line tab,
you can edit the number lines and the values of the
distances at which to calculate; if Custom was not
selected, any changes made will be ignored.

Options Menu

NOTE: The Options menu is only displayed in map views.

The Options menu contains selections for customizing the Aquifer

Win32 simulation

model and associated map. You may change the appearance of the site map and/or
contour map using these menus; each of these menus is described below.
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Map

The Map menu selection contains three submenus, Window, Parameters and
Locate. The Window option allows you to change the size and location of the map
window. The map window by default ranges from 0 to 10000 in both the x and y
axes. If a base map is imported, the size of the map window is determined from the
base map. The map window is the region that is displayed when you choose View-
>Full->Screen and the area printed. Selecting Options->Map->Window allows
you to drag a rectangle on the screen to redefine the new map window. Doing so
confirms the boundaries using the Map Window dialog as shown below.

Map Window ['5_<|

Window Parameters
| k. |
ign 1409126 B pigny: 523237
Cancel

Height 78134 wigh 185076 [

Window Parameters

Origin X The x-coordinate of the origin of the map in map
units

Origin Y The y-coordinate of the origin of the map in map
units

Height The height of the map in map units

Width The width of the map in map units

The Parameters menu selection displays the Map Options property sheet described
below.

The following property sheet is for map views in other than flow
model documents.

Map Options [‘S_<|

Sizes lEu:nI-:nrs | ‘window | Fie |

[tem Sizes

Well Size E [ Apply to all
Curzar Step 121.368 E

tap Test Font

Faont... Arial

2k, | Cancel Help
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Item Sizes

Well Size

Apply to all wells

Cursor Step

The default size for well symbols when they are
created in map units

If checked, the Well Size will be applied to all
existing well symbols

The distance, in map units, the cursor is moved in the
map window when an arrow key is pressed

Map Text Font
Font Defines the font, font style and size the text strings
defined in the optional base map
Map Options E|
Sizes  Colors | Window | File |
Itern Colors
wiells: Red ~| | Applyto al
Titles: Blc:ck - | Applytoal
Ecahg: - Black -
2k, | Cancel Help

Item Colors

Wells:

Apply to all wells

Titles:

Apply to all titles

Scale:

The default color for well symbols when they are
initially created

If checked, the Wells color will be applied to all
existing well symbols

The default color for titles and parameters when they
are initially created on the map

If checked, the Titles color will be applied to all
existing titles and parameters on the map

The default color for scale bars when they are
initially created on the map
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X)

Map Options

Sizes ] Colors  #indow l File ]
bl ap "Afindow

trignx [B8000 B originy: [4300 E
Height 14000 width: 6000 =

2k, | Cancel Help

Map Window

Origin X: The x-coordinate of the origin of the map in map
units

Origin Y: The y-coordinate of the origin of the map in map
units

Height: The height of the map in map units

Width: The width of the map in map units

Map Options [‘5—(|

Sizes ] Colars ] window File l

File [nfarmation

Eile Marne:

Transformation Parameters

% Offset: |0 & Y Offset [T &
Angle: a E

k. | Cancel | Help

File Information
File Name The name of the base map file

NOTE: The contents of the file are loaded and stored within the document so
the file is no longer required and the name is for historical reference
only.
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Browse Click this button to display a standard File Open
dialog used to locate the base map file stored on the
computer.

Transformation Parameters

X Offset: The value, in map units, to add to the x-coordinates
of items in the base map file

Y Offset: The value, in map units, to add to the y-coordinates
of items in the base map file

Angle: The angle, in degrees, to rotate the base map

The following property sheet is for map views in flow model
documents.

Map Options P§|

Sizes lE-:uI-:urs ] Windnw] File ]

[tem Sizes

well Size: a.9107 B applytoal

Target Size: 3375 E [ Apply ta al

Linesink width; | 26-2586 2 T Applytoal
Curgor Step B0 E
tap Text Font

Fant... Lurial

k. | Cancel Help

Item Sizes

Well Size The default size for well symbols when they are
created, in map units

Apply to all If checked, the Well Size will be applied to all
existing well symbols

Target Size The default size for target symbols when they are

created, in map units
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Apply to all If checked, the Target Size will be applied to all
existing target symbols

Linesink Width The default width for linesinks when they are created,
in map units

Apply to all If checked, the Linesink Width will be applied to all
existing linesinks

Cursor Step The distance, in map units, the cursor is moved in the
map window when an arrow key is pressed

Map Text Font

Font Defines the font, font style and size the text strings
defined in the optional base map

Map Options P§|

Sizes  Colors |window | File |
[tern Colors

el [ EDE ~| [ Applyta al
Linesink [Head] |l Blzck  ~| | &pplytoal
Linesink (Fe) |1 ellow =| T Apply to al
Pond [Fecharge]; B Tl | | Applytoal
Paond [Dizcharge]: B el *| | Applytoal
Streamline; [ EDE -| [ Applytoal

Particle Trace B Fed ~| | Applyto al

Target [ EDE ~| [ Applyta al
Title: Blc:ck - | Appltoal
Scale: B Gk ~| | Appltoal

k. | Cancel | Apply | Help

Item Colors

Wells:/Linesink (Head);/... = The default color for particular item when it is
initially created

Apply to all If checked, the corresponding item color will be
applied to all existing items
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Map Options

Sizes ] Colors  #indow l File ]
bl ap "Afindow

Origir #; 40000 E Origir |42':":' E
Height: /<000 Width: (3000 =

X)

k. | Cancel Help

Map Window

Origin X: The x-coordinate of the origin of the map in map
units

Origin Y: The y-coordinate of the origin of the map in map
units

Height: The height of the map in map units

Width: The width of the map in map units
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Map Options

File [nfarmation

Eile Marme:

Sizes ] Colars ] Window File l

Transformation Parameters

¥ Offset: |0 &
Angle: 0 E

% Oifset: [ &

k. Cancel

Help

File Information

File Name

The name of the base map file

NOTE: The contents of the file are loaded and stored within the document so
the file is no longer required and the name is for historical reference

only.

Browse

Transformation Parameters

X Offset:

Y Offset:

Angle:

Click this button to display a standard File Open
dialog used to locate the base map file stored on the
computer.

The value, in map units, to add to the x-coordinates
of items in the base map file

The value, in map units, to add to the y-coordinates
of items in the base map file

The angle, in degrees, to rotate the base map

Use the Locate menu when you have imported a non-bitmap map file (.map, .dxf,
.shp) and you cannot see the map. An attempt will be made to find the center of the
map and estimate an appropriate scale. After the operation is complete, use the
Options/Map/Window menu to select the part of the map you want to use.
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Contour

The Contour menu selection contains two submenus, Window and Parameters.
The Window option allows you to change the size and location of the contour
window. The contour window by default ranges from 0 to 10000 in both the x and y
axes. If a base map is imported, the size of the contour window is determined from
the base map. Selecting Options->Contour->Window allows you to drag a
rectangle on the screen to redefine the new contour window. Doing so confirms the
boundaries using the Contour Window dialog as shown below.

Contour Window E|
Window Parameters
| Ok |
oignx 112093 B ohgny: [97.26 =
Cancel
Height 282354 it 436.03 E
Window Parameters
Origin X The x-coordinate of the origin of the map in map
units
Origin Y The y-coordinate of the origin of the map in map
units
Height The height of the map in map units
Width The width of the map in map units

The Parameters menu selection displays the Contour Options property sheet
described below. The contour matrix is made up of a series of equally spaced points
where head is computed by Aquifer”™?. You may choose the number of points in
both the X and Y directions. The upper limit is 180 points in each direction.
Increasing the number of nodes increases the time required to calculate the
simulation and to contour the results. Although the contours will appear smoother
with a larger contour matrix, there is no difference in the accuracy of the results.

The following property sheet adapts depending on the document
type and not all tabs will appear in all circumstances.
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Contour, Options

"wind o l Levels] Lal:nels] Transpn:nrt] D

Contour Besolution

# Modes: 35 E

[ Dizplay Grid

Y Nodes: |32 E
Grid Color: |l Black -

Contour *Window

Origin 738399 B gy 591718 B

X

] Position ] Llﬂ

Height: |337.603 Waidth: |5?E.1EE E
2k, | Cancel Help

Contour Resolution
X Nodes:

Y Nodes:

Display

Grid Color:
Contour Window
Origin X

Origin Y

Height
Width

The number of equal subdivisions along the x-axis of
the contour window to calculate data values for
contouring

The number of equal subdivisions along the y-axis of
the contour window to calculate data values for
contouring

If checked, the contour grid is displayed on the map
window

The color to use when displaying the contour grid

The x-coordinate of the origin of the contour window
in map units

The y-coordinate of the origin of the contour window
in map units

The height of the contour window in map units

The width of the contour window in map units
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Contour, Options

Window Levels l Labelz ] Tranzport ] o
Contour [nfarmation
Calculated £ Range: 18.371076 - 25011712
Mirirumn Level |12 E
Interval |0-9 E

25.0117

] Position ] Llﬂ

X

b airum Level:

Contour Line |nfarmation

Color: | [ Teal -

Thickness: lm

Cancel

o ]

Help

Contour Information

Calculated Z Range:

Minimum Level:
Maximum Level:

Interval:

Contour Line Information

Color:

Thickness:

Displays the calculated minimum and maximum
head/drawdown values over the contour window

Defines the minimum contour level to display
Defines the maximum contour level to display

Defines the head/drawdown interval between
adjacent contour lines

The color to use when displaying non-labeled contour
lines

The thickness, in points, of the line used when
displaying non-labeled contour lines
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Contour, Options §|

Windn:nw] Level: Labels lTranspart] o ] F"n:nsitin:-n] 1k

Contour Label Infarmation

Label Every M: e E Format |FI<ED -
Precisior; |1 & Distance betweer; |119.233 &|

Fant... Arial

Contour Label Ling Infarmatian

Color: [ Teal * | Thickness: |Mpoint ¥

2k, | Cancel Help

Contour Label Information

Label Every N: The number of non-labeled contour lines between
labeled contour lines is one less than this value

Format: The numeric format to use when displaying the label
on labeled contour lines

Precision: The number of digits to the right of the decimal point
to use when displaying the label on labeled contour
lines

Distance between: The linear distance, in map units, between adjacent

labels on a labeled contour line
Font Defines the font, font style and size for contour label

Contour Label Line Information

Color: The color to use when displaying labeled contour
lines
Thickness: The thickness, in points, of the line used when

displaying labeled contour lines
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Contour, Options

Contour [nformation

Contour Label Information

Label Evern M: 2 E

Font... Aiial

Contour Line [nformation

Windn:nw] Levels] Labelz Transport l aD ] F"n:nsitin:-n] L

kdin Log Cycle: Iz E Per Cycle: 3 E

Precision: |2 E Distanice between; | 125756 ﬂ

Color: | Red -

X

Format; |FI<ED -

Thickness; |%pant  ~

Qk | Cancel

| | Help |

Contour Label Information

Min Log Cycle:

Per Cycle:

Contour Label Information

Label Every N:

Format:

Precision:

Distance between:

Font

The minimum power of 10 used to when generating
contours of concentration in a transport model

The number of contours displayed within each log
cycle

The number of non-labeled contour lines between
labeled contour lines is one less than this value

The numeric format to use when displaying the label
on labeled contour lines

The number of digits to the right of the decimal point
to use when displaying the label on labeled contour
lines

The linear distance, in map units, between adjacent
labels on a labeled contour line

Defines the font, font style and size for contour label

Contour Label Line Information

Color:

Thickness:

The color to use when displaying labeled contour
lines

The thickness, in points, of the line used when
displaying labeled contour lines
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Contour, Options

A0 Mesh

Contaour Plane

Windn:nw] Levels] Lal:nels] Tranzport 30 lF"n:nsitin:-n] 1k

s H

Wertical Scale Factor:

Color Bar: &+ dertical

Dizplay i) E

[v ‘iew Contours Calar; |FI-:u:u:| Colors ﬂ

i+ Automatic Eleyation

(" Specified Elevation

[ Beset 30 Yiew

X

" Horizantal " Mone

Dizplay ' |5EI E

|Ma:-:imum Elervation j

|25.0117 &

o ]

Cancel | Apply | Help |

3D Mesh

Vertical Scale Factor:

Color Bar:

Display X:

Display Y:

Contour Plane

View Contours:

Color:

Automatic Elevation:

Specified Elevation:

Reset 3D View

A multiplier applied to head/drawdown to increase
the vertical scale relative to the horizontal scale

Controls the presence and location of the default
scale bar

The x-coordinate of the lower left corner (vertical) or
upper right corner (horizontal) of the scale bar

The y-coordinate of the lower left corner (vertical) or
upper right corner (horizontal) of the scale bar

When checked, a contour map is displayed in the 3D
perspective view

Controls the color of the contours which can be either
Black or Flood Colors

Controls the elevation on the vertical axis which
corresponds to the contour plane; when checked the
contour map will automatically be relocated as the
contour data changes

Controls the elevation on the vertical axis which
corresponds to the contour plane; when checked, the
value entered in the adjacent edit field will be used to
locate the contour plane

At times, the perspective drawing can leave the field
of view. Checking this option will relocate it into
view
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Contour, Options

Facal Paint

Position

Wiew p

Windn:nw] Levels] Lal:nels] Transpn:nrt] a0

Focal @ |361.917 E Focal ¥ |227.976
FocalZ: [243833 [

Pos¥: [104326 [ Posv: [120015 B
Pz [8002 B

Miew = 0315746 E Wiew v |0 57ESET
ViewZ:  |0.75333 E

X

P'u:usitiu:unl LR

o ]

Cancel | Apply | Help |

Focal Point
Focal X:

Focal Y:

Focal Z:

Position

Position X:

Position Y:

Position Z:

View Up

View X:

View Y:

View Z:

The x-coordinate of the focal point used to display
the 3D perspective drawing

The y-coordinate of the focal point used to display
the 3D perspective drawing

The z-coordinate of the focal point used to display
the 3D perspective drawing

The x-coordinate of the camera position used to
display the 3D perspective drawing

The y-coordinate of the camera position used to
display the 3D perspective drawing

The z-coordinate of the camera position used to
display the 3D perspective drawing

The x-coordinate defining the view up direction for
the camera used to display the 3D perspective
drawing

The y-coordinate defining the view up direction for
the camera used to display the 3D perspective
drawing

The z-coordinate defining the view up direction for
the camera used to display the 3D perspective
drawing
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Contour, Options

&

Labels ] Tranzpart ] o ] Position  Flood Colars l Flome 4 | ¥
[ Automatic  Interval [025 [
HeadDrawdown Flood Color |+
1 |18.25
2 184
3 |18.75
4 |19
A |119.25
b |19.48
7 |19.74 3
«|_|
2k, | Cancel | Apply | Help |
Automatic When checked, the distribution of colors is
automatically determined by the application
Interval: The interval to use when generating flood colors for
values of head/drawdown to be used when the
Generate button is clicked.
Generate

When clicked, a new color distribution will be
generated using the same algorithm as the Automatic
setting; however, these can be edited by the user
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Contour, Options

Label Information

Irteral:
Format: FI<ED

Calar:

Fant... Arial

B order Line Information

Color: - Black

a0 ] F'u:nsitin:nn] Flaod Colars  Flood Legend l

First: 183 E
0.5 2

B -

Al

Humber: E

[+ Specify Interval

i Precizion: 1 E

Thickness: lm

o ]

Cancel |

Apply | Help |

Label Information

First

Number:

Interval:

Specify Interval

Format:

Precision:

Color

Font
Border Line Information

Color:

Thickness:

Sets the head/drawdown value for the first labeled
value in color flood legends

The number of equally spaced labels to use when
labeling the color flood legends

The interval between adjacent labels; used when the
Specify Interval option is activated

When checked, the value for Interval is used when
labeling color flood legends

The numeric format to use when displaying the labels
on color flood legends

The number of digits to the right of the decimal point
to use when displaying the label on color flood
legends

The color to use when displaying labels on color
flood legends

Defines the font, font style and size for the label

The color to use when displaying the border around
the color flood legend

The thickness, in points, of the line used when
displaying the border around the color flood legend
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Trace

The Trace menu displays the Trace Information property sheet which is used to
define the display and calculation characteristics of streamlines and particle traces
within the model. There are two versions of the Trace tab, one for Steady State
models and one for Transient models.

Trace Information

Trace Parameters

Diztance Resolution:

I—

Direction Parameters

* Faomward

Digplay Optians

[ Display Arrows

Trace lStreamIine] Particle Trau:e] Lal:uels]

3

b asirnurn Tirne:
1100000 |

" Reverse

[ Display Tirme Postings

o]

Cancel

Help

Trace Parameters

Distance Resolution:

Maximum Time:

Direction Parameters

Forward

Reverse

Display Options
Display Arrows

Display Time Postings

The distance resolution determines the accuracy of
the particle-tracking calculation, which is done
numerically; a higher number will produce better
results

The time to which particle traces are calculated;
beyond this time particle traces will be truncated.

Particles are tracked from the location of the particle
trace element in a down gradient direction

Particles are tracked from the location of the particle
trace element in an upgradient direction

When checked, arrows are displayed on streamlines

according to the parameters on the Streamline tab or
on particle traces according to the parameters on the
Particle Trace tab

When checked, time postings are displayed on the
particle traces according to the parameters on the
Labels tab
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Trace Information

Trace Parameters

Distance Rezolution:
o H

Minimurm Time Step:;

1100 |

Direction Parameters

* Faomward

Digplay Optians

[ Display Arrows

Trace l Streamline] Particle Trace] Lal:uels]

X)

Start Tirne:
0 =
b amirmurn Time Step:

11000 &

" Beverse

[ Display Tirme Postings

o |

Cancel

Help

Trace Parameters

Distance Resolution:

Start Time:

Minimum Time Step:

Maximum Time Step:

Direction Parameters

Forward

Reverse

Display Options
Display Arrows

Display Time Postings

The distance resolution determines the accuracy of
the particle-tracking calculation, which is done
numerically; a higher number will produce better
results

The model time at which particle traces should begin
to be calculated

Defines the minimum time period to use between
adjacent particle movements

Defines the maximum time period to use between
adjacent particle movements

Particles are tracked from the location of the particle
trace element in a down gradient direction

Particles are tracked from the location of the particle
trace element in an upgradient direction

When checked, arrows are displayed on streamlines

according to the parameters on the Streamline tab or
on particle traces according to the parameters on the
Particle Trace tab

When checked, time postings are displayed on the
particle traces according to the parameters on the
Labels tab
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Trace Information

Aurow Style

Arrow ize:

Trace Sheamline l Particle Trace] Lal:uels]

Digtance bebween:  Thickness

X)

Line Style

ks &

450 B |spoint ~

Colar |- Blue

j Thickness m

Dash |—j Length 0.5 E

o |

Cancel

Help

Arrow Style

Arrow size:

Distance between:

Thickness:

Line Style
Color:
Thickness:
Dash:
Length:

The size of the arrows displayed on streamlines
defined in map units

The distance between adjacent arrows displayed on
streamlines defined in map units

The thickness of the line used to draw arrows defined
in points

The color used to display the streamline
The thickness in points of the streamline
The dash pattern to use for the streamline

The length in inches of the dash pattern for the
streamline
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Trace Information

Trace ] Steamline  Particle Trace l Lal:uels]

X)

Aurow Style

Arrow ize: Digtance bebween:  Thickness
b5 B as0 Bl |%point v
Line Style

Colar | B Fed

j Thickness m

Daszh |

j Length

o5 M

o |

Cancel

Help

Arrow Style

Arrow size:

Distance between:

Thickness:

Line Style
Color:
Thickness:
Dash:
Length:

The size of the arrows displayed on particle traces
defined in map units

The distance between adjacent arrows displayed on
particle traces defined in map units

The thickness of the line used to draw arrows defined
in points

The color used to display the particle trace
The thickness in points of the particle trace
The dash pattern to use for the particle trace

The length in inches of the dash pattern for the
particle trace
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Trace Information

Trace ] Streamline] Particle Trace Labels ]

Paozting Information

X)

Irteryal Frecizion: ultiplier
hes B 2 B & =
Label Style
Calar: Angle: Alignment;
R - 0 B e
Eant... Aurial
k. | Cancel Help

Posting Information
Interval

Precision
Multiplier

Label Style
Color
Angle

Alignment

Font

Transient

The time interval between the adjacent time labels

The number of decimal places after the decimal point
to use when displaying time labels

The multiplier to apply to the time interval between
adjacent time labels

The color to use when displaying the time label

The angle to rotate the time label around the location
point

The alignment of the time label relative to the
location point

Defines the font, font style, size, and effects for the
time label

The Transient menu displays the Transient Model Information property sheet which
is used to define the time steps to calculate for a transient model or a transport

model.
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X

Transient Model Information

Parameters l Time Steps]

Analytic Element Converzions

Murnber af wells per linezink, el E

[ Constant Beference Head

2k, | Cancel Help

Analytic Element Conversions

Number of well per linesink  Specifies the number of equally spaced wells to use
when representing a flux linesink in a transient model

Constant Reference Head  When checked, the reference head is held constant
during a transient simulation

Transient Model Information r5_<|

Parameters  Time Steps l

Time Step Parameters

Murnber of Time Steps |57§
Iritial Time alue (I
Iniial Time Step Size E
Time Step Multiplier |3—E
Maximurn Time Step Size m

k. | Cancel Help

Time Step Parameters
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Number of Time Steps

Initial Time Value

Initial Time Step Size

Time Step Multiplier

Maximum Time Step Size

Specifies the number of time steps to calculate; each
time step is represented by a separate tab in the tab
view

Specifies the first time at which to calculate hydraulic
head or drawdown

Specifies the time increment between the Initial Time
Value and the second time step

After the first time step, the time step size is
multiplied by this value to calculate a new time step
size

Specifies the maximum difference in time to use
between adjacent time steps

Transient Model Information P§|

Parameters  Transport l
Time Step Parameters

Mumber of Time Stepz
Contour Every

Initial Tirne % alue
Initial Time Step Size
Time Step Multiplier

b amirmum Time Step Size

Qk | Cancel

| | Help

Time Step Parameters
Number of Time Steps
Contour Every

Initial Time Value

Initial Time Step Size

Time Step Multiplier

Maximum Time Step Size

Specifies the number of time steps to calculate

Specifies the number of time steps to skip between
contour maps each of which are represented by a
separate tab in the tab view

Specifies the first time at which to calculate
concentrations

Specifies the time increment between the Initial Time
Value and the second time step

After the first time step, the time step size is
multiplied by this value to calculate a new time step
size

Specifies the maximum difference in time to use
between adjacent time steps
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Recalculate Traces

The Recalculate Traces menu controls whether streamlines and particle traces are
automatically recalculated. If this menu is checked, newly added or edited
streamlines and particle traces will be instantly calculated. When making numerous
changes to a model, it is sometimes advisable to turn off automatic calculation.

Constant Reference Head

The Constant Reference Heads menu controls whether the reference head is held
constant during a transient simulation. If this menu is checked and the currently
active model supports this feature, the reference head will be held constant (as in a
steady-state model). If not checked the reference head may change based upon
drawdown computed at the reference head location. It is recommended that you do
NOT keep the reference head constant when you are computing drawdown. Hold
the reference head constant if you are comparing the transient model to results of a
steady-state model.

Simulation Summary

The Simulation Summary menu displays a summary of the WinTran model.

Simulation Summary g|
Time
Starting Time = 0

Ending Time = 967377
Murnber af Time Steps = 30

b azz Balance Ermar

kodel Type: Analytic Element

Trangport Error = 004712708
Flows Error = ]

Mate: Flow errar anly walid for finite-element flow

Stahility Criteria
Peclet Mumber = 10564868
Courant Mumber = 7.93057

M axirurn Concentration = 0157433

Zero Concentrations

The Zero Concentrations menu resets initial concentration values to 0.
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Restart

The Restart menu sets the initial concentration in the WinTran model to be the
concentrations calculated at the last time step of the current model simulation.

Snap Wells to Contour Grid

The Snap Wells to Contour Grid menu controls whether the location of wells is
automatically adjusted to coincide with the closest contour grid node. Remember
that the finite-element mesh used for transport is identical to the contour matrix used to
contour heads. If you enter a well at a location other than a node (intersection of
contour grid lines), the velocities computed by WinTran around the well will not be
accurate. The inaccurate velocities may produce undesirable mass balance errors. It is
recommended that you use this option to ensure proper mass balance in the transport
model.

Calc Menu

Coarse & Fine

The Coarse and Fine menus contain the four directions to move the data over the
type curve (Up, Down, Left, Right). Coarse is equivalent to pressing the arrows on
the keyboard or the large arrow buttons on the toolbar nuun Fine is
equivalent to pressing the arrows on the keyboard while holding down the shift key.

Fine is also equivalent to the small arrow buttons on the toolbar Hunn

Linear Regression

NOTE: This menu is only active for step test analysis.

Two submenus are available on the Linear Regression menu. The first is the Single

Step menu or the button on the Step toolbar. The Single Step menu calculates
a linear regression line based on the active step. Since this analysis requires that the
slope of all regression lines for all steps be equal, the remaining steps are calculated
by specifying the slope and then finding the intercept of the best-fit line. The step is
chosen either by using the toolbar combobox in the Step toolbar, or using the Edit-
>Toggle Step menu.

The second is the Multiple Steps menu or the button on the Step toolbar. The
Multiple Step menu performs a linear regression on all steps combined to find the
best slope across all steps and the individual intercepts for each step.

Optimize

The Optimize menu or the button on either the Match toolbar or the Step
toolbar uses the Marquardt (modified Gauss-Newton) nonlinear least-squares
technique to find the best statistical match for the data from the active data set. In a
multiple well analysis, the active well is optimized.
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Optimize Group

Select the Optimize Group menu uses the Marquardt (modified Gauss-Newton)
nonlinear least-squares technique to find the best statistical match using the data
from all wells defined in the analysis. The parameters that are optimized across all
wells are defined by the Edit->Group Optimize Parameters menu. If no
parameters have be defined to optimize across all wells, the Optimize Group menu
is equivalent to using the Optimize menu for each well individually.

Reset Data Offset

The Reset Data Offset menu will set the offset of the match data to 0 which
synchronizes the origins of the data graph with the type curve graph it is
superimposed upon. Occasionally, the field data can get shifted so as not to be
visible on the graph; this condition can occur when the units of the data are changed
without converting the data values or if the optimization procedure fails to converge.

Recalculate Type Curves

Select the Recalculate Type Curves menu to recalculate all type curves based on
the prevailing parameters. At times the type curves become out of sync with the
current parameters and must be recomputed. The rightmost field on the status bar
indicates whether the displayed type curves are valid based on the prevailing
parameters.

Match Early Data

Select the Match Early Data menu to set up the match data graph to display and/or
adjust the match of early data in an unconfined analysis. In such an analysis, the
early match and the late match are separate and changing between Match Early Data
and Match Late Data may cause the data to shift relative to the type curves.

Match Late Data

Select the Match Late Data menu to set up the match data graph to display and/or
adjust the match results of late data in an unconfined analysis. In such an analysis,
the early match and the late match are separate and changing between Match Early
Data and Match Late Data may cause the data to shift relative to the type curves.

Recalculate

The Recalculate menu or the button of the Standard toolbar recalculates the
predicted drawdown matrix in a Simulation Document. Whenever you change a
parameter that invalidates the simulation, the word “Recalculate” appears in the
status bar indicating that the contour map and/or predicted drawdown versus time
graphs are not representative of the current simulation parameters.

Recontour

The Recontour menu or the button on the Standard toolbar recontours the
predicted drawdown matrix in a Simulation Document. Whenever you change a
parameter that changes the display characteristics of the contour lines the word
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“Recalculate” appears in the status bar indicating that the contour map and/or
predicted drawdown versus time graphs are not representative of the current
simulation parameters. The Recontour menu will redisplay the contours without
recalculating the predicted drawdown matrix.

Point Calc

Select the Point Calc menu to quickly compute values of drawdown at particular
points based on map coordinates. Choosing this menu displays the Point Calculation
dialog on the screen. You have the option to compute drawdown continuously as
you move the mouse or noncontinuously by entering specific coordinates. In
continuous mode, you move the mouse around the map and the drawdown is updated
in the dialog. In noncontinuous mode, you enter the specific coordinates in the
dialog, press the Calculate button, and the new drawdown is computed and
displayed. The Point Calculation dialog is modeless and linked to a specific
simulation document. As such, it remains visible until you close the document or
press the Close button.

Point Calculation - ex1

Spatial Parameters

w [B38.04 v [180.69 E

Cloze

Calculate

Head/D ravdawn

Head/Drawdown 22 314

Iv Continuous Calculation

Spatial Parameters

X: The x-coordinate of the point to calculate

Y: The y-coordinate of the point to calculate

Head/Drawdown

Head/Drawdown The calculated value of head/drawdown at the point

Continuous Calculation If checked, the value will be calculated every time
the mouse cursor moves over the map view

Close Close the dialog

Calculate Calculates the value of head/drawdown at the point
specified in X and Y

Match Data

Select the Match Data menu when the spreadsheet view is active to recalculate the
data points for a multiple well analysis. This would typically be done after changes
had been made to the time/drawdown data for individual wells in the spreadsheet
view. If the changes are made on a property sheet, the calculation is done
automatically.
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Target Statistics

The Target Statistics menu displays the Target Statistics Information property sheet
which is used to display the statistical differences between the observed target heads
or drawdowns and those calculated by the model. The Summary tab presents the
statistics across all target values. The Detail tab each individual target value and the
corresponding calculated value.

Target Statistics Information

Summary | Detail |

T arget Summany Statiztics

Fezidual Mean = -0.000105
Feszidual Standard Dew. = 0.000335
Residual Sum of Squares = 0000019
Abzolute Residual Mean = 0000200
kinimum Residual = -0.000304
M axirum Besidual = 0.000702

k. | Cancel | | Help |

Target Statistics Information

Summary  Detail l

Time | Observed | Predicted | Residual |+
(min} (ft) (ft) il

0.00166|204 687 204 637 -0.0004108
0002  |204.687 204 687 -0.0004108
0.0025 |204.687 204 687 -0.0004108
0.00333|204.687 204687 -0.0004108
0.00416(204. 687 204 687 -0.0004108
0.005 |204.687 204687 -0.0004108

0.00583|204.687 |204.687 |-0.0004108(%
A s mw [ omtevz [/ e [+

k. | Cancel | | Help |

||| = | =

Drawdown

The Drawdown menu toggles between the calculation of hydraulic head and
drawdown. If the menu is checked, drawdown is calculated and the reference head is
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ignored. If drawdown is being calculated, the target head values are assumed to
represent drawdown as well.

Optimize Model

The Optimize Model menu uses the Marquardt (modified Gauss-Newton) nonlinear
least-squares technique to find the best statistical match for the target head data
defined in the model.

Derivative Analysis

The Derivative Analysis menu toggles between the manual and automatic curve
matching of first-order derivatives. If the menu is checked, derivative type curves
are calculated and the derivative of the time/drawdown data is displayed. Likewise,
the Predicted view tab displays the derivative of the observed time/drawdown data
and the predicted derivative curve is calculated and displayed. Refer to the
Derivative Analysis section of the Concepts Chapter for more details.

Derivative Optimization

The Derivative Optimization menu toggles between the optimizing of predicted
drawdown and the optimizing of the first-order derivative of drawdown. If the menu
is checked, the derivative of the time/drawdown data is optimized; otherwise, the
drawdown itself is optimized. If the menu is grayed, the selected analysis does not
support optimization of derivatives. Refer to the Derivative Analysis section of the
Concepts Chapter for more details.

Options

The Options menu displays the Calculation Options property sheet used to control
the differentiation method and I-spacing used during a derivative analysis. It is also
used to specify the data offsets used in response to coarse and fine manual curve
match adjustments.

Calculation Options §|

Options ]

bdanual b atch Options

Coarse Adjustment |D1 E

Fine Adjustment \0.01 &

Preszzure Dervative Options

Differentiation Method | LEAST SOUARES j
L-Spacing |EI.'I E
k. | Cancel | Help |
Manual Match Options
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Coarse Adjustment
Fine Adjustment

Pressure Derivative Options

Differentiation Method

LEAST SQUARES
FIXED ENDPOINT
L-Spacing

Data Conversion

The distance in inches to move the data relative to the
type curves when performing a coarse adjustment

The distance in inches to move the data relative to the
type curves when performing a fine adjustment

Specifies the calculation method to use when
calculating derivatives

See discussion above
See discussion above

Specifies the interval over which data and type curve
derivatives are calculated

Select the Data Conversion menu to display the Data Conversion property sheet for
converting data from one set of units to another. This does not effect any parameter
or calculation in the program but is simply provided for your use in data conversions.

Data Conversion

]

Converzion l
Parameter: |Transmissi\-‘it_l,l j WATAL
Erom: |-I 0o #q ft/d To 743 gal/dft
Fram To l
Length Time Yalume
" inches " seconds " cubic inches
* fect T minutes " cubic feet
" millimeters " haours " cubic milimeters
" centimeters (* days " cubic centimeters
O meters " cubic meters
i+ gallonz
T liters
k. Cancel Help
Parameter Select the parameter you are converting values for
Convert Activate the conversion
From The value you want to convert in the adjacent units
To The converted value in the adjacent units
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To/From Tabs

Length Units of length corresponding to the active tab
Time Units of time corresponding to the active tab
Volume Units of volume corresponding to the active tab

Model Menu

The Model menu contains three submenus, Steady-state, Transient and
Transport. A checkmark appears next to the currently selected menu. If the menu
item is grayed, the currently selected model does not support this feature. You may
change the current model type by clicking on either Steady-State, Transient or
Transport. Only one checkmark can appear on this menu. For example, if the
checkmark is next to the Steady-state menu and you click the Transient menu, the
checkmark next to the Steady-state menu will disappear.

Steady-state models assume that all analytic elements (e.g. wells, linesinks, and
ponds) function at the same rate forever. The resulting water-level contour map
represents a long-term average condition, called steady-state. The transient model
computes water levels over time based on the time steps defined in the Transient
Model Information property sheet on the Time Steps tab. The transport model time
steps are defined on the Transport tab.

Window Menu

Cascade

The Cascade menu arranges windows in an overlapped fashion. The windows are
overlapped such that the corners of the windows align diagonally from the upper left
corner of the frame window.

Tile Horizontally

The Tile Horizontally menu arranges windows in non-overlapped tiles of equal size.
If possible the windows will be arranged horizontally.

Tile Vertically

The Tile Vertically menu arranges windows in non-overlapped tiles of equal size. If
possible the windows will be arranged vertically.

Arrange Icons

The Arrange Icons menu arranges the icons of closed windows along the bottom of
the frame window.

Split

The Split menu activates the separator between the panes of the active document
window so it can be moved with the keyboard arrow keys.
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Window 1, 2...

This menu represents a currently open document window. The menu will activate
the window and bring it to the foreground of the frame window.

Help Menu

Help Topics

The Help Topics menu displays the online help for Aquifer”™2. The online help
contains this entire manual with links established between the application and
pertinent chapters and/or subchapters.

Solution Help

The Solution Help menu displays the online help for the selected analytical solution
or analytical model. If the menu is grayed, the solution does not have a help file
associated with it. Typically the help file associated with particular analytical
solution will contain details about the solution, its parameters and how to apply
them.

What’s This?

The What’s This? menu allows identification of another menu, toolbar button, etc.
After selecting this menu, navigate the menus to locate the item you would like help
on and click on it.

Tip of the Day

The Tip of the Day menu displays the Tip of the Day dialog used to display
suggestions or help about functionality in Aquifer™ ™.

Tip of the Day §|

@ Did vou know...

Be sure to check Environmental Simulations fip site for
zoftware updates.

v Show Tips on Startlp Mext Tip | Cloze |
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Show Tips on StartUp  If checked, this dialog is displayed when the program is

started
Next Tip Advances to the next suggestion or help item
Close Closes the dialog
About AquiferWin32

The About AquiferWin32 displays the About AquiferWin32 dialog as below. This
dialog presents the program version number, credits and identifies the operating
system the application is running on.

About AquiferWin32

%g Aquiferw/ini2 Version 3.00 0K
i Developed by
Doug Rurnbaugh

Jim Rumbatigh
Copyright [2] 1937-2003 Enviranmental Simulations, [he.

Operating Spstem:  Microzoft wWindowsMT 5.1 [Build: 2600]

MHatice

Thiz zoftware uzes the Vizualization Toolkit [vHk], written
and copyrighted by K.en kMartin, 'l Schroeder and Bill
Laretnizen. The authars of wik has granted permizzion b
uze, copy, and diztibute vtk while retaining their copuright.

The Register button, when clicked, is used to register the software by displaying the
AquiferWin32 Registration dialog as below. The dialog displays a System Code
which can be copied to the clipboard (you do this by highlighting the system code
and pressing Ctrl-C) and pasted into an email to be sent to
aquifer@groundwatermodels.com or aquifer@esinternational.com. We will reply
with a security code that you paste or enter into the Security Code field in the above
dialog. Alternatively, you can get a security code by calling either ESI in the United
States at (610) 670-3400 or ESL in the United Kingdom at +44 1743 248600;
however, it is strongly recommended that the transaction be done via email since the
codes are rather long.
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AquiferWin32 Registration PX

% Aguiferwind2 Yerzion 3.00
i Copyright [2] 1997-2003 Enviranmental Simulations, [he.

Securty Code;

Autharization Lewvel: |M':":|E"”E| Wersion ﬂ

|n order to activate the functionality of the program wou must call
E nvironmental Simulations, Inc. and request a security code. The
zecunty code iz based on the System Code: dizplayed below zo
have the code ready when you call,

& el Btk \H4Q0-4LZ0 Z)90-87HE
o

Security Code: This is an encrypted code containing information
about your software license and the configuration of
the computer used to validate the license

Authorization Level: The level of functionality of the application granted
by the license

System Code: This is an encrypted code containing information
about your hardware configuration used to generate a
unique Security Code

About WinFlow

The About WinFlow displays the About WinFlow dialog as below. This dialog
presents the program version number, credits and identifies the operating system the
application is running on.

About WinF low

inF law erzion 3.00

[ o |
Developed by :
Doug Rumbaugh
Jim Rumbaugh
Copyright [£] 1335-2003 Environmerntal Simulations, [nc.

Operating Systern: Microzaft WindowsMNT 5.1 [Build: 2600]

Matice

Thiz software uzes the Yisualization Toolkit [vHk], writhen
and copyrighted by K.en Martin, 'l Schroeder and Bill
Lorenzen. The authars of wik has granted permizzion o
wze, copy, and distribute itk while retaining their copyright,
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The Register button, when clicked, is used to register the software by displaying the
WinFlow Registration dialog as below. The dialog displays a System Code which
can be copied to the clipboard (you do this by highlighting the system code and
pressing Ctrl-C) and pasted into an email to be sent to
aquifer@groundwatermodels.com or aquifer@esinternational.com. We will reply
with a security code that you paste or enter into the Security Code field in the above
dialog. Alternatively, you can get a security code by calling either ESI in the United
States at (610) 670-3400 or ESL in the United Kingdom at +44 1743 248600;
however, it is strongly recommended that the transaction be done via email since the
codes are rather long.

WinF low Registration §|

WinFlow Werzion 3.00
Coperight [g] 1995-2003 Environmental Simulationsz, [ne.

Securty Code; "

Authaorization Level: |5tf'”':|f"':| Wersion ﬂ

In order to activate the functionality of the program pou must call
E nvironmental Simulations, Inz. and request a security code. The
gecunty code is bazed on the System Code: dizplaved below zo
have the code ready when you call,

S i Codla \HAD0ALZD-ZI90-87
o

Security Code: This is an encrypted code containing information
about your software license and the configuration of
the computer used to validate the license

Authorization Level: The level of functionality of the application granted
by the license

System Code: This is an encrypted code containing information

about your hardware configuration used to generate a
unique Security Code

Miscellaneous Dialogs and Property Sheets

Regression Line Information

The Regression Line Information property sheet is used to manually set the intercept
and slope of a linear regression line.
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X)

Line Information

Reqgression Line ]

Line Shyle

Thickress | ™ point_»
Dash |—j Lenigth m

Cilar

Regreszzion Parameters

Intercept |2.13?BEI E Slope | CO151776 E

] | Cancel | Help |

Line Style

Color: The color used to display the line

Thickness: The thickness in points of the line

Dash: The dash pattern to use for the line

Length: The length in inches of the dash pattern for the line

Regression Parameters
Intercept The y-intercept of the line
Slope The slope of the line

Symbol Information

The Symbol Information property sheet is used to change the style of the symbol
used to represent a specific data point.

Symbol Information [5__<|
Symbol l
Syrnbal Style

Color |- Fed j Thickress |* point -
Symbol | A - Cize |8 point -

] 4 | Cancel | Help |

Symbol Style
Color The color to use when displaying the symbol
Thickness The line thickness to use when displaying the symbol
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Symbol The symbol to display

Size The size of the symbol in points

Advanced Solution

This Advanced Solution Information dialog is accessed from the Advanced button
on the Solution tab of the Solution Information property sheet. If you have
convergence problems, this dialog is the first place to go. Turn off Calculate Initial
Estimates by clicking on the check-box to remove the check mark. Now, go back
and try a manual match making sure to select the type curve you are matching to.
Also, make sure you have fine-tuned the match after you have selected the curve.
Merely selecting a type curve does not update the initial guess of the type parameter;
this is only done when you perform a manual match.

If optimization fails again, you should increase the value of Lambda by several
orders of magnitude. With higher values of Lambda the solution is more likely to
converge but the precision of convergence is diminished. If you set Lambda to a
value of 1 or 10 and you are still can’t achieve convergence, go to the Solution
Information property sheet and look at the Results tabs. One or more of the
parameters are likely diverging and have become invalid. A likely candidate might
be the parameter represented by the type curves. Go to the Exceptions and start
enforcing minimum and maximum values. The more you constrain the solution, the
more likely it will converge.

Advanced Solution Information

D erivative Fraction 0.01 E

Cancel
Derivative Type | Central ﬂ

Zero Dervative Value  |0.0007
Larmbda Q.00

[ Calculate Initial E stimates

Derivative Fraction Determines the fraction of the current parameter
value to be add/subtracted when calculating
derivatives during optimization

Derivative Type Determines how derivatives are calculated

Central Parameter Value plus or minus .5*(Derivative Fraction *
Parameter Value)

Backward  Parameter Value minus (Derivative Fraction * Parameter
Value)

Forward Parameter Value plus (Derivative Fraction * Parameter Value)

Zero Derivative Value Value to assign to (Derivative Fraction * Parameter
Value) if it calculates to 0
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Lambda This parameter controls how sensitive the
optimization solution is. The default value of .0001
can be increased by orders of magnitude to help solve
convergence problems.

Calculate Initial Estimates If checked, initial estimates for Transmissivity and
Storage coefficient are calculated using a straight-line
approximation.

Header/Footer Name

The Header/Footer Name dialog is accessed via the New and Rename buttons on
the Header/Footer tab of the Page Setup Options property sheet.

Header/Footer Mame §|

Header/Footer Mame

Ok | Cancel

Header/Footer Name Descriptive name given to a header/footer element

Selection Edit Options

A dynamic Selection Edit Options property sheet is created to allow the currently
selected data lines to be edited in a block. Each column visible in the spreadsheet is
added as a separate tab in the property sheet with a name corresponding to the
column it represents. There are two types of columns, numeric and symbol; an
example of each is described below.
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Selection Edit Options

Drata alue

" SetValue

" Change Value

Data Adjustment

[ Transformation

[ Clipping

Time l Drawdnwn] Weight] 5.'r'|""|:"3'|]

* Let%alue Unchanged

From |0 E To 0 E

" Arithretic Steps

" Logarithmic Steps  First

Scale |1 E Offzet (O E

X

o B

0 E lner, |0 E
0 E Per Cycle |10 E

o B Me 0 H

2k, | Cancel | | Help |

Data Value
Let Value Unchanged

Set Value

Change Value

Arithmetic Steps

Logarithmic Steps

Time Adjustment

Transformation

Scale

Offset

When set, the data value in this column is not
changed

When set, the data value in this column is set to value
in the adjacent edit field

When set, if the data value in this column equals
value in the adjacent From data field, the data value
is changed to the value in the 7o data field

When set, the data value in this column for the first
line of the selection is set to the value in the Min. data
field and subsequent lines are incremented by the
value in the Incr. data field

When set, the data value in this column for the first
line of the selection is set to the value in the First
data field and subsequent lines are incremented by
the value calculated from the Per Cycle data field; the
increment is calculated such that there would be Per
Cycle evenly spaced log values per log cycle.

When checked, the column data are transformed by
multiplying it by the Scale and adding the Offset

Specifies the value by which to multiply the column
value if transformation is active

Specifies the value to be added to the scaled column
value if transformation is active
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Clipping

Minimum

Maximum

Selection Edit Options

[atafalue

" SetValue

Time | Drawdown | Wweight Symbol l

* | etalue Unchanged

When checked, the column data are clipped based on
the specified Minimum and Maximum values

Specifies the minimum acceptable value for the
column data; data points with a column value less
than this value are removed

Specifies the maximum acceptable value for the
column data; data points with a column value greater
than this value are removed

Color | I Red v Thickness % paint v |
Symbal | % - Cize |8 point vl

" ChangeValue Colar |- Red j Thickness |}5 paint vl
Symbal | 0w Cize |5 point vl

Operate on:~ » Calar

v Thickness [v Surnbal v Size

k. | Cancel Help

Data Value
Let Value Unchanged
Set Value

Change Value

Operate on:

Color

Thickness

Symbol

Size

When set, the symbol in this column is not changed

When set, the symbol in this column is set to the
adjacent symbol styles

When set, if the symbol in this column equals the
adjacent symbol style, the symbol is changed to the
symbol style defined for the Set Value

When checked, the symbol definitions above include
the symbol color

When checked, the symbol definitions above include
the symbol thickness

When checked, the symbol definitions above include
the symbol type

When checked, the symbol definitions above include
the symbol size
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WinFlow Units

The WinFlow Units dialog sheet is used to set the units pertinent to the WinFlow
Version 1.0 file being opened. WinFlow Version 1.0 used consistent units which
were not specified.

WinFlow Units X

WinFlow Werzion 1.0 uzed conzsistent but unspecified units;

therefore, you need to specify the Time and Length units

pertinent to the data file. Once the data file has been loaded, Cancel
wou can change units to take advantage of the enhanced unit
capabilities.

Input File Units

Time Units g

Length Units | ft ﬂ

Input File Units
Time Units The time units that apply to the WinFlow file
Length Units The length units that apply to the WinFlow file

WinTran Units

The WinTran Units dialog is used to set the units pertinent to the WinTran Version
1.0 file being opened. WinTran Version 1.0 used consistent units which were not
specified.

WinTran Units

WinT ran Wersion 1.0 used consistent but unzpecified units;
therefore, you need to specify the unitz pertinent to the data

file. Once the data file has been loaded, you can change Cancel
units to take advantage of the enhanced unit capabilities.

Input File Units

Time Units g

Length Units | ft ﬂ

Concentration Units |”"E|“’| ﬂ
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Input File Units

Time Units The time units that apply to the WinTran file
Length Units The length units that apply to the WinTran file
Concentration Units The concentration units that apply to the WinTran
file

Legend Wizard
Lengends generated by the legend wizard are of the style below:

e LEGEND

Transmissivity 000100398 sq misec

Storage Coefficient  2.03807e-005

Beta () 0.1

Specific Yield 196404

% Data Used a Daa kyhred

The legend has three sections, the Title sublegend, the Parameter sublegend and the
Symbol sublegend. The Title and Symbol sublegends are optional as is the bitmap in
the Title sublegend.

To customize the legend created with the wizard, click the Create custom legend
radio button and the Finish button becomes a Next button to continue the
customization. Two other options are available via check boxes. The Don’t use this
wizard for future editing option overrides the default behavior that, when you
double click the legend to edit it, the wizard will not be used. The Automatically
Adjust and Locate Legend check box controls whether the system will
automatically maintain the location of the legend.
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Legend Wizard

+ o+ o+ o+

Nasrasbahiy

Mmragrl arThind

- Analyziz Parameters
Radial Distance
Pumping R ate
Tranzmizsivity
Storage Coefficient

04019 e

(FTTIELTET]

[

41 el

Ize this wizard ho create a simple legend.

Available analysis parameters and a general
style are zelected to create a legend.

“What level of azsiztance iz required?
" Create emphy legend
' |lze gpstem default legend
" Create custom legend

[ Daon't uze thiz wizard for future editing.

[v Automatically Adjust and Locate Legend

| Finizh | Cancel Help

X]

Create empty legend

Use system default legend

Create custom legend

Don’t use this wizard...

Automatically Adjust...

An empty legend object is created as in previous
versions so you can manually set it up.

The system default legend is created for the selected
analysis.

The contents of the system default legend are loaded;
however, subsequent pages of the wizard allow for
customization of the legend.

If this checkbox is checked, future editing of the
legend will not use this wizard.

If this checkbox is checked, the contents and location
of the legend will be automatically maintained.
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Parameters
+- Solution [nformation - Append >
Site [nf fi
e omaiy s | (8550
ez n.nrma u:-n. Inzer S pecific Yield
+- Analyziz Information
+- Page Information
= Current Wel
+- el Mame
4 # Coordinate
47 Coordinate
= Analyziz Parameters
+- Radial Diztance << Hemove
+- Pumping Fate
=M
000100398 zqr
£ > Title: | Transmissivity
< Back | Mewt » | Cancel Help

Left tree control

Right list control

Append

Insert

Remove

Up Arrow

Down Arrow

Title

The left tree control contains all parameters available
for the selected analysis that could be added to the
legend

The right tree control contains the parameters that
will be used to create the legend. They will appear,
top to bottom, in the order they appear in this
list.length

The parameter selected in the left tree control will be
added as the last item in the right list control

The parameter selected in the left tree control will be
added above the item selected in the right list control

The parameter selected in the right list control will be
removed from the list

The parameter selected in the right list will be moved
up in the list

The parameter selected in the right list will be moved
down in the list

The title, to be displayed in the legend, of the item
selected in the right list is displayed and editable in
this field
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Text

Legend Title

EDnt... Lual

Legend Title: |LE GEMD

LColor: ]|:| wihite L]

FParameter Titlez

Font... Arial

d

Calar: |- Black j

Farameter ' alues

Font...
Format: |DEFAULT -

Calar: |- Black LJ
Precision: |2 E

¢ Back Cancel Help

Legend Title
Font

Color
Legend Title:
Parameter Titles

Font

Color
Parameter Values

Font

Color

Format:

Precision:

Defines the font, font style and size for the legend
title

Defines the color used for the legend title text

The title to use when creating the Title sublegend.

Defines the font, font style and size for the parameter
titles in the main part of the legend

Defines the color used for the parameter titles

Defines the font, font style and size for the parameter
values in the main part of the legend

Defines the color used for the parameter values

The numeric format to use when displaying the
parameter values

The number of digits to the right of the decimal point
to use when displaying the parameter values
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Styles E
kain Legend Style
Border Calar: Border Thickness: |4 point =

-]

[+ Spmbol Sublegend

j Border Thickness: m

Background Color: ||:| Silver

[v Title Sublegend
Title Sublegend Style

[v Title Bitmap

I Black

Background Color; |- Gray

Border Caolor:

Title Bitrmap

Browse. ..

File M ame: |

< Back | et > |

Cancel | Help |

Main Legend Style

Border Color: The color to use for the border line around the main

part of the legend

Border Thickness: The line thckness of the main legend border in points

Background Color The color to use for the background of the main part
of the legend

Title SubLegend When checked, the title sublegend is displayed in the
legend

Symbol SubLegend When checked, the symbol sublegend is displayed in
the legend

Title Bitmap When checked, a bitmap is displayed in the left hand

portion of the title sublegend
Title SubLegend Style

Border Color: The color to use for the border line around the title
sublegend part of the legend

Border Thickness: The line thckness of the title sublegend border in
points

Background Color The color to use for the background of the title
sublegend

Title Bitmap

File Name: The name of the bitmap file that was loaded into the

title sublegend; the file is stored internally so the file
need not exist after it has been read
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Browse Click this button to display a File Open dialog to
allow for the selection of an appropriate bitmap file

Symbols

Symbol SublLegend Style

Barder Calar:

Background Color: ||:| Silver

Symbaol SublLegend Contents

[~

Border Thickness: |4 point -+

Symhol Description i
1 = Data Used
2 s Diata lgnored *
«[ -+

Colar: |- Black j

¢ Back | Finizh | Cancel | Help

]

Symbol SubLegend Style

Border Color: The color to use for the border line around the
symbol sublegend part of the legend

Border Thickness: The line thckness of the symbol sublegend border in
points

Background Color The color to use for the background of the symbol
sublegend

Symbol SubLegend Contents

The contents of the spreadsheet define the symbol/description combinations that will

be displayed in the symbol sublegend

Font Defines the font, font style and size for the symbol
descriptions in the symbol sublegend

Color Defines the color used for the descriptions in the
symbol sublegend
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WinFlow and WinTran Parameter Tabs

Parameters

Model Information

Aquifer Parameters

Su:uluti-:un] Reference Head] Fiecharge Parameters l

Aquifer Tap |5':":'
Aquifer B ottam 0
Porosity 0.2

Hudraulic Farameters

&
&
&

Hydraulic Conductivity |-I oo

Storage coefficient 0,001

Leakage Factar 0

[F CF CE

X

k. | Cancel | Help |
Aquifer Parameters
Aquifer Top Elevation of the top of the aquifer
Aquifer Bottom Elevation of the bottom of the aquifer
Porosity Porosity of the aquifer
Hydraulic Parameters
Hydraulic Conductivity Value to use for the hydraulic conductivity of the
aquifer
Storage coefficient Value to use for the storage coefficient of the aquifer
Leakage Factor Value to use for the leakage factor of the aquifer
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Flow

Model Information

Aquifer Parameters
Aquifer Top
Aquifer Baottam

Porosity

Storage coefficient

Leakage Factor

Fecharge Flow lTranspDrt] Snlver] i

froo

0.2

Hydraulic Parameters

[E R CE

Hydraulic Conduchivity |'I oo

|0.001

[F [F CE

k. | Cancel | | Help |

Aquifer Parameters
Aquifer Top

Aquifer Bottom
Porosity

Hydraulic Parameters

Hydraulic Conductivity

Storage coefficient

Leakage Factor

Elevation of the top of the aquifer
Elevation of the bottom of the aquifer

Porosity of the aquifer

Value to use for the hydraulic conductivity of the
aquifer

Value to use for the storage coefficient of the aquifer

Value to use for the leakage factor of the aquifer
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Transport
Model Information E'
Hecharge] Flow  Transport l Snlver] i

Tranzport Parameters

Longitudinal Dizpersivity |3':I

Transwverze Dizpersivity |E

Diffusion Coefficient |0

Half ffe 0

[E R [E CE EE

Retardation Coefficient |-I

k. | Cancel Help

Transport Parameters

Longitudinal Dispersivity Value to use for the longitudinal dispersivity of the
aquifer

Transverse Dispersivity Value to use for the transverse dispersivity of the
aquifer

Diffusion Coefficient Value to use for the diffusion coefficient of the
aquifer

Half life Value to use for the half life of the aquifer

Retardation Coefficient Value to use for the retardation coefficient of the
aquifer
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Solver

Model Information

Solution Parameters

Time Stepping Scheme

Hecharge] Flow ] Transport  Sabver l AL

Idpztream *eighting in & |':I E
pztream *Weighting in ' ||:I E

| Backward-in-Time ﬂ

Flow Maodel Tupe |.ﬁ.nal_l,lti|: Elernent ﬂ
ok, | Cancel Help

Solution Parameters
Upstream Weighting in X
Upstream Weighting in Y

Time Stepping Scheme

Flow Model Type

Value to use for the upstream weighting in x

Value to use for the upstream weighting in y within
the WinTran solver

Value to use for the time stepping scheme within the
WinTran solver

Value to use for the flow model type within the
WinTran solver
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WinFlow/WinTran Mathematical

Models

Steady-state Model

The equations used in the steady-state portion of WinFlow are derived by Otto D. L.
Strack’s Groundwater Mechanics (Strack, 1989). If you intend to use WinFlow
routinely, you should get a copy of Groundwater Mechanics. It is well written and
will give you valuable insight into the underlying assumptions of the analytical
equations. You will also be introducted to more advanced techniques not included in
WinFlow. The book contains sample FORTRAN source code for the analytical
functions in WinFlow.

Dr. Strack is well known for his SLAEM software (Single Layer Analytic Element
Model), which is much more advanced than WinFlow. He has also developed a
three-dimensional version of SLAEM. If you like analytical modeling with
WinFlow but need more power and flexibility, you may be interested in SLAEM.
Dr. Strack can be reached in the Civil and Mineral Engineering Department of the
University of Minnesota.

The analytic functions developed by Strack (1989) use the principle of superposition
to compute the head at a point in the aquifer system. The total effect resulting from
several analytic functions, such as a pumping wells, is equal to the sum of the
individual effect caused by each analytic function acting separately. For example, if
you wanted to compute the total drawdown at a point resulting from three pumping
wells, you would compute the drawdown caused by each well at that point and then
sum the drawdowns.

WinFlow allows you to select from a number of analytic functions to simulate two-
dimensional horizontal ground-water flow, including

Uniform regional flow,

Wells,

Recharge (elliptical area),

Circular recharge areas (Ponds), and

Line sinks and sources.
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The head at any point in the system may be computed by summing the effects of any
number of the above functions. The equations used to compute the head are
described below.

The analytic equations are expressed in terms of discharge potential to keep the
equations linear for both confined and unconfined flow. The discharge vector points
in the direction of ground-water flow and the magnitude of the discharge potential
equals the volume of water flowing through a cross-section of unit width. In
computing head at a point, the discharge potential is computed first and then
converted to head using the following equations:

for confined flow:

1
O+ KH’
¢ = 2
KH
and for unconfined flow:
20
¢ K

where:

® = discharge potential (L*/T)

K = hydraulic conductivity (L/T)
H = aquifer thickness (L)

¢ =head (L)

Using these formulae, WinFlow automatically accounts for the transition from
confined to unconfined flow. The following equations are used to compute the
discharge potential at any point (x,y) in the system. The equations above are then
used to convert the discharge potential to head.

Uniform Flow

d(x,y)=-0 (xcosa,+ysina,)+C

Wells

> ©, In/ 1 (x, »)] +

=]
Y4

Recharge
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N
/ . 2
'7m[(61251n20(,+bZCOSZOt,)(x-xr) -

2(a’-b’)(x-x.)(y-V,)sina,cosa,

+(a’cos a,+b’sin’a, )(y-y, ) -a’b’]
Ponds

Inside Pond:
-2l Gxy S+ -9, S R, TN,

Outside Pond:

n 1 2 (x_xpj)2+()}-ypj)2
'zj:17[R p/.ln[ R 1] Ny,

P;

Linesinks of Known Flux

+ 2 TIR(Z + DI 41) - (Z - Dn(Z -1 + 2 (

J=1

2-4-y

j 2

where:
X = x coordinate of calculation point
y =y coordinate of calculation point
Qo = uniform flow [L*/T]
oy = angle between uniform flow and x-axis
Q; = discharge of well j [L*/T]
1 = distance from well j to calculation point [L]
N = recharge rate [L/T]
a = length of a-axis of recharge ellipse [L]
b = length of b-axis of recharge ellipse [L]
X, = x coordinate of center of recharge ellipse [L]
Vi =y coordinate of center of recharge ellipse [L]
o = angle between a-axis and x-axis

Guide to Using AquiferWin32 WinFlow/WinTran Mathematical Models e 365



Xpi = x coordinate of center of pond j [L]
Ypi =y coordinate of center of pond j [L]
Ry; = radius of pond j [L]
Npj = infiltration rate of pond j
j = flow per unit length for linesink j [L*/T]
L; = length of linesink j [L]
z' = starting coordinates of linesink j
z = ending coordinates of linesink j
C = constant
z =X +1iy
1.1 2

L2 TG

Zi=Zi(z,—,—)=——""F"—"

2z 121
2z z

The uniform flow component above does not contain a gradient term explicitly, even
though you enter the gradient in WinFlow to define uniform regional flow. The Q,
term represents the flow per unit width of aquifer and is computed as Q, = KB,
where: i = the gradient, K = hydraulic conductivity, and B = saturated thickness.
WinFlow computes the Q, term at the reference point; therefore, you do not need to
enter Q,.

There are two equations for ponds depending upon whether the point (x,y) is located
inside the pond or outside of the pond. Thus, either pond equation is used, but not
both.

The term that computes the contribution to the discharge potential for line sinks is
expressed in terms of complex numbers. The expression R{} signifies that the real
portion of the complex number computed by the complex expression {} is used in
the equation.

The expression for the discharge potential contains one unknown constant C. The
constant C is evaluated by requiring that the potential be known at some point (X,,y,)
in the system. Once this potential is known, the equation is solved for the constant
C. An important ramification of this approach is that the head always equals the
reference head at the reference point. This approach is equivalent to setting a
constant head cell in a numerical model. It is very important to keep this reference
head as far as possible from the area of interest.

WinFlow allows you to specify linesinks of unknown flux by defining a head at the
center of the linesink. For n linesinks of specified head, there are n+/ unknowns
(the flux for each linesink and the constant C). In this case, the equations are solved
numerically to compute the constant C and the flux for each linesink of specified
head.
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Transient Model

Basic Models

The transient model in WinFlow uses the analytical solutions of Theis (1935) and
Hantush and Jacob (1955) to compute drawdown from a pumping well. Drawdowns
from multiple individual wells are then added using the principle of superposition
(Reilly et al., 1987) to compute the effective drawdown at a point. Finally, the
cumulative drawdown is subtracted from a planar potentiometric surface. The
surface may be horizontal or inclined at some angle, given by the uniform gradient
vector.

The procedure for calculating the head at any point and time (x,y,t) is given below:

P(x,y,t)=C-G(xcosa +ysina )-2_;s,

where:
¢ = head
G = regional gradient [L/L]
o = angle between regional gradient and x-axis
(x,y) = coordinates of calculation point
t = time to compute drawdown
Sj = drawdown computed for well j
C = constant

The constant C is computed using the reference head, as in the steady-state model.
The main difference between the steady-state model and the transient model is that
the reference head is maintained at a constant value in the steady-state model.
However, the reference head is simply a starting point for calculations in the
transient model. That is, drawdowns computed at the reference location are
subtracted from the reference head. The constant C is evaluated as follows:

C=¢,+G(x,cosa +y, sina)

where:
O; = reference head
Xo = x coordinate of reference head
Yo =y coordinate of reference head

There is an option, however, to keep the reference head at a constant value. This
option was added so that the results would be consistent with the steady-state model.
If you elect to keep the reference head constant in the transient model, drawdown is
computed at the reference head location and then added to all heads in the contour
matrix. The result is that the potentiometric surface is raised by a constant value.
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Although the absolute values of head will be different between the two approaches,
the flow directions and travel times (using particle-tracking) will be identical. The
reference head should not be held constant if a drawdown model is being calculated
because there would be zero drawdown at the reference head location.

The drawdown (s;) is computed from one of two equations. If the leakage factor (L)
is zero, the Theis equation is used. If leakage is nonzero, the Hantush and Jacob
leaky aquifer solution is computed.

The Theis (1935) equation for unsteady flow to a well in a confined aquifer makes
the following simplifying assumptions:

aquifer has infinite areal extent;

aquifer is homogeneous, isotropic, and of uniform thickness;
aquifer potentiometric surface is initially horizontal;
pumping rate is constant;

well fully penetrates the aquifer;

horizontal ground-water flow;

aquifer is confined,

flow is unsteady;

water is released instantaneously from storage with decline of hydraulic
head;

diameter of pumping well is very small so that storage in the well can be
neglected;

Drawdown is calculated as described below.

s = %w(u)

where:
e'y
w(u) = Theis well function = | —dy
Y

u=r’'S/ (4Tt

r = distance from well to point (x,y)

T = aquifer transmissivity [L*/T]

S = storage coefficient [dimensionless]
t =time

Q = pumping rate [L*/T]

The Theis well function, also known as the exponential integral, is computed in
WinFlow using a numerical approximation given by Abramowitz and Stegun (1965).
This approach is verified in the next chapter.
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The Hantush and Jacob (1955) equation for unsteady flow to a well in a semi-
confined aquifer with no storage in aquitards makes the following simplifying
assumptions:

aquifer has infinite areal extent;

aquifer is homogeneous, isotropic, and of uniform thickness;
aquifer potentiometric surface is initially horizontal;
pumping rate is constant;

well fully penetrates the aquifer;

horizontal ground-water flow;

aquifer is semi-confined;

flow is unsteady;

water is released instantaneously from storage with decline of hydraulic
head;

diameter of pumping well is very small so that storage in the well can be
neglected;

confining bed(s) has infinite areal extent, uniform vertical hydraulic
conductivity, and uniform thickness;

confining bed(s) is overlain or underlain by an infinite constant-head plane
source; and

flow in the aquitard is vertical.

Drawdown is calculated as described below.

where:

_ 9 r
S= 4V

2
© L -y
w(u,r/B) = Hantush well function = .[ " ; e ~ 4B’y dy

u =r'S/(@4Tt
Th
B = X
b' = thickness of aquitard [L]
K' = vertical hydraulic conductivity of aquitard [L/T]
T = aquifer transmissivity [L*/T]

The Hantush and Jacob well function is evaluated numerically using a method
described by Case et al. (1979). The next chapter verifies that the Hantush and Jacob
(1955) well function calculations are accurate.
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Implementing Ponds and Linesinks

Ponds and linesinks are available for the transient model as well as the steady-state
model. The pond element is implemented using the Hantush (1967) analytical
solution for computing the water-table rise beneath a circular recharging area.
Linesinks (flux only) are implemented approximately using a series of wells evenly
spaced along the linesink. You may determine the number of wells used to
approximate each linesink. It will be more accurate as the number of wells
increases. Both pond and linesink transient elements are described below.

Ponds are computed in the transient model using the Hantush (1967) method for
circular recharge areas. WinFlow uses the approximate version of the Hantush

mound equation, given as follows:

forr<R:

V 7 1
2_pi=" Wi ) “up 4 ] - oo
h - h 27zK[ (o) (R) e uo( e")]

and forr > R:

v
W-n :ﬁ[ Wuw)+0.5u)e"]

where:

h = the water-table elevation (above the datum plane)
h; = the initial water-table elevation without the pond
K = hydraulic conductivity (L/T) of the aquifer

W() = Theis well function

o = R¥/4vt

u = r*/4vt

t = time after start of infiltration

v =Kb/S

\'% = wn R?

w = constant percolation rate (L/T)

S = storativity
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b =0.5[h;+ h]
R = radius of the pond (L)

T = radius of calculation point from center of pond (L)

The Hantush (1967) mound solution was developed with the following simplifying
assumptions:

the water-table rise is less than 2 percent of the saturated thickness
t>0.5*v (u<0.5) forr <R

t>0.5 R¥v forr >R

otherwise, it uses the same assumptions as the Theis solution.

Linesinks are simulated in the transient model using an approximate method. The
linesink is discretized into n evenly spaced wells with one well located at either end
of the linesink. Each well in the interior of the linesink pumps at a rate of Q/(n-1)
and the wells at the endpoints of the linesink pump at a rate of 0.5 Q/(n-1). This
approximation becomes more accurate as the number of wells increases. You
control the number of wells used to approximate linesinks in WinFlow.

Solute Transport Model

Introduction

Closed form analytical solutions to the governing equations of ground- water flow
have wide application in subsurface remediation projects. Complex flow problems
can be solved using these analytical techniques. The analytic element method
developed by Strack (1989), as discussed in the previous section, is especially useful
in modeling complex two- dimensional ground- water flow systerns. The analytic
elements include wells, line- sinks, and recharge areas, among others, that can be
used to simulate a variety of subsurface remedial alternatives. While these analytic
techniques cannot treat the range of complexity provided by numerical techniques,
the analytical models have advantages over numerical models in ease of use and
speed of application.

Analytical solutions to the solute transport equations, on the other hand, are not as
directly applicable to remediation projects. One of the primary problems with
transport analytical solutions is the inability to treat changes in the flow field caused
by wells, drains, and recharge. Transport solutions are normally limited to a uniform
groundwater flow field. In order to obtain useful solutions to transport problems,
therefore, the modeler must resort to more powerful numerical techniques, which
require more time and effort to simulate.

A hybrid technique has been developed for use in WinTran that combines an
analytical flow model with a numerical transport model. This technique combines
the ease of use of an analytical model with the flexibility of a numerical model. The
flow model utilizes the analytical element techniques of Strack (1989). The transport
model is based upon the finite- element method using rectangular elements and
linear basis functions. The two models are both contained within WinTran.

The hybrid model first solves for the flow field using the analytic element method.
Boundary conditions for the finite- element model are then automatically taken from
the analytical flow model. The finite- element mesh is coincident with the head
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matrix used to contour results obtained from the flow simulation. Thus, you do not
need to explicitly design a numerical grid or mesh system of nodes. You simply
specify the location of the mesh and the number of rows and columns in the mesh.
Because you are somewhat insulated from the mesh design, significant error-
checking facilities are provided to warn of large mass balance errors and other
potential problems such as violating specified Peclet and Courant criteria.

The Hybrid Approach

The hybrid analytical flow/numerical transport model combines the analytic element
method developed by Strack (1989) with a finite- element transport technique
developed by Huyakorn and others (1983). The model is constructed in six stages,
most of which are transparent to the user. The six stages indude the following:

(1) The modeler designs the analytical flow model by specifying uniform aquifer
properties, a regional hydraulic gradient, and analytic elements (e.g. wells, line sinks,
circular recharge areas, and uniform recharge). The flow model was derived from the
WinFlow model (ESI, 1995).

(2) The analytical flow model is infinite in extent; however, the user must specify a
rectangular region of interest where head is computed and contoured.

(3) Head is computed at discrete points over the rectangular area of interest and a
contour map is produced. These points are arranged in a regular mesh of n rows by m
columns called the contour matrix. The spacings between rows and between columns
are constant.

(4) Ground- water velocities are computed analytically at the centroid of each
rectangular cell in the contour matrix (See the Figure below). These velocities are
provided directly to the transport model and the contour matrix defines the finite-
element mesh.

Contour Matrix
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(5) Specify initial concentrations over the contour matrix and the nature and extent of
contaminant sources.

(6) The finite- element transport model is solved for the specified simulation time(s)
and results are contoured.

These six stages require relatively little user- intervention. For example, the finite-
element mesh data are generated automatically. In addition, ground- water velocities
are recomputed each time a change is made to the flow model. The element
velocities are passed automatically to the transport model.

The Finite Element Transport Model

The solute transport model solves the partial differential equation describing the
advection and dispersion of the dissolved species, as shown below:

0 oc 0 oc 0 oc 0 oc

— —)+— = )+—= —)+—= =

™ (D ax) e (D,y ay) > (D.y ay) & (D« ax)
oc oc oc .

-V.—- — =dR—+ AdRc+ -

Vax Vyay ) Py PRc+q(c-c')

where c is the solute concentration (M/L>); ¢’ is the solute concentration in the
injected water (M/L3); Dy, Dyy, Dyy, and Dy, are the components of the
hydrodynamic dispersion tensor (L*/T); ¢ is porosity (dimensionless); R is the
retardation factor (dimensionless); q is the injection rate per volume of aquifer
material (L*/T/L?); and A is the first- order decay coefficient (T"'). The Darcy
velocity components are computed by the analytical flow model at the element
centroids, as described above.

The dispersion coefficients are computed as described below:

2
Dﬁ%mrlmm*

(aL -aT)Vny
Dy=Dy= |—V!

where o is the longitudinal dispersivity, o is the transverse dispersivity, D* is the
molecular diffusion coefficient (L*/T), and |V| is the magnitude of the Darcy velocity
(L/T).

The retardation factor is computed from the aquifer bulk density (ps in M/L*) and the
distribution coefficient (kq in L*/M) as described below:

pska

R=F"4

Boundary conditions for the transport model include prescribed concentration and
mixed- type boundaries. The latter are used around the edges of the finite- element
mesh, where solute is removed if flow is exiting the model domain.

The solute transport equation is solved at each node in the finite element mesh using
the Galerkin finite element method. A simplification has been adopted for
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rectangular elements with linear basis functions. The technique is called the
influence coefficient method and is described by Huyakorn and others (1983). The
finite element formulation results in a system of linear algebraic equations with an
asymmetric banded coefficient matrix. The matrix is solved using a direct solver
based on the LU decomposition of a banded matrix. The finite element equations are
not presented but can be found in Huyakorn and others (1983) or in Huyakorn and
Pinder (1983).
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WinFlow/WinTran Verification

Introduction

Verification is the process of demonstrating that the computer program performs as
documented. In the case of a model, such as WinFlow, verification tests for proper
implementation of the applicable equations. These equations are documented in
Chapter 5 and are tested in this chapter.

The steady-state and transient models are tested separately, as described below. In
each case, the model is first tested using a simple example that can be solved with a
calculator. Next, WinFlow computations are compared against either another code
solving the same problem or against published answers. The steady-state model is
further tested by comparing WinFlow results against those of a popular numerical
model, MODFLOW (McDonald and Harbaugh, 1988).

Steady-state Model

Three sets of verification problems are presented for the steady-state analytical
functions used in WinFlow. In the first problem, a simple uniform flow field with a
single pumping well is solved using WinFlow and a calculator. This is one of the
more common uses for WinFlow and illustrates that the basic code functions are
programmed accurately. In the second case, a series of problems are benchmarked
against the program SLWL (Strack, 1989). Finally, a simple test case of a single
well in a uniform unconfined flow field is a benchmark against the numerical model,
MODFLOW.

Case 1: Uniform Flow with a Single Well

The steady-state analytic function for a single well in a uniform flow field is given
by Strack (1989) as follows:

Q

®=-0Q, (xcosa+ysina)+—
i

In/r* ()] +C
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where

() = discharge potential [L*/T],

Qo = uniform ground-water flow [L%/T],

X,y = coordinates of the calculation point,

o = angle between uniform flow and x-axis,

r(x,y) = distance from the well to the calculation point (X,y),
Q = well discharge [L*/T],

C = constant.

In a confined aquifer system, the discharge potential, @, is converted to head (¢) by
the following equation.

O +éKH2

¢ KH

where
¢ = head [L],
K = hydraulic conductivity [L/T],
H = aquifer thickness [L].

The constant, C, is evaluated by specifying a reference head at a certain location
within the flow system. The reference head remains constant during all subsequent
calculations. The constant, C, is computed as follows:

C=d,+0,(x,cosa+y,sin a)-%n[ﬁ (x0 )]
T

where
D, = reference discharge potential,

(Xoyo) = coordinates of reference head.

In the first verification problem, the aquifer is confined with a uniform regional
gradient parallel to the x-axis. The problem assumptions and parameters are listed
below.

K =100 ft/d
H=100 ft

376 ¢ WinFlow/WinTran Verification Guide to Using AquiferWin32



Gradient (i) = 0.01 ft/ft

Q, = KiH = 100 ft*/d

reference head, ¢, = 200 ft at (x,=0,y,=0)
@, = KH¢, - .KH? = 1500000 ft’/d

Q = 100,000 ft*/d at (x=1000,y=1000)

Using these parameters and equation (3), the constant C equals 1,384,541. Table 1
lists the results of hand calculations and WinFlow results (using the Point
Calculation option) for a series of coordinates. The two results are identical to five
significant figures; the calculator results were rounded to five figures. Thus,
WinFlow computes the correct answer for this test case.

Table 1 Comparison between WinFlow and calculator results for test case 1.

X Y ) () ¢ (WinFlow)
0 1000 1,494,480 199.45 199.448
250 1000 1,464,902 196.49 196.491
500 1000 1,433,449 193.34 193.345
750 1000 1,397,417 189.74 189.742
1000 1000 1,284,441 178.44 178.444
1250 1000 1,347,417 184.74 184.742
1500 1000 1,333,449 183.34 183.345
1750 1000 1,314,902 181.49 181.491
2000 1000 1,294,481 179.45 179.448

Case 2: Benchmark with SLWL

The SLWL program is provided with the book, Groundwater Mechanics, (Strack,
1989). SLWL performs the same calculations as WinFlow. The primary difference
between the two codes is that SLWL is written in FORTRAN, while WinFlow is
written in the C programming language. SLWL has additional capabilities to those of
WinFlow but is not as user-friendly nor does SLWL have good output capabilities.

A series of twelve test cases are developed to test each of the major components in
WinFlow, including wells, ponds, linesinks, and recharge. Each feature added to the
simulation is designed to produce a significant impact on the flow field, so that
significant errors would be easily detected. Both confined and unconfined
conditions are tested. These verification data sets are included on the WinFlow disk.
The data file names are VER1.WFL, VER2.WFL, ....., and VER12.WFL.

SLWL was modified to export a SURFER contour matrix (grid file) in the same
manner as WinFlow. The SURFER grid files were then subtracted from one another
to create a matrix of differences. A simple program was created to compute the
mean and maximum difference. The results are summarized in Table 2. The
features tested in each simulation are summarized in Table 2, along with the mean
and maximum differences between the two codes. The specific details of each test
may be examined by retrieving the verification data files from within WinFlow.

The maximum difference for each simulation was a uniform value of 0.000198 feet.
The maximum error was constant, probably due to a consistent difference in the
computational algorithms used in the C and FORTRAN compilers used for the two
codes (Microsoft FORTRAN and Microsoft Visual C++). The mean error for each
run varied from a low of 0.00000186 (VER6.WFL) to a high of 0.0000139
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(VER7.WFL). In all cases, the differences between the two codes are on the order of
1.0 x 10 percent.

| Table 2 Mean and maximum differences between WinFlow and SLWL in 12 test cases. |
Data File Uniform Wells Ponds Line- Line- Recharg | Aquifer Max. Mean
sinks sinks e Type Error Error
(head) (flux) (C/U)
ver1.wfl v v C 0.000198 | 0.0000037
ver2.wfl v v U 0.000198 [ 0.0000019
ver3.wfl v v v C 0.000198 | 0.0000038
verd.wfl v v v U 0.000198 | 0.0000020
ver5.wfl v v v C 0.000198 [ 0.0000051
ver6.wfl v v v U 0.000198 | 0.0000019
ver7.wfl v v v C 0.000198 | 0.0000014
ver8.wfl v v v U 0.000198 | 0.0000066
ver9.wfl v v v v v C 0.000198 [ 0.0000048
ver10.wfl v v v v v U 0.000198 | 0.0000030
ver11.wfl v v v v v v C 0.000198 [ 0.0000048
ver12.wfl v v v v v v U 0.000198 | 0.0000030

Case 3: Benchmark with Numerical Model

A final test of the steady-state analytic functions in WinFlow is a comparison with a
numerical model. The model chosen for comparison is MODFLOW (McDonald and
Harbaugh, 1988), which is a three-dimensional, finite-difference ground-water flow
model developed by the United States Geological Survey. MODFLOW is one of the
most widely used numerical ground-water flow models.

A simple problem involving a single pumping well in a uniform flow field is chosen
as the test case. The aquifer is unconfined with homogeneous properties. The model
parameters are summarized below for the WinFlow data set.

K =100 ft/d,

Aquifer bottom elevation = 0.0 ft;

Gradient (i) = 0.001 ft/ft at an angle of 0° to the x-axis;
Q, =KiH = 10 ft*/d;

¢, = 100 ft at (x,=0, y,=0).

A single well located at coordinates (x=5000, y=5000) pumps 100,000 ft*/d. The
WinFlow input data file for this problem is provided on the distribution disk. The
file name is "modfl.wfl".

Additional information is required to simulate the same system with a numerical
model, such as MODFLOW. A finite-difference grid was constructed measuring
10,000 feet in both the x- and y-directions. There are 125 rows and 125 columns in
the grid, with a cell spacing of 80 ft. A constant head of 100 ft was placed along the
first column and a constant head of 89.532 was placed along the last column. The
odd number was used to maintain a constant regional flow of 10 ft*/d/ft across the
finite-difference grid under nonpumping conditions. The MODFLOW data set for
this problem are contained on the WinFlow disk. Several files are required for input
to the MODFLOW code. The files have a common root file name of "wflow" and a
three-letter extension designating the MODFLOW package name. The MODFLOW
files for this problem are as follows:
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WFLOW.BAS Basic Package Input

WFLOW.BCF  Block-Centered-Flow Package Input
WFLOW.SIP  Strongly Implicit Package Input
WFLOW.WEL Well Package Input

WFLOW.OC Output Control Input

The WinFlow and MODFLOW calculations were compared by producing a
SURFER grid file with 50 rows and 50 columns. The grid corners are located at
(x=200, y=200) and (x=9800, y=9800). The two grid files were subtracted from
each other to obtain a head difference file. A simple program was written to
compute the maximum and mean differences. Contour maps produced for the
WinFlow and MODFLOW results are also shown in Figure 1.

In the initial test case, MODFLOW and WinFlow compare favorably, with a
maximum error of 0.84 feet and a mean error of 0.25 feet. The change in head
across the model is 10.468 feet. Thus, there is a maximum difference of about 8
percent between the two codes. The contour maps shown in Figure 1 for the two
codes are very similar. The primary difference is the behavior of the contours at the
upper and lower (north and south) edge of the model. Contours from the
MODFLOW run are perpendicular to the boundary, while WinFlow generated
contours hit the boundary at an angle. This happens because MODFLOW treats the
edge of the model as a no-flow or impermeable boundary forcing the contours to hit
the boundary at right angles. WinFlow, on the other hand, assumes that the aquifer
is infinite without any no-flow or impermeable boundaries.

A second test case was simulated by both WinFlow and MODFLOW in which no-
flow boundaries were simulated with WinFlow. The northern and southern no-flow
boundaries were reproduced in WinFlow using image wells. Two image wells were
placed at coordinates (x=5000, y=15000) and (x=5000, y=-5000). Each image well
pumped 100,000 ft*/d. Contour maps for the second test case are shown in Figure 2.
Now the WinFlow contours also strike the boundary at close to right angles. The
maximum difference between WinFlow and MODFLOW for the second case is 0.39
feet, with a mean difference of 0.11 feet. This represents a significant improvement
over the first test case. The maximum difference is 3.7 percent in this case.

The two test cases presented for the benchmark between WinFlow and MODFLOW
show that both codes calculate similar head fields for the same problem. Even
though the method of solution is different (analytical vs. numerical), each software
package gives similar results. These comparisons provide the user with confidence
that WinFlow is solving the ground-water flow equations properly.
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Figure 1. Comparison between WinFlow and MODFLOW for Test Case 1.
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Figure 2. Comparison between WinFlow and MODFLOW for Test Case 2.
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Transient Model

Three sets of verification problems are presented for the transient analytical
functions used in WinFlow. In the first problem, drawdown is computed for a single
well. In the second case, a uniform regional gradient is added to the problem. In
each of the first two test cases, WinFlow calculations are compared to those
performed with a calculator. The final test presents tables of the Theis (1935) and
Hantush and Jacob (1955) well functions for comparison with published tables.

Case 1: Drawdown from a Single Well

The drawdown due to a single pumping well may be computed for any point in an
aquifer using the following equation (Theis 1935):

s = iW(u)

4l
where
s = drawdown [L],
Q = well pumping rate [L*/T],
T = transmissivity [L%/T],
u =(*S)/(4T1),
r = distance between well and calculation point,
S = storage coefficient [dimensionless],
t = time after start of pumping [T],

W() = Theis well function.

In this example problem, we will choose the values of the parameters so that
calculation is straightforward on a hand calculator and published tables of the Theis
well function. The following parameters are used for Case 1:

T =2500 ft*/d
S=0.01
t=1.0d

Q =10,000 ft’/d

WinFlow computed the same values of drawdown (s) as those computed using a
calculator to four significant figures. The results of Case 1 are presented in Table 3.

" Table 3 Comparison between WinFlow and calculator results for transient case 1. ||
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| Radius (ft) | u W(u) s (ft) | s (WinFlow) |

1.0 10° 13.24 4.214 4.214
10.0 10" 8.633 2.748 2.748
20.0 4x10™° 7.247 2.307 2.307
30.0 9x 10 6.437 2.049 2.049
40.0 1.6x 107 5.862 1.866 1.866
50.0 2.5x10” 5.417 1.724 1.724
60.0 3.6 x10” 5.053 1.608 1.608
70.0 49x10° 4.746 1.511 1.511
80.0 6.4x10° 4.481 1.426 1.426
90.0 8.1x 107 4.247 1.352 1.352
100.0 0.01 4.038 1.285 1.285

Case 2: Drawdown from a Single Well in a Uniform
Flow Field

The same parameters used in Case 1 above will be used in Case 2 and a uniform
regional gradient will be added. Assume that the gradient is 0.001 ft/ft, with a
reference head of 100 ft at the well. Because the transient model does not assume
that the reference head is constant, the reference head may be specified anywhere
(even at the well). We will also assume that the origin of the coordinate system
(x=0, y=0) is at the well center.

The equation for a single well in a uniform flow field under transient conditions was
given in the last chapter as

dx,y,t)=C-G(xcosa+ysina )-s

where
¢ =head [L],
G = regional gradient [L/L],
o = angle between regional gradient and x-axis,
(x,y) = coordinates of calculation point,
t = time since start of pumping,
S = drawdown from well,
C = constant.

The constant, C, is equal to the reference head in this case.

The heads computed by WinFlow and using a hand calculator are presented in Table
4. Again, WinFlow results and the calculator results are identical to six significant
figures.

" Table 4 Comparison between WinFlow and hand calculations for transient case 2. ||
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| X Y ) ¢ (WinFlow)

1.0 0.0 95.786 95.786
10.0 0.0 97.152 97.152
20.0 0.0 97.493 97.493
30.0 0.0 97.651 97.651
40.0 0.0 97.734 97.734
50.0 0.0 97.776 97.776
60.0 0.0 97.792 97.792
70.0 0.0 97.789 97.789
80.0 0.0 97.774 97.774
90.0 0.0 97.748 97.748
100.0 0.0 97.715 97.715

Case 3: Calculation of Well Function Tables

The first two transient test cases tested the ability of WinFlow to compute drawdown
with and without a regional gradient. These tests illustrated that WinFlow internal
drawdown calculations are properly implemented. A further test of the software is
calculation of well function tables, which tests WinFlow's ability to accurately
compute drawdown over a wide range of conditions.

WinFlow uses two transient analytical functions: (1) the Theis (1935) equation for
confined aquifers, and (2) the Hantush and Jacob (1955) equation for semi-confined
(or leaky) aquifers. Values of the Theis well function, W(u), were computed using
the numerical routines in WinFlow for a wide range of values of u. These
calculations are shown in Table 5. These values can be compared to any published
values, although the format of the table is identical to that published by Kruseman
and deRidder (1990) in Annex 3.1, page 294. Table 5 and Annex 3.1 (Kruseman and
deRidder 1990) are identical, illustrating that WinFlow can calculate the Theis well
function accurately over a wide range in u.

Similarly, the Hantush and Jacob (1955) well function, W(u,r/L), was computed
using the routines in WinFlow for a range of u and r/L values. These are shown in
Tables 6, 7, and 8. Kruseman and deRidder (1990) have published similar tables in
Annex 4.2 (pages 298 and 299). The Kruseman and deRidder (1990) tables and
Tables 6, 7, and 8 are identical, confirming that WinFlow accurately computes
values for the Hantush and Jacob leaky well function.
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Table 5 Theis well function, W(u), computed using routines in WinFlow.

u

W(u)

2.194e- 01
1.584e- 01
1.000e- 01
4.890e- 02
2.491e- 02
1.305e- 02
6.970e- 03
3.779- 03
2.073e- 03
1.148e- 03
3.601e- 04
1.155e- 04
3.767e- 05
1.245e- 05

W10 Wwul10?) W@ulo®) Wl10® Wwulo®) W@ulo® Wwul0”) Wulo®) w@uil0®) W10

1.823e+00
1.660e+00
1.464e+00
1.223e+00
1.044e+00
9.057e- 01
7.942¢- 01
7.024e- 01
6.253e- 01
5.598e- 01
4.544¢- 01
3.738e- 01
3.106e- 01
2.602e- 01

4.038¢+00
3.858e+00
3.637e¢+00
3.355e+00
3.137e+00
2.959e+00
2.810e+00
2.681e+00
2.568e+00
2.468e+00
2.295e+00
2.151e+00
2.027e+00
1.919¢+00

6.332e¢+00
6.149e+00
5.927e+00
5.639e+00
5.417e+00
5.235e+00
5.081e+00
4.948e+00
4.831e+00
4.726e+00
4.545¢+00
4.392e+00
4.259¢+00
4.142¢+00

8.633e+00
8.451e+00
8.228e+00
7.940e+00
7.717e+00
7.535e¢+00
7.381e+00
7.247e+00
7.129¢+00
7.024e+00
6.842e+00
6.688e+00
6.554e¢+00
6.437e+00

1.094e+01
1.075e+01
1.053e+01
1.024e+01
1.002e+01
9.837¢+00
9.683e+00
9.549e+00
9.432e+00
9.326e+00
9.144e+00
8.990e+00
8.856e+00
8.739¢+00

1.324e+01
1.306e+01
1.283e+01
1.255e+01
1.232e+01
1.214e+01
1.199¢+01
1.185e+01
1.173e+01
1.163e+01
1.145e+01
1.129e+01
1.116e+01
1.104e+01

1.554e+01
1.536e+01
1.514e+01
1.485e+01
1.462e+01
1.444e+01
1.429¢+01
1.415e+01
1.404e+01
1.393e+01
1.375e+01
1.359e+01
1.346e+01
1.334e+01

1.784e+01 2.015¢+01 2.245e+01
1.766e+01 1.996e+01 2.227e+01
1.744e+01 1.974e+01 2.204e+01
1.715e+01 1.945¢+01 2.176e+01
1.693e+01 1.923e+01 2.153e+01
1.674e+01 1.905e+01 2.135e+01
1.659¢+01 1.889¢+01 2.120e+01
1.646e+01 1.876e+01 2.106e+01
1.634e+01 1.864e+01 2.094e+01
1.623e+01 1.854e+01 2.084e+01
1.605¢+01 1.835e+01 2.066e+01
1.590e+01 1.820e+01 2.050e+01
1.576e+01 1.807e+01 2.037e+01
1.565e+01 1.795¢+01 2.025e+01
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Table 6 Hantush well function, W(u,r/L), computed using routines in WinFlow.

u /L=0 0.005 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

1.0e- 06 1.32e+01 1.08e+01 9.44e+00 8.06e+00 7.25¢+00 6.67e+00 6.23e+00 5.87e+00 5.56e+00 5.29¢+00 5.06e+00
2.0e- 06 1.25¢+01 1.08e+01 9.44e+00 8.06e+00 7.25¢+00 6.67e+00 6.23e+00 5.87e+00 5.56e+00 529e¢+00 5.06e+00
4.0e- 06 1.19e+01 1.07e+01 9.44e+00 8.06e+00 7.25¢+00 6.67e+00 6.23e+00 5.87e+00 5.56e+00 529e+00 5.06e+00
6.0e- 06 1.14e+01  1.06e+01 9.44e+00 8.06e+00 7.25¢+00 6.67e+00 6.23e+00 5.87e+00 5.56e+00 5.29¢+00 5.06e+00
8.0e- 06 1.12e+01  1.05¢+01 9.43e+00 8.06e+00 7.25¢+00 6.67e+00 6.23e+00 5.87e+00 5.56e+00 529e¢+00 5.06e+00

1.0e- 05 1.09¢+01  1.04e+01 9.42e+00 8.06e+00 7.25¢+00 6.67e+00 6.23e+00 5.87e+00 5.56e+00 5.29¢+00 5.06e+00
2.0e- 05 1.02e+01  9.95¢+00 9.30e+00 8.06e+00 7.25¢+00 6.67e+00 6.23e+00 5.87e+00 5.56e+00 529e¢+00 5.06e+00
4.0e- 05 9.55e+00 9.40e+00 9.0le+00 8.03e+00 7.25¢+00 6.67e+00 6.23e+00 5.87e+00 5.56e+00 5.29e¢+00 5.06e+00
6.0e- 05 9.14e+00  9.04e+00 8.77e+00 7.98e+00 7.24e+00 6.67e+00 6.23e+00 5.87e+00 5.56e+00 5.29¢+00 5.06e+00
8.0e- 05 8.86et00 8.78e+00 8.57e+00 7.91e+00 7.23e+t00 6.67e+00 6.23¢+00 5.87¢+00 5.56e+00 5.29¢+00 5.06e+00

1.0e- 04 8.63et00 8.57¢+00 8.40e+00 7.84e+00 7.21e+t00 6.67e+00 6.23e+00 5.87e+00 5.56e+00 5.29¢+00 5.06e+00
2.0e- 04 7.94e+00 7.91e+00 7.82e+00 7.50e+00 7.07e+00 6.62e+00 6.22¢+00 5.86e+00 5.56e+00 5.29e¢+00 5.06e+00
4.0e- 04 7.25¢+00 7.23e+00 7.19e+00 7.01e+00 6.76e+00 6.45¢+00 6.14e+00 5.83e+00 5.55¢+00 5.29¢+00 5.06e+00
6.0e- 04 6.84e+00 6.83e+00 6.80e+00 6.68e+00 6.50e+00 6.27e+00 6.02e+00 5.77e+00 5.51e+00 5.27¢+00 5.05e+00
8.0e- 04 6.55e+00 6.55¢+00 6.52e+00 6.43e+00 6.29¢+00 6.11e+00 5.91e+00 5.69e+00 5.46e+00 5.25¢+00 5.04e+00

1.0e- 03 6.33e+00 6.33e+00 6.31e+00 6.23e+t00 6.12e+00 5.97e+00 5.80e+00 5.61e+t00 5.41e+00 5.21e+00 5.01e+00
2.0e- 03 5.64et00 5.64e+00 5.63e+00 5.59e+00 5.53e+00 5.45¢+00 5.35¢+00 5.24e+00 5.12e+00 4.98e+00 4.85¢+00
4.0e- 03 4.95e+00 4.95¢+00 4.94e+00 4.92e+00 4.89e+00 4.85¢+00 4.80e+00 4.74e+00 4.67e+00 4.59e+00 4.51e+00
6.0e- 03 4.54e+00 4.54e+00 4.54e+00 4.53e+00 4.51e+00 4.48e+00 4.45¢+00 4.41e+00 4.36e+00 4.30e+00 4.24e+00
8.0e- 03 426e+00 4.26e+00 4.26e+00 4.25¢+00 4.23e+00 4.21e+00 4.19¢+00 4.15¢+00 4.12e+00 4.08e+00 4.03e+00

1.0e- 02 4.04e+00 4.04e+00 4.04e+00 4.03e+00 4.02e+00 4.00e+00 3.98e+00 3.95¢+00 3.93e+00 3.89e+00 3.86e+00
2.0e- 02 3.35¢+00 3.35¢+00 3.35e+00 3.35e+00 3.34e+00 3.34e+00 3.33e+00 3.31e+00 3.30e+00 3.28¢+00 3.26e+00
4.0e- 02 2.68¢+00 2.68¢+00 2.68e+00 2.68e+00 2.68e+00 2.67e+00 2.67¢+00 2.66e+00 2.66e+00 2.65¢+00 2.64e+00
6.0e- 02 2.30e+00 2.30e+00 2.29e+00 2.29¢+00 2.29¢+00 2.29e+00 2.29e+00 2.28e+00 2.28e+00 2.27¢+00 2.27e+00
8.0e- 02 2.03e+00 2.03e+00 2.03e+00 2.03e+00 2.02e+00 2.02¢+00 2.02¢+00 2.02e+00 2.02e+00 2.01e+00 2.01e+00

1.0e- 01 1.82e+00 1.82¢+00 1.82e+00 1.82e+00 1.82e+00 1.82e+00 1.82¢+00 1.82e+00 1.81e+00 1.81e+00 1.81e+00
2.0e- 01 1.22e+00 1.22e+00 1.22e+00 1.22e+00 1.22e+00 1.22¢+00 1.22e+00 1.22e+00 1.22e+00 1.22e+00 1.22e¢+00
4.0e- 01 7.02e-01 7.02e-01 7.02e-01 7.02e-01 7.02e-01 7.02e-01 7.02e-01 7.02e-01 7.0le-01 7.01e-01 7.00e- 01
6.0e- 01 4.54e-01  4.54e-01 4.54e-01 4.54e-01 4.54e-01 4.54e-01 4.54e-01 4.54e-01 4.54e-01 4.54e-01 4.53e-01
8.0e- 01 3.11e-01 3.11e-01 3.1le-01 3.11e-01 3.11e-01 3.10e-01 3.10e-01 3.10e-01 3.10e-01 3.10e-01 3.10e- 01
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Table 7 Hantush well function, W(u,r/L), computed using routines in WinFlow.

u

1.0e- 04
2.0e- 04
4.0e- 04
6.0e- 04
8.0e- 04

1.0e- 03
2.0e- 03
4.0e- 03
6.0e- 03
8.0e- 03

1.0e- 02
2.0e- 02
4.0e- 02
6.0e- 02
8.0e- 02

1.0e- 01
2.0e- 01
4.0e- 01
6.0e- 01
8.0e- 01

1.0e+00
2.0e+00

/L=0

8.63e+00
7.94e+00
7.25e+00
6.84e+00
6.55e+00

6.33e+00
5.64e+00
4.95¢+00
4.54e+00
4.26e+00

4.04e+00
3.35e+00
2.68e+00
2.30e+00
2.03e+00

1.82e+00
1.22e+00
7.02e-01
4.54e- 01
3.11e-01

2.19¢- 01
4.8%¢- 02

0.1

4.85e+00
4.85¢+00
4.85¢+00
4.85e+00
4.84¢+00

4.83e+00
4.71e+00
4.42¢+00
4.18e+00
3.98e+00

3.82e+00
3.24e+00
2.63e+00
2.26e+00
2.00e+00

1.80e+00
1.22e+00
7.00e- 01
4.53e- 01
3.10e- 01

2.19¢- 01
4.8%¢- 02

0.2

3.51e+00
3.51e+00
3.51e+00
3.51e+00
3.51e+00

3.51e+00
3.50e+00
3.48e+00
3.43e+00
3.36e+00

3.29e+00
2.95e+00
2.48e+00
2.17¢+00
1.94e+00

1.75e+00
1.19e+00
6.93e- 01
4.50e- 01
3.08e- 01

2.18e- 01
4.87e- 02

0.3

2.74e+00
2.74e+00
2.74e+00
2.74e+00
2.74e+00

2.74e+00
2.74e+00
2.74e+00
2.74e+00
2.73e+00

2.71e+00
2.57e+00
2.27e+00
2.02e+00
1.83e+00

1.67e+00
1.16e+00
6.81e-01
4.44e- 01
3.05e- 01

2.16e- 01
4.85e- 02

0.4

2.23e+00
2.23e+00
2.23e+00
2.23e+00
2.23e+00

2.23e+00
2.23e+00
2.23e+00
2.23e+00
2.23e+00

2.23e+00
2.18e+00
2.02e+00
1.85e+00
1.69e+00

1.56e+00
1.11e+00
6.65¢e- 01
4.36e- 01
3.01le- 01

2.14e- 01
4.82e- 02

0.6

1.56e+00
1.56e+00
1.56e+00
1.56e+00
1.56e+00

1.56e+00
1.56e+00
1.56e+00
1.56e+00
1.56e+00

1.56e+00
1.55e+00
1.52e+00
1.46e+00
1.39e+00

1.31e+00
9.96e- 01
6.21e-01
4.15e- 01
2.8%- 01

2.06e- 01
4.72e- 02

0.8

1.13e+00
1.13e+00
1.13e+00
1.13e+00
1.13e+00

1.13e+00
1.13e+00
1.13e+00
1.13e+00
1.13e+00

1.13e+00
1.13e+00
1.13e+00
1.11e+00
1.08e+00

1.05e+00
8.58e- 01
5.65e- 01
3.87e- 01
2.73e- 01

1.97e- 01
4.60e- 02
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Table 8 Hantush well function, W(u,r/L), computed using routines in WinFlow.

u /L=0 1.0 2.0 3.0 4.0 5.0 6.0
1.0e- 02 4.04e+00 8.42e-01 2.28¢-01 6.95e-02 2.23e-02 7.38e-03 2.49¢-03
2.0e- 02 3.35¢+00 8.42e-01 228e-01 6.95e-02 2.23e-02 7.38¢-03 2.49e-03
4.0e- 02 2.68¢+00 8.42e-01 228e-01 6.95e-02 2.23e-02 7.38¢-03 2.49e-03
6.0e- 02 2.30e+00 8.39e-01 2.28e-01 6.95e-02 2.23e-02 7.38¢-03 2.49e-03
8.0e- 02 2.03e+00 8.32e-01 2.28e-01 6.95e-02 2.23e-02 7.38¢-03 2.49e-03
1.0e- 01 1.82e+00 8.19e-01 2.28e-01 6.95e-02 2.23e-02 7.38e-03 2.49e-03
2.0e-01 1.22e+00 7.15e-01 227e-01 6.95e-02 2.23e-02 7.38¢-03 2.49e-03
4.0e- 01 7.02e-01 5.02e-01 2.10e-01 6.91e-02 2.23e-02 7.38¢-03 2.49e-03
6.0e- 01 4.54e-01 3.54e-01 1.77e-01 6.64e-02 2.22e-02 7.38e-03 2.49e-03
8.0e- 01 3.11e-01 2.54e-01 1.44e-01 6.07e-02 2.17e-02 7.36e-03 2.49e-03
1.0e+00 2.19e-01 1.85e-01 1.14e-01 5.34e-02 2.07e-02 7.27e-03 2.49e-03
2.0e+00 4.89¢-02 4.44e-02 334e-02 2.10e-02 1.12e-02 5.13e-03  2.10e-03
4.0e+00 3.78¢-03 3.58¢-03 3.06e-03 2.35e-03 1.63e-03 1.03e-03 5.86e-04

Introduction

The finite-element transport model in WinTran is verified through comparison with
an analytical solution from Wexler (1992) and with another finite-element transport
model called SEFTRAN (Huyakorn et al., 1984). The Wexler analytical solution
models transport of a dissolved contaminant from a point source in a two-
dimensional uniform flow field. Six test cases were investigated with SEFTRAN for
the three different source configurations (injection well, pond, and linesink) in both
uniform flow and in non-uniform flow fields.

Comparison to an Analytical Solution

Wexler (1992) presents a series of analytical solutions to the partial differential
equations of dissolved contaminant transport in porous media. WinTran was
compared to the solution for a continuous point source in an aquifer of infinite extent
(see page 26 of Wexler, 1992). The analytical solution was implemented by Wexler
in a FORTRAN program called POINT2.

The data for the test problem are presented in Table 1. Concentration is plotted
versus time at two locations downgradient of the source for both WinTran and
SEFTRAN (see Figure 1). These curves show that WinTran results are virtually
identical to those of the analytical solution. Contours for both WinTran results and
POINT?2 results are shown in Figure 2. Again, these contours are almost identical
for the two solutions. The largest difference is at the source, where WinTran slightly
underpredicts the source concentration. This is probably caused by dilution of the
source concentration in the finite-element cell. The majority of the plume, however,
matches quite well between WinTran and POINT2.

Comparison of WinTran to an analytical solution confirms that the basic transport
model has been coded properly. The analytical solution, however, assumes that the
flow field is uniform and the source is a single point and continuous over time. The
next section presents a series of tests that illustrate that WinTran performs properly
for more complex scenarios.
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Table 1. Model Parameters for the Analytical Solution Comparison

Parameter

Hydraulic conductivity
Top Elevation

Bottom Elevation
Porosity

Hydraulic Gradient
Groundwater Velocity
Longitudinal Dispersivity
Transverse Dispersivity

Retardation Coefficient

X coordinate of source
Y coordinate of source
Source fluid flow rate

Source concentration

Number of X nodes
Number of Y nodes
Minimum X coordinate
Minimum Y coordinate
Nodal Spacing in X
Nodal Spacing in Y

Number of time steps
Minimum time step size
Maximum time step size
Time step multiplier

Final time value

Value

100 ft/d

=75 ft

-100 ft

0.2

0.01 to the East
5 ft/id

30 ft

3ft

1

21232 ft
230.87 ft
-1 f/d
100

70

70

50.0 ft
50.0 ft
8.116 ft
5.652 ft

50

0.5 day

10 days

1.1

280.569 days
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Figure 1. Time-series comparison between WinTran and an analytical solution at two downgradient nodes
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Figure 2. Concentration contours for WinTran and the analytical solution at time=260.569 days.
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Benchmarking with SEFTRAN

SEFTRAN (Huyakorn et al., 1984) was chosen for the majority of testing because it
uses the same finite-element techniques that are employed by WinTran. SEFTRAN
also makes a good choice for benchmark testing because it has undergone a
significant amount of testing at the International Ground Water Modeling Center
(Huyakorn et al., 1984).

To facilitate this testing, a special option has been added to the WinTran Export
menu allowing WinTran to create SEFTRAN data input files. Three files are
created, (1) a SEFTRAN flow data set (always called FLOW.IN), (2) a SEFTRAN
transport data set (you specify the name in the dialog), and (3) a velocity file with
analytically-computed velocities (always called FLOW.VEL).

A series of six simulations were performed to test the three different source
configurations (point source using an injection well, pond infiltration, and linesink
injection). Each of the three source terms was tested in both a uniform flow field and
a non-uniform flow field. The non-uniform flow field was produced by adding a
pumping well downgradient from the source. The results for the six simulations are
summarized in Table 2 and Table 2b. Data for the simulations are shown in Table 3.

The benchmark simulations are evaluated by presenting the following in Table 2: (1)
maximum source concentration computed by WinTran and SEFTRAN, (2) the mean
and maximum differences (errors) when SEFTRAN uses WinTran-computed
velocities, (3) the mean and maximum differences when SEFTRAN uses SEFTRAN-
computed velocities, and (4) mass balance errors for the two models. The source
concentrations were scaled to a value of 1.0 in WinTran. The mass balance errors
are in percent.

The mean and maximum differences between the two codes are very low for the case
when each code uses velocities computed by WinTran. This tests the WinTran
transport model because both codes are using the same velocity field. The tests
illustrate that the transport model in WinTran is functioning properly for all cases.
The mass balance error for each code is comparable for all cases and the source
concentrations are accurate to the fourth decimal place.

The second set of errors (differences) presented in Table 2 are for SEFTRAN results
computed using velocities computed by the SEFTRAN flow model. In the first set
of differences described in the previous paragraph, the SEFTRAN transport model
read velocity data computed by WinTran. The second set of comparisons, therefore,
are used to evaluate the hybrid modeling approach. The results show that for
uniform flow conditions, WinTran and SEFTRAN velocities produce virtually the
same results. In a non-uniform flow field, however, the differences are larger. This
indicates that the analytically-computed velocities are slightly in error.

Table 2b presents the differences between SEFTRAN and WinTran when velocities
in WinTran are computed using finite elements (rather than the analytical model). In
this case, the differences are very minor. Thus, for complex flow fields, you may
want to consider using the finite-element flow model to compute velocities. You
may select this option using the Model->Flow Model Type menu.

Figures 3 through 8 present concentration contour maps created by WinTran and
SEFTRAN. These figures further substantiate that the two models are producing the
same results.
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Table 2. Comparison Between WinTran and SEFTRAN for Six Simulations.

Description Maximum Maximum WinTran Velocities Seftran Velocities Mass Mass
Conc. Conc. Balance Balance
Error Error
WinTran Seftran Mean Maximum Mean Maximum  WinTran Seftran
Error Error Error Error
Test 1 1.0 1.000052  -1.1e-05 7.5e-05 3.8e-05 7.0e-05 0.0129 0.00082
Point Source
Uniform Flow
Test 2 1.0 1.00024 -4.2e-05 2.4e-04 4.9¢-05 1.99¢-04 0.00758 0.0069
Pond Source
Uniform Flow
Test 3 1.0 0.99992 1.66e-05 2.04e-04 1.47e-04 2.4e-03 0.00438 0.018
Line Source
Uniform Flow
Test 4 1.0 1.00005 -9.8e-06 7.3e-05 7.5e-06 5.8e-03 0.2057 0.195
Point Source
Nonuniform
Flow
Test 5 1.0 0.99996 7.5e-06 7.23e-05 2.0e-05 0.045 0.147 0.136
Pond Source
Nonuniform
Flow
Test 6 1.0 0.99991 1.06e-05 1.4e-04 4.2e-05 0.025 0.056 0.046
Line Source
Nonuniform
Flow
Table 2b. Comparison Between WinTran (Using the Finite Element Flow Model)
and SEFTRAN for the Nonuniform Flow Test Cases.
Description Mean Maximum WinTran
Error Error Mass Balance Error
Test 4 -6.33e-06 6.78e-05 0.145
Test 5 1.3e-06 1.4e-04 0.161
Test 6 2.6e-05 2.7e-04 0.20
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Table 3. Model Parameters for the SEFTRAN Benckmarking

Parameter

Hydraulic conductivity
Top Elevation

Bottom Elevation
Reference Head

Porosity

Hydraulic Gradient
Longitudinal Dispersivity
Transverse Dispersivity

Retardation Coefficient

Number of X nodes
Number of Y nodes
Minimum X coordinate
Minimum Y coordinate
Maximum X coordinate

Maximum Y coordinate

Number of time steps
Minimum time step size
Maximum time step size

Time step multiplier

Value

100 ft/d

100 ft

0 ft

25 ft at (75,65)
0.2

0.01 to the East
30 ft

6 ft

1

35

35

45.03 ft
42.29 ft
678.81 ft
413.66 ft

30

1 day
100 days
1.2

Point Source Information (Simulation 1 and 4)

Fluid Injection Rate
Concentration in fluid

Coordinates of Well (x,y)

-1.0 f/d
100
(138.23,227.98)

Pumping Well Information (Simulations 4 through 6)

Pumping Rate
Coordinates of Well (x,y)

10,000 ft*/d

(604.25,315.36)
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Table 3 (continued). Model Parameters for the SEFTRAN Benckmarking

Linesink Source Information (Simulations 3 and 6)

Linesink Injection Rate -1 ft¥/d
Concentration in fluid 100

Beginning Coordinates of line (x,y) (145.27,275.11)
Ending Coordinates of line (x,y) (143.65,167.59)

Pond Source Information (Simulations 2 and 5)

Pond Infiltration Rate 0.0015 ft/d
Concentration in fluid 100

Pond Radius 24.68 ft
Coordinates of pond center (X,y) (137.99,227.41)
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Figure 3. Concentration contours for WinTran and SEFTRAN at the final time step for Test Case 1.
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Figure 4. Concentration contours for WinTran and SEFTRAN at the final time step for Test Case 2.
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Figure 5. Concentration contours for WinTran and SEFTRAN at the final time step for Test Case 3.
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Figure 6. Concentration contours for WinTran and SEFTRAN at the final time step for Test Case 4.
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Figure 7. Concentration contours for WinTran and SEFTRAN at the final time step for Test Case 5.
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Figure 8. Concentration contours for WinTran and SEFTRAN at the final time step for Test Case 6.

Guide to Using AquiferWin32 WinFlow/WinTran Verification ¢ 413



WinTran Resul ts

45 145 245 345 45 545 615
T 1 + T T T
342 342
/”"fﬂ&eseﬁ,\
9.100
242 — 242
&
o
e
0.100 e
142 — 142
0.050
- 4 } t I .
345 445 545 645

SEFTRAN Resul ts

342

242

142

42

414 ¢ WinFlow/WinTran Verification

Guide to Using AquiferWin32



WinFlow Application Guide

WinFlow Assumptions

It is important to understand the many simplifying assumptions inherent in an
analytical model before the model can be applied to a real-world problem. Chapter 5
described the equations that are solved in WinFlow. Chapter 6 verified that these
equations are properly implemented in the WinFlow software. This chapter presents
potential applications of WinFlow to the solution of ground-water problems. First,
however, some important assumptions are discussed as they apply to the practical
application of WinFlow. For easy identification, the primary assumptions are
underlined.

WinFlow is designed to solve two-dimensional ground-water flow problems in a
horizontal plane. It is not designed for two-dimensional cross-sections (2D vertical
plane). The two primary assumptions are that ground-water flow is horizontal and
occurs in an infinite aquifer. WinFlow should not be applied to aquifers exhibiting
strong vertical gradients unless the scale of the problem is such that horizontal flow
can still be considered dominant. WinFlow can be used even in cases where there
are significant vertical gradients if the horizontal scale of the model is much larger
than the vertical scale, such as in regional studies.

Another assumption is that the aquifer hydraulic conductivity is assumed to be
isotropic and homogeneous. The base of the aquifer is horizontal and fixed at a
given elevation. In the steady-state and transient models, the top of the aquifer is
also horizontal and fixed at a given elevation. In the steady-state model, however,
unconfined conditions are simulated when the hydraulic head is below the top of the
aquifer. In the transient model, the aquifer is always confined, even when the head
falls below the top of the aquifer.

The reference head in the steady-state model is constant throughout all calculations.
The reference head is analogous to a constant head boundary condition in a
numerical model. It is therefore very important to keep the reference head far from
the area of interest so that model predictions are not impacted.

The reference head in the transient model is only used in combination with the
uniform gradient to compute an initial planar potentiometric surface. Drawdowns
computed by either the Theis (1935) or the Hantush and Jacob (1955) methods are
then subtracted from the planar potentiometric surface to obtain the resulting flow
field. Drawdowns are also subtracted from the reference head in the transient model;
however, there is an option that allows the user to keep the reference head constant
in the transient model. This option should only be used when trying to compare the
transient model to the steady-state model.
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All pumping rates, linesink fluxes, pond recharge, and elliptical recharge rates are
constant through time. In the transient model, all wells start pumping or injecting
water at time zero.

All wells are assumed to fully penetrate the aquifer. Wells are assumed to be
perfectly efficient and linesinks are in perfect hydraulic communication with the
aquifer. Both assumptions are rarely encountered in practice. There is often head
loss around the well screen or stream bottom caused by clogging of the pore-space
by fine-grained material (clay). There are two important consequences of imperfect
hydraulic communication.

(1 Pumping rates predicted by WinFlow to achieve a desired response
may not be attainable because more drawdown will be encountered in the
actual well. The increased drawdown encountered in the field is caused by
inefficiency around the well screen. The same effect will happen using
linesinks to simulate trenches or drains.

2) The amount of water produced or injected by a linesink to maintain
a specified head in the linesink will be overestimated if the actual drain has
less than 100 percent efficiency.

Particle traces and streamlines are two-dimensional. In cases where the aquifer
receives recharge, the capture zone of a pumping well will be large enough to
capture the amount of recharge equaling the pumping rate of the well (Larson et al.,
1987). In two-dimensional analyses, such as in WinFlow, the capture zone extends
upgradient until encountering a ground-water divide or infinity. This is an important
consideration in designing a containment system.

Analysis of Remedial Actions

WinFlow can provide valuable guidance in designing a ground-water remediation
system. The most obvious remedial action that WinFlow can simulate is "pump &
treat" where the goal is to contain a volume of contaminated aquifer. WinFlow can
simulate the effects of both pumping and injection wells. To illustrate the capture
zone of a well, use reverse particle-tracking and start the particles in a circle around
the well.

WinFlow can simulate trenches and drains using linesinks. There are two options in
simulating drains: (1) specify a head to be maintained in the drain and WinFlow will
compute the discharge rate necessary to achieve the given head; or (2) specify the
discharge rate and compute the resulting head in the drain. To illustrate the capture
zone of the drain, use reverse particle-tracking and start the particles along two lines
on either side of the linesink.

WinFlow can simulate a lagoon closure by using ponds. To do this, set up the initial
analytical model with ponds that simulate the lagoon. Adjust the pond recharge rate
to match field-measured heads. Finally, remove the pond (or set the pond recharge
equal to zero) to simulate the effects of closure.

The effects of capping can be simulated with a combination of elliptical recharge and
circular ponds. Set up the initial analytical model using recharge to match field-
measured heads. A circular cap can then be simulated with a pond that has a
recharge rate equivalent to the regional recharge rate but opposite in sign (e.g.
negative).
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Pumping Test Analysis and Design

WinFlow's transient model can simulate the effects of a pumping test to facilitate
interpreting test results or designing a future test. Pumping test results can be
interpreted by contouring drawdown at a specified time after the start of the test. To
contour drawdown, set the reference head equal to zero and the gradient equal to
zero. Make sure that the top of the aquifer is less than zero if the steady-state model
is used.

Drawdowns computed by WinFlow can be compared to drawdown contours from the
pumping test. Hydraulic conductivity and storage can be adjusted until a reasonable
match between observed and computed drawdown is achieved. Image wells can be
added to the model to simulate boundary effects. Use calibration targets to provide a
quantitative match between the results of your aquifer test and the model
calculations.

When designing an aquifer test, WinFlow estimates the drawdown likely to occur at
selected times and at various distances from the pumping well. Time and drawdown
estimates can help select appropriate wells to monitor and determine the length of the
test.

Regional Modeling

Strack (1989) advocates the use of "analytic element models" (his term for the
superposition of analytical functions) in regional flow system modeling. Ata
regional scale, most aquifers are very thin compared to the distance across the
aquifer in the horizontal plane. Thus, the z-axis (vertical dimension) becomes quite
small and vertical gradients are negligible compared to horizontal gradients. In this
case, the problem becomes two-dimensional and can be easily simulated with
analytical functions.

The regional model is constructed using linesinks to simulate rivers and streams.
Recharge from precipitation is applied in a large ellipse covering the area of interest.
Circular recharge areas (ponds) simulate lakes. Obviously, wells represent areas of
ground-water extraction, such as wellfields.

Strack (1989) has developed many complex analytical functions or analytic elements
to facilitate regional modeling. The Single-Layer Analytic Element Model
(SLAEM) developed by Strack contains these advanced functions not available in
WinFlow. SLAEM is available from Dr. Strack.

Well Head Protection

Many states are requiring water companies to model the ground-water flow system
around all public supply wells to determine the "zone of contribution" for each well.
Small water companies will find it difficult to pay for expensive numerical modeling
studies. WinFlow is ideally suited for these small wellfields, because a simple
regional model can be constructed to comply with wellhead protection regulations at
little cost. WinFlow can also be useful for preliminary studies at larger wellfields
prior to numerical modeling.

To determine the zone of contribution for a particular time of travel, use reverse
particle-tracking. Start the particles in a circle around each well and set the
maximum travel time to the desired value.
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WinTran Application Guide

Introduction

This chapter presents the major assumptions inherent in WinTran and guidelines for
the use of the transport model. These guidelines include estimating memory
requirements, dealing with model instabilities, and suggestions for simulating
various transport scenarios.

WinTran Assumptions

It is important to understand the many simplifying assumptions inherent in any
model before the model can be applied to a real-world problem. This chapter
presents potential applications of WinTran to the solution of contaminant fate and
transport problems. First, however, some important assumptions are discussed as
they apply to practical application of WinTran. For easy identification, the primary
assumptions are underlined.

WinTran is designed to solve two-dimensional ground-water flow and transport
problems in a horizontal plane. It is not designed for two-dimensional cross-sections
(2D vertical plane). The two primary assumptions are that ground-water flow is
horizontal and contaminant concentrations are the same throughout the entire aquifer
thickness. WinTran should not be applied to aquifers exhibiting strong vertical
gradients unless the scale of the problem is such that horizontal flow can still be
considered dominant. WinTran can be used even in cases where there are significant
vertical gradients if the horizontal scale of the model is much larger than the vertical
scale, such as in regional studies.

Another assumption is that the_aquifer hydraulic conductivity is assumed to be
isotropic and homogeneous. The base of the aquifer is horizontal and fixed at a
given elevation. The top of the aquifer is also horizontal and fixed at a given
elevation. Unconfined conditions are simulated when the hydraulic head is below
the top of the aquifer.

The reference head in the flow model is constant throughout all calculations. The
reference head is analogous to a constant head boundary condition in a numerical
model. It is therefore very important to keep the reference head far from the area of
interest so that model predictions are not impacted.

All pumping rates, linesink fluxes, pond recharge, and elliptical recharge rates are
constant through time. The transport model simulates transient movement of the
contaminant in this steady-state velocity field.
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All wells are assumed to fully penetrate the aquifer. Wells are assumed to be
perfectly efficient and linesinks are in perfect hydraulic communication with the
aquifer. Both assumptions are rarely encountered in practice. There is often head
loss around the well screen or stream bottom caused by clogging of the pore-space
by fine-grained material (clay). There are two important consequences of imperfect
hydraulic communication.

(1) Pumping rates predicted by WinTran to achieve a desired response
may not be attainable because more drawdown will be encountered in the
actual well. The increased drawdown encountered in the field is caused by
inefficiency around the well screen. The same effect will happen using
linesinks to simulate trenches or drains.

2) The amount of water produced or injected by a linesink to maintain
a specified head in the linesink will be overestimated if the actual drain has
less than 100 percent efficiency.

Particle traces and streamlines are two-dimensional. In cases where the aquifer
receives recharge, the capture zone of a pumping well will be large enough to
capture the amount of recharge equaling the pumping rate of the well (Larson et al.
1987). In two-dimensional analyses, such as in WinTran, the capture zone extends
upgradient until encountering a ground-water divide or infinity. This is an important
consideration in designing a containment system.

Chemical reactions are reduced to two types, (1) linear, fully-reversible sorption
using a retardation coefficient, and (2) first-order decay. WinTran can be used to
simulate biological decay of organic compounds only if the biological reactions can
be reduced to a first-order decay reaction. That is, a contaminant half-life is
estimated for the compound.

Memory Requirements

WinTran uses a substantial amount of computer memory to solve the finite-element
transport model. The amount of memory required for each model is determined by
the size of the contour matrix. The default size of the contour matrix is 35 x 35 (35
nodes in both the X- and Y-directions). In this case, the model requires about 1
megabyte of memory. The maximum matrix size allowed in WinTran is 100 x 100,
requiring about 18 megabytes of memory. Other matrix sizes and memory
requirements are shown below:

Matrix Size Memory Required
35x35 1 megabyte

50 x 50 2.6 megabytes
75x 75 8 megabytes

100 x 100 18 megabytes

Problems with Model Stability

Numerical transport models require the user to carefully evaluate each simulation for
potential errors. WinTran assists you in evaluating model error by displaying the mass
balance error on the status bar when the transport model is running. The mass balance
error is expressed as a percentage and should be less than 10 percent for a valid
simulation. Usually, the mass balance error is less than 1 percent.
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Even if the mass balance error is below 10 percent, there can be oscillations in the
transport solution. Oscillations are indicated by negative concentrations computed by
WinTran. In extreme cases, alternating nodes will have positive and negative
concentrations producing diamond-shaped contours. The following screen shows a
contour pattern that is typical of numerical oscillations:
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Note the diamond shaped contours upgradient of the source. These contours are
produced because alternating nodes are positive and negative. The contouring routine
draws "bulls-eyes" around these high and low points producing the diamond-shaped
contours. This is very typical of oscillating solutions and is probably the most common
problem you will run into with WinTran.

The pattern above was produced in the tutorial model by lowering the time-step size to
0.1 days, using centered-in-time, and reducing the longitudinal dispersivity to 3 ft. This
produces a Peclet number of 6.2, which is above the recommended limit of 2. In the
screen shown below, the dispersivity value was increased to 30 ft, dropping the Peclet
number to 0.62. This was enough to remove the oscillations.
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When the transport solution oscillates, check the following:

(1) The Peclet number is displayed on the status bar as “Pe=" and is computed
by dividing the nodal spacing (the distance between nodes in the contour matrix) by the
longitudinal dispersivity. The Peclet number should generally be less than 2 for a stable
solution. If you are experiencing mass balance problems or oscillations, increase
dispersivity until the Peclet number is less than 2, as described above.

(2) The Courant number is another criterion used to judge the stability of a
transport simulation. The Courant number is computed as the velocity times time-step
size divided by nodal spacing. This criterion is displayed as “Cr=" on the status bar and
should generally be less than 1. Again, if you are experiencing mass balance or
oscillation problems, try decreasing the initial and maximum time-step sizes.

There are also times when the Courant number is too low. In cases where the Courant
number is less than 0.1, there can be round-off errors in the matrix solver. In this case,
you should increase the initial and maximum time-step sizes until the Courant number is
close to 1.

There are two other WinTran options that can aid in model stability. These include the
time discretization method (backward and centered in time) and upstream weighting.
The time discretization methods are selected using the Edit->Time Stepping menu.
Backward in time is unconditionally stable but is only first-order accurate, while
centered in time is second-order accurate but may be subject to instability (Javandel et
al., 1984). It is usually best to start with backward in time.

Upstream weighting factors in the X- and Y-directions are edited from the Edit-
>Transport Parameters menu. Upstream weighting factors of 1.0 indicate full
upstream weighting, while a weighting factor of 0.0 turns off upstream weighting.
Upstream weighting adds stability to the solution (helps eliminate oscillations) at the
expense of added numerical dispersion. Numerical dispersion is artificial dispersion that
produces similar results to an increase in the dispersivity coefficient.
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Analysis of Remedial Actions

Setting Up the Flow Model

WinTran can provide valuable guidance in designing a ground-water remediation
system. The most obvious remedial action that WinTran can simulate is "pump &
treat" where the goal is to contain a volume of contaminated aquifer. WinTran can
simulate the effects of both pumping and injection wells.

WinTran can simulate trenches and drains using linesinks. There are two options in
simulating drains: (1) specify a head to be maintained in the drain and WinTran will
compute the discharge rate necessary to achieve the given head; or (2) specify the
discharge rate and compute the resulting head in the drain. To illustrate the capture
zone of the drain, use reverse particle-tracking and start the particles along two lines
on either side of the linesink.

WinTran can simulate a lagoon closure by using ponds. To do this, set up the initial
analytical model with ponds that simulate the lagoon. Adjust the pond recharge rate
to match field-measured heads. Finally, remove the pond (or set the pond recharge
equal to zero) to simulate the effects of closure.

The effects of capping can be simulated with a combination of elliptical recharge and
circular ponds. Set up the initial analytical model using recharge to match field-
measured heads. A circular cap can then be simulated with a pond that has a
recharge rate equivalent to the regional recharge rate but opposite in sign (e.g.
negative).

Setting Up the Transport Model
Remedial alternatives are usually simulated in several stages, as described below:

(1) Calibrate the transport model to the observed contaminant plume. This is
accomplished by adding source terms to the model (injection wells, infiltrating
ponds, or injecting linesinks) and adjusting the source concentration until the desired
plume is simulated. The length of the simulation should be chosen to approximate
the length of time that the source of contamination has been effecting the
groundwater system.

An alternative approach to calibrating the plume configuration is to import a
SURFER grid file (e.g. test.grd) containing the contaminant distribution data (use
File->Import from the main menu). The contoured concentrations are then used as
initial conditions for the remedial simulation.

(2) Save the calibrated concentrations as initial conditions using the Calc->Restart
option on the main menu. Skip this step if you have imported a SURFER grid file
for initial conditions.

(3) Add the remediation system (pumping wells or linesinks, etc.) and rerun the
transport model. To simulate source removal, delete the source terms added in State
1 above. This is accomplished by moving the cursor over the source element (well,

pond, or linesink) until the four-arrow cursor ( % ) is displayed. Click the left
mouse button to select the element and then press the delete key or select Edit-
>Delete from the main menu. Now, rerun the transport model to simulate source
removal.
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At any time during the simulations, you may save concentrations for later restart
using the File->Export menu. Exporting concentration as a restart file (*.rst) will
allow you to Import these concentrations in later simulations.

Simulating Biodegradation

Simulating the biodegradation of organic compounds is a popular modeling scenario,
especially for dissolved hydrocarbons. WinTran does not simulate these complex
degradation processes; however, the decay term in WinTran can be used to
approximate biodecay. The biodegradation process is reduced to specifying a half-
life for the compound. The half-life is the time required to remove half of the
original mass. While the half-life is most often used for radioactive elements, such
as uranium, it can also be used to express the decay of organic compounds through
biodecay. The Handbook of Environmental Degradation Rates (Howard et al.,
1991) is a good reference for contaminant half-life data.

Performing Risk

Assessments

WinTran is not a risk assessment model but can be useful in risk assessments by
providing concentration data over time at receptor locations. To obtain the
concentration over time at these receptor locations, you must add a well at the
receptor. Specify the flow rate as zero (0.0) and check the "Observation well" option
on the well dialog. These concentration-time data may then be saved to a file for use
in other programs. To save these data, select File->Export and choose the file time
Conc-Time (*.cvt). The file is a DOS text file delimited by commas. The first line
contains the well names and subsequent lines list the time and concentration for each
well.
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Digitized Maps

Digitized Map File Format

Digitized base maps increase the efficiency of site-specific modeling by placing the
modeling results in context with the area to be modeled. As shown in the tutorial,
WinFlow overlays the base map on head contours and streamlines, making it easier
to interpret the results.

WinFlow uses a very simple file format for the digitized base map, as shown in
Table 9. The file is made up of two sections. The first defines a series of line
segments, while the second set of data defines a series of text strings. Each line
segment requires the following data (1) the beginning and ending X and Y
coordinates, (2) the line style, e.g., dashed or solid, and (3) the line color. The data
for each line segment should appear on one line and be separated by at least one
space between each data item. Commas may not be used to separate data items.

The following data items are required for each text item (1) X and Y coordinates of
the lower left corner of the text, (2) angle of rotation of the text string, (3) height of
the text, (4) color, and (5) a text string. The first four data items are entered on one
line separated by at least one space between each data item. The text string is
located on the following line and the height of the text string is in map coordinates
(not in inches!).

Line and text colors are defined as integer numbers from 0 through 15. Each integer
defines a unique color. The possible colors are shown in Table 10. These colors are
all displayed on VGA color displays.

The digitized map file is a simple ASCII file that may be created in any text editor.
You may also find it advantageous to write a simple program to convert files from
your digitizing software to the WinFlow format. WinFlow also has the ability to
convert DXF files directly. Simply choose File from the main menu and Map from
the pull-down menu. Next select DXF from the menu. Specify the DXF file name
and a conversion factor, which is explained below. The DXF file format is a
relatively standard file format for CAD packages, such as AutoCad.
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Table 9 File Format for WinFlow Digitized Maps.

Line 1 NLS, NTEXT

NLS = Number of line segments in map

NTEXT = Number of Text Strings in map

Lines 2 to NLS+1 (Enter one line for each line segment)

X1, Y1, X2, Y2, NDASH, NCOLOR

X1, Y1 = Beginning line coordinates

X2, Y2 = Ending line coordinates

NDASH = Positive integer for solid line, negative
for dashed

NCOLOR = Color index (integer)

Lines NLS+2 to end (Enter one set per text item)

X1, Y1, ANGLE, HEIGHT, NCOLOR

TEXT

X1, Y1 = Coordinates of left side of text string

ANGLE = Angle of text string

HEIGHT = Height of text string

NCOLOR = Color index of text string

TEXT = Text string
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Table 10 Definition of color indices.

Index Color

BLACK

BLUE

GREEN

CYAN

RED

MAGENTA

BROWN

WHITE

GRAY

Ol | Q[N n ]| |[WIND|[—]O

LIGHT BLUE

—_
=

LIGHT GREEN

—_—
[

LIGHT CYAN

—
[\

LIGHT RED

—_
W

LIGHT MAGENTA

._.
~

YELLOW

—_
()]

BRIGHT WHITE

DXF Translator

The DXF (Drawing Interchange Format) file is a fairly standard format for
exchanging data between CAD systems. In particular, the popular AutoCAD
software uses DXF files extensively. A translator is provided with WinFlow to
extract digitized information from DXF files and convert it to the WinFlow digitized
map format.

The DXF file contains detailed data describing numerous CAD entities. An entity is
a line or symbol placed on the drawing by the CAD system. The WinFlow DXF
translator supports the following CAD entities:

LINES
POLYLINES
POINTS
ARCS
CIRCLES
TEXT
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Certain aspects about these entities are ignored by the translator, such as elevation
(for 3D CAD software such as AutoCAD Release 10), line style, and line thickness.
In addition, the curve-fit and spline options applied to POLYLINES are ignored.
The coordinates and color of the entity are preserved, however.

Many CAD drawings contain entities called BLOCKS, which are a collection of
other entities (e.g., lines, circles, text, etc.). WinFlow will not interpret BLOCKS
properly, so make sure that these are converted to other entities before creating the
DXF file in your CAD package. In AutoCAD terminology, this is called
“exploding” the blocks.

The DXEF translator is activated from the File menu, as described above. Next,
specify the DXF file name and a Map file name using standard Windows file dialogs.
You only have to answer one additional prompt after starting the DXF translator - a
conversion factor for the translation. Normally, a conversion factor of 1.0 will work;
however, sometimes your CAD software will store coordinates in the DXF file in
units of inches. If this happens, use a conversion factor of 0.0833333 (1.0/12.0).
Each coordinate in the DXF file is multiplied by the conversion factor before being
written to the WinFlow map file.

After all entities are processed in the DXF file, the digitized map file is created. A
message to that effect is displayed at the bottom of the screen. After the translation
is finished, the map file is imported into the model and displayed on your screen.
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