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DIVISION DE EDUCACION CONTINUA 

A LOS ASISTENTES A LOS CURSOS 

Las autoridades de la Facultad de Ingeniería, por conducto del jefe de la 

División de Educación Continua, otorgan una constancia de asistencia a 

quienes cumplan con los requisitos establecidos para cada curso. 

El control de asistencia se llevará a cabo !1 través de la persona que le entregó 

las notas. Las inasistencias serán computadas por las autoridades de la 

División, con el fin de entregarle constancia solamente a. los alumnos que 

tengan un míni~o. de 80% de asistencias. 

Pedimos a los asist'!'ntes.recoger su constancia el día de la clausura. Estas se -. . - ~ 

retendrán por el periodo· de ún '.;ño, pasado este tiempo la DECFI no se hará 
,-1 ~~ ' ' .- -·-:. ... ,' ' •--A-...._ 

responsable de este d~cumento . . •:.-"' -~ < _ .. · ;¡:· __ "( .:~ ~:.;, 
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Se recomienda a· ·-los asis~enteil¡, P!lrti.ci~~r fiic}i~fl:~~n-~'!'~ con sus ideas y 

experiencias, pues los cursos que l.· ofrece .la' División ,~?.t~!(planeados para que 
, + • , , -' - r 

los profesores expori~an un á' ~esis, · pero:.sob~e ~!»~~~ i ~~~a-11¡~~~:,~~~rdinen las 
. ·- · 1· "- • ... , ... -- .. ]~:.::.J:.-t; ·-l·~·'?V·· .. ¡"'> 

opiniones de todos los interesados, constituyendo-verda<leros seminarios. 
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Es muy importal'!te ___ que todos .los asistentes-;lierieÍ!J¡Y · entrégu'e~--:-;;lu hoja de 
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inscripción al inicio : élel curso, información que . senlirá _:pa'r&~-- integrar un 
... --

directorio de asistentes, que se entregará oportunáíñente . 
. . -

Con el objeto de mejorar los servicios que la División de Educación Continua 

ofrece, al final del curso "deberán entregar la evaluación a través de un 

cu~stionario diseñado para emitir juicios anónimos . 
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Se reé~m.ienda llenar dicha evaluación conforme los profesores impartan sus 

clase&;~-~ 'efecto de no llenar en la última sesión las evaluaciones y con esto 

sean ·más fehacientes sus apreciaciones . 
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Atentamente 

División de Educación Continua. 
Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M-2285 

Teléfonos: 512~955 512·5121 521-7335 521-1987 Fax 510-ll573 521-4020 AL 26 
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SPEeiAL NOTE 

The installation of Ground Water for Windows (GWW) on your computer hard drive requires that specific 
adjustmeots be made to both your config.sys and autoexec.bat files. For those users who are not familiar with 
how to edit these files, follow the instructions given below. The bold print below indicates what you should 
enter using the key board. 

To edjt your autoexec.bat fiJe jn Microsoft WindowsTM· 

l. In Program Manager, open Accessories Group. 
2. Opeo Notepad 
3. Select File 
4. Select Opeo 
5. List all files by typing •.• 
6. Under Directorios select e:\ 
7. Select autoexec.bat file 
8. At line path=e: add to file ;C:\GWW 

At the end of your autoeMc.bat file add the line SET GWW=e:\GWW 
9. Select File aoil Save 

10. Exit and reboot your system 

Example of autoe_xec".bat file (bold entries show location of file adaitions) 
e:\ WINDOWS\net start 
e:\WINDOWS\SMARTDRV.EXE IX 1024 128 
PROMPT $p$g 
SET PATH=e:\MOUSE;e:\WINDOWS;e:\DGS;C:\HDM;e:\AOL;C:\GWW 
M O USE 
SET TEMP=e:\DOS 
SET GWW=C:\GWW 

To edit your config.sys file in Microsoft WindowsTM· 

l. In Program Manager, open Accessories Group 
2. Open Notepad 
3. Select File 

--4. Select Opeo 
5. List all files by typing •. • 
6. Under Directorios select e:\ 
7. Select config.sys file 
8. ehange your file so that it contains: 

Files=70 
Buffers=lO 

9. Select File and Save 
10. Exit and reboot your system 

Example of config.sys file (bold entries show location ·of file changes) 
BUFFERS = 30 . 
DEVIeE=e:\WINDOWS\HlMEM.SYS 
device=c:\dos\emm386.exe x=c800·cbff 
DOS=HÍGH 
FILES=70 
rem LASTDRIVE=P 
DEVIeE=C:\WINDOWS\IFSHLP.SYS 
STAeKS=9,256 



Table of Contents 

CHAPTER1 INTRODUCTION 1-1 

1.1. - ACI<NOWLEDGMENT 1-l 
12. DISCLAIMER 1~2-

1.3. TYPOGRAPHICAL CONVENTIONS 1-3 
1.4. . CONTENT OF 1HE GWW PACKAGE 1-4 
1.5. HARDWARE REQUlREMENTS 1-5 
1.6. SOFIWARE REQUIREMENTS F7 
1.7. _:-:-FEATURES ANO LIMITATIONS 1-8 
1.8. PRE-INSTALLATION 1-11 
1.9. INSTALLATIGN 1-12 
1.10. STARTING 1HE PROGRAM 1-13 
1.11. HELP 1-15 ' -
1.12. WINDOWS BASICS 1-17 

CHAPTER2 DATABASESTRUCTURE 2-1 
... 

2.1. BASIC CONCEPTS OF GWW DATA ANO FORMS STRUCTURE 2-1 
... 

2.1.1. Objects In GWW 2-1 
2.12. Foreign I.anguages 2-1 

·-2,1.3. GWWForrits 2-2 
2.1.4. Relational Data Base 2-3 
2.1.5. Data Base 2-3 
2.1.6. File 2-3 
2.1.7. Fields 2-4 
2.1.8. Field Types 2-4 
2.1.9. TextField 2-4 
2.1.10. Text Field Attributes 2-5 
2.1.11. Data Field 2-5 
2.1.12. Data Field Attributes 2-5 
2.1.13. Drawing Field 2-{i 
2.1.14. Colwnn Field 2-{i 
2.1.15. Field Name 2-{i 
2.1.16. Border 2-7 
2.1.17. Background 2-7 



Table of Contents . -
2.1.18. ·Field Labe1 2-7 
2.1.19. Labe!Font 2-7 
2.1.20. Label Color 2-8 
2.1.21. Label Alignment 2-8 ----
2.2. DATABASESTRUCTURE 2-8 
2.2.1. Data Base Structure Concept 2-8 
2.2.2. _!?ata Base Content .. 2-10 
2.3. EXAMPLE OF CREATING ANEW DATA FILE STRUCTURE 2-11 
2.3.1. Getting Started - 2-11 
2.3.3. Editing an Existing Data File Structure 2-14 
2.4. FURTiiER OPTIONS ON DATA STRUCIURE FILE MENU 2-21 
2.4.1. Writing Data Structure to Standard ASCII Files - --· 2-21 
2.4.2. Creating Data Structure from Standard ASCII Files 2-23 

CHAPTER3 FORMS 3-1 

3.1. CONCEPT OF FORMS 3-1 
3.1.1. General 3-1 
3.1.2. Entry Form Screen 3-2 
3.1.3. Entry Form Selection 3-3 
3.1.4. Content of a Form 3-4 
3.2. STANDARD FORMS 3-5 
3.3. REPORTING FORMS 3-7 
3.3.1. Types of Reporting Forms 3-7 
3.3.2. Single Record Forms 3-7 
3.3.3. Group Record Form 3-8 
3.3.4. Hydrograph Report 3-8 
3.35. Hydrograph General Table Report 3-8 
3.4. FORMEDITOR 3-9 
3.4.1. Elements of a Form 3-9 
3.4.2. Adding Field to a Fonn 3-11 
3.4.3. Text Field Attributes 3-11 
3.4.4. FieldName 3-11 
3.45. Border 3-12 
3.4.6. Background 3-12 
3.4.7. Field Label 3-12 
3.4.8. LabelFont 3-U 
3.4.9. Label Color 3-13 
3.4.10 .. Label Alignment 3-13 
3.4.11. Options 3-13 
35. CREATING A NEW FORM p 3-13 
3.6. SELECTING ANO EDITlNG AN OLD FORM 3-14 

3.7. READlNG FROM ANO WRITlNG TOAN ASCTI FILE DATA 
3-15 ENTRYFORM _ 

3.7.1. Reading From an ASCIT File · 3-15 
3.7.2. Writing toan ASCII File 3-15 

6 



Table of Contents 3 

3.8. P~GANENTRYFORM 3-16 
3.9. EXAMPLES 3-17 
3.9.1. Create a New Master Data Ent:ry Form 3-17 
3.10. NONSTANDARDFORMS 3-24 ---

CHAPTER4 UNITS 4-1 

4.1. GENERAL 4-1 
4.1.1. UrutType 4-1 
4.1.2. Uruts 4-1 
4.1.3. Conversion Factor 4-1 
4.1.4. Basic Uruts 4-2 
4.2. WORK WITH UNITS 4-2 
4.2.1. Uruts as a Too! 4-2 
4.2.2. Modifying Urut Type 4-4 
4.2.3. Adding New Unit 4-4 ----
4.3. UNIT CONVERSION UTlLITY- 4-7 

4.4. USING UNIT SYSTEM OlHER T1:lAN PRE-PROGRAMMED FOR 
GWW 

4-8 . 

45. UNITS IN INDMDUAL APPUCATIONS 4-10 

CHAPTERS COMMON ROUTINES 5-1 

5.1. GENERAL 5-1 
5.2. UNITS 5-2 

5.3. SELECTION OF WELLS OR SAMPLES OR REDUCTION OF A 
5-6 LARGE DATA SET TOA SMALLER SUBSET 

5.3.1. Select Condition S-6 
5.3.2. Selection from a Map 5-10 
5.3.3. Selection of Wells One by One 5-14 
5.3.4. Working Group 5-15 
5.4. SETTING UP PRINTER 5-16 

55. READING FROM STANDARD ASCII FILE OR WRITING TO 5-17 STANDARD ASCII FILE 
5.6. CREATING RANDOM MODELS 5-23 

5.7. EDITING ATABLE ANO ATTEMPTING TO ESCAPE WITHOUT 
5-25 COMPLETING EDIT1NG 

. CHAPTER6 MASTER DATA APPLICATION 6-1 
·l:. 

6.1. GENERAL 6-1 

6.2. RELATIONSHIP BE1WEEN MASTER DATA AND OlHER 6-2 APPUCATIONS 
6.3. ENTERING INFORMATION 6-3 
6.4. OPTIONS ON lHE MENU BAR 6-4 



Table of Contents 4 

6.4.1. Data Submenu 6-4 
6.4.2. Units 6-5 
6.4.3. Report 6-5 
6.4.4. Make Randorn 6-7 
6.45. LoadMap 6-8 
6.4.6. Help 6-8 

CHAPTER7 CHEMISTRY APPLICATION 7-1 

7.1. GENERAL 7-1 
7.2. MAIN MENU BAR AND MAJOR OPTIONS 7-1 
7.3. DATASUBMENU 7-3 
7.4. DlAGRAMS 7-4 
7.4.1~ Stiff Diagrarn 7-4 
7.4.2. Piper Diagrarn 7-5 
7.4.3. Wilcox Diagrarn 7-6 
7.4.4. Schoeller Diagrarn 7-7 
75. TABLES 7-7 
7.6. REPORTS 7-9 
7.7. OPTIONS 7-10 
7.8. MAP 7-U 
7.9. MAKERANOOM 7-13 
7.10. HELP 7-14 
7.11. EXAMPLE 7-14 
7.11.1. Crea te a New Data File Structure 7-15 
7.11.2. Create aNew Entry Forrn 7-16 
7.11.3. Create Data Base Entry 7-17 

CHAPTERS WELL LOGS & LITHOLOGY 8-1 

8.1. GENERAL 8-1 
8.2. OPTIONSONTHEMENUBAR 8-2 
8.3. DATA 8-3 
8.4. EDITlNG WELL LOG DATA 8-6 
8.4.1. Editing Existing Data 8-6 
8.4.2. Creating a New Log 8-9 
85. U1HOLOGIC UNITS 8-9 
85.1. Read In File with Syrnbols for Uthologic Units 8-10 
85.2. Edit Uthologic Syrnbols a:'d Descriptions 8-11 ~¡ 

85.3. De!eting Uthological Units . 8-12 
8.6. CONS1RUCTION DATA 8-14 
8.6.1. Annulus 8-15 
8.6.2. Hole 8-15 
8.6.3. Casing 8-16 

8 



Table of Contents . 5 

8.6.4. Screen 8-16 
8.65. Construction Units 8-16 
8.6.6. Annulus Materials 8-17 
8.7. DISPLAY 8-17 
8.8. REPORT-· 8-19 
8.9. LOADMAP 8-20 
8.10. MAKERANDOM 8-20 

- 8.11. HELP 8-21 
8.12. EXAMPLE 8-21 

CHAPTER9 PUMPING TEST APPLICATION 9-1 

9.1. INTRODUCTION 9-1 
9.1.1. General 9-1 

- 9.1.2. Features Of The lnterpretation Mode 9-2 
9.1.3. lnput Data Conventions 9-3 
9.1.4. Aquiier Parameters 9-5 
9.15. Units ·- 9-{; 
9.2. MAIN MENU BAR 9-7 
9.3. DATA 9-9 
9.4. EDITING PUMP TEST DATA 9·11 
9.4.1. Measurements Units 9-11 
9.4.2. Edit Attributes 9-11 
9.4.3. Edit Measurements 9-12 
9.4.4. Standard ASClllnput 9-13 
9.4.5. Standard ASCll Output 9-14 ... ·-
95. fTITING 9-15 
9.6. DISPLAY 9-16 
9.7. REPORTING 9-18 
9.8. MAKERANDOM 9-21 
9.9. LOADMAP 9-21 
9.10. HELP 9-21 
9.11. EXAMPLE 9-22 

CHAPTER 10 HYDROGRAPHS APPLICATION 10-1 

10.1. INTRODUCTION 1~1 
10.1.1. Gené~aJ 1~1 
10.2. MAIN MENU BAR 1~1 

10.2.1. Components of the Hydr~aph Application 1~1 

10.2.2. EntryForm 1~3 

10.3. DATA 1~3 

10.3.1. Options on the Data Menu 1~3 

10.3.2. Select Working Set 1~ 

10.3.3. Delete Record 1~ 



10.3.4. 
10.3:5. 
10.3.6. 
10.3.7. 
10.3.8. 
10.3.9. 
10.4. 
10.4.1. 
10.4.2. 
10.4.3. 
10:5. 
10.6. 
10.7. 
10.8.-
10.9. 
10.9.1. 
10.9.2. 
10.10. 
10.11. 

Table of Contents 

Seiect Entry Form 
General Data Units 
Worlang Tune lnterval 
Standard ASCII Input 
Standard ASCII Ouiput 
Print 'setu p 

WAIER:LEVEIS 
Edil Water Leve! Data 
Selecting Levels or Depth to Water Leve! 
Depth or Leve! Units 

DISPLAY 
REPORTING 
MAKERANOOM 
LOADMAP 

"ThlTERPOLATION 
Connection lnterval 
lnterpolation Date 

HELP--
EXAMPLE 

CHAPTER 11 STEP DRAWDOWN TEST APPLICATION 

11.1 
11.1.1. 
11.2. 
11.2.1. 
11.2.2. 
11.3. 
11.3.1. 
11.3.2. 
11.3.3. 
11.3.4. 
11.3.5. 
11.3.6. 
11.4. 
11.4.1. 
11.4.2. 
11.4.3. 
11.5. 
11.6. 
11.7. 
11.8. 
11.9. 

INTRODUCTION 
General 

MAlN MENU BAR 
Components of the Step Drawdown Test Application 
EntryForm 

DATA 
Options on the Data Menu 
Select Worlang Set 
Delete Record 
Select Entry Form 
General Data Units 
Print Setup 

EDIT DATAMENU 
Edit Data Submenu 
Measurements Units 
Entering Data 

FITTING 
DISPLAY 
REPORTING 
MAKERANOOM 
LOADMAP 

10-4 
1~5 
1~ 

1~7 
1~ 
1~ 
1~ 

1~ 
1~9 

1~10. 
.. 1~10 
1~11 

1~12 

1~13 

1~13 

1~13 

1~14 

1~15 

1~15 

11-1 

11-1 
11-1 
11-2 
11-2 
11-3 
11-3 
11-3 
11-4 
11-4 
11-4 
11-5 
11-5 
11-5 
11-5 
11-6 
11-6 
11-7 
11-9 
11-10 
11-11 
11-U 

io 

6 

··-



--· 

11.10. 
11.11. 

Table of Contents 

HELP · 
EXAMPLE 

CHAPTER 12 GRAIN SIZE CURVE APPLICATION 

12.1. IN1RODUCTION 
12.1.1. General 
12.2. MAIN MENU BAR 
12.2.1. Components of the Grain Size Curve Application 
12.2.2. EntryFonn 
123. DATA 
123.1. Options on the Data Menu 
123.2. Seiect Workillg Set 
123;;3:- Delete Record 
123.4. Seiect Entry Fonn 
1235. GenerartralaUnits . . 
123.6. PrintSetup 
12.4. EDIT DATAMENU 
12.4.1. Edit Data Submenu 
12.4.2. Number of Data Sets 
12.43. Data Entry Table 
125. DISPLAY 
12.6. REPORTING 
12.7. LOADMAP 
12.8. HELP 
12.9. ADDlNG OR DELETlNG SAMPLES 
12.10. EXAMPLE 

CHAPTER 13 MISCELLANEOUS APPLICATION 

13.1. IN1RODUCTION 
13.1.1. General 
13.2. APPUCATION'S CONTENT 
133. WELL FUNCTIONS 
133.1. Non-Leaky Well Function 
133.2. . Leaky Well Function 
13.4. CRA.lN SIZE ANALYSlS 
13.5. WELL CONSTRUCTION 

11-12 
11-12 

12-1 

12-1 
12-1 
12-1 
12-L 
12-2 
12-2 
12-2 
12-3 
12-3 
12-3 
12-4 
12-4 
12-4 
12-4 
12-5 
12-6 
12-7 
12-7 
12-8 
12-8 
12-8 
12-9 

13-1 

13-1 
13-1 
13-1 
13-1 
13-2 
13-4 
13-6 
13-9 

'1 ,, 

7 

• 
'">" 
• 



Table of Contents S 

CHAM'ER 14 CROSS SECfiONS 14-1 

14.1. INTRODUCTION 14-1 
14.1.1. General 14-1 
14.1.2. Application's Content 14-1 
14.2. CROSS SECTION 14-2 
14.2.1. - New Cross Section 14-4 
14.2.2. New Cross Section Uke ... 14-5 
14.2.3. Old Cross Section 14-5 
14.2.4. Oear Cross Section 14-6 
14.2.5. Save Cross Sectio~ 14-6 
14.2.6. Save Cross Section As ... 14-6 
14.2.7. Edit Parameters 14-7 
14.2.8. MakeLegend 14-8 
14.2.9. Write Text to Legend 14-8 

····- 14.2.10. Write Scale to Legend 14-8 
14.2.11. Print Cross Section 14-8 
14.2.U. PrintSetup 14-8 
14.2.13. , Dirnension 14-9 
14.3. ADDIN"G WELLS TOA CROSS SECTION 14-9 
14.3.1. Select Working Set 14-10 
14.3.2. Select Working Group 14-10 
14.3.3. Select Working Group Within Range 14-10 
14.3.4. Add Wells to Cross Section 14-11 
14.3.5. Add Uthology to Legend 14-12 
14.4. MAP 14-12 

r·· 

14.5. ADDIN"G WELLS BY DRAWING CROSS SECTION LIN"E ON THE 
14-15 MAP 

14.6. CREATING CROSS SECTION WTIH SELECTED WELLS 14-17 
14.7. ADDIN"G IN"TERSECTION LIN"ES 14-19 
14.7.1. Grid Model Menu 14-19 
14.7.2. Get lntersection Une 14-20 
14.7 .3. Edit Une Attributes 14-20 
14.7.4. Plot lntersection Une 14-22 
14.8. LEGEND 14-22 
14.9. OPTIONS 14-24 
14.9.1. Column Plotting Style 14-26 
14.9.2. Edit Chemical Concentration Parameters 14-27 

CHAPTER 15 MAPPING APPLICATION 15-1 

15.1 INTRODUCTION 15-1 
15.1.1. General 15-1 
15.1.2. Application's Content 15-1 
15.2. MAP 15-3 

Ll 



Table of Contents 9 

15.2.1. NewMap 15-4 
15.2.2. New Map like ... 15-5 
15.2.3. OldMap 15-6 
15.2.4. OearMap 15-7 
15.25. SaveMap 15-7 
15.2.6. SaveMapAs ... 15-7 
15.2.7. MakeLegend 15-8 
15.2.8. Write Text to Legend 15-9 
15.2.9. Write Scale to Legend 15-9 
15.2.10. Edit Parameters 15-9 
15.2.11. PrintMap 15-10 
15.2.12. PrintSetup 15-10 
15.2.13. Dimension 15-10 
15.2.14. Import DXF File 15-10 
15.3. GRIDMENU 15-13 
15.3.2. New Grid like ... 15-15 

·-15.3.3. Old Grid 15-16 
15.3.4. SaveGrid 15-16 

;15.35. Save Grid As ... 15-16 
15.3.6. Edit 15-17 
15.3.6.1. Edit Grid Parameters 15-17 
15.3.6.2. Edit Con tour Attributes 15-17 
15.3.6.3. Edit Contour Levels 15-18 
15.3.6.4. Edit Color lntervals. 15-19 
15.3.7. Add Contours to Map 15-20 
15.3.8. Add Color Regions to Map 15-20 
15.3.9. Add Area to Map 15-20 
15.3.10. Make Grid from Random 15-21 
15.3.11. Make Contours 15-21 
15.3.12. Make Color Regions 15-21 
15.3.13. Set Grid Area 15-22 
15.3.14. Get Grid Area 15-23 
15.3.15. Oear Grid Area 15-23 
15.3.16. Standard ASCTI lnput/Output 15-23 
15.3.17. Output to DXF File 15-25 
15.4. RANDOMMENU 15-25 
15.4.1._ New Random Model 15-26 
15.4.2. Old Random Model 15-27 
15.4.3. Save Random Model 15-28 
15.4.4. Save Random Model As 15-28 
15.45. Show Parameliirs 15-29 
15.4.6. Edit Plot Pararneters 15-29 
15.4.7. Add Points to Map 15-30 
15.4.8. Add Llbels to Map 15-30 
15.4.9. Add Values to Map 15-31 
15.4.10. Add to Legend 15-31 

.. 



Table of Contents 10 

15.4.11. Standard ASCII Input 15-31 
15.4.12. . Standard ASCII Output 15-32 
15.5. AREAMENU 15-32 
15.5.1. NewArea 15-33 
15.5.2. DigitizingArea 15-33 
15.53. OldArea 15-35 
15.5.4. Save Area and Save Area As 15-35 
15.5.5. Add Area to Map-- 15-35 
15.5.6. Add to Legend 15-36 
15.5.7. Edil Plot Pararnetezs 15-36 
15.5.8. Standard ASCTI Input and ÓUtput 15-37 
15.5.9. -vXFOutput 15-38 
15.6. LINEMENU 15-38 
15.6.1. NewUne 15-39 
15.6.2. OldUne 15-39 
15.63. Save Une and Save Une As 15-40 

-· 15.6.4. Add Une to Map 15-40 
15.6.5. Add to Legend. 15-41 
15.6.6. Edit Plot Parameters 15-41 
15.6:7. Standard ASCTI Input and/ or Output '15-43 
15.6.8. DXFOutput 15-44 
15.7. TEXTMENU 15-45 
15.7.1. NewText 15-45 
15.7.2. Old Text 15-47 
15.73. Save Text and Save Text As 15-47 
15.7.4. Add Text to Map 15-47 
15.7 .5. EditTextPararnerexs 15-48 
15.7.6. Standard· ASen Input 15-50 
15.7.7. Standard ASen Output 15-52 

CHAPTER 16 CUSTOMIZATION 16-1 

16.1. IN1RODUCTION 16-1 
16.2. CHEMISTRY APPUCATION 16-3 
163. HYDROGRAPHS APPUCATION 16-6 
16.4. WELLLOGS 16-6 
16.5. STEP DRAWDOWN APPUCATION 16-8 
16.6. GRA.IN SIZE CURVE APPUCATION 16-8 
16.7. PUMPING TEST APPUCATION 16-9 
16.8. CONCENTRATION-DEP'IH SERIES 16-10 
16.9. CONCENTRATION-TIME SERIES 16-10 

1'1 



Table of Contents 11 

CHAPTER 17 FENCE DIAGRAMS 17-1 

17.1. INTRODUCTION 17-1 
17.1.1. General 17-1 
17.12. Application's Content 17-1 
172. MODELMENU 17-4 
172.1. Make Panel from Wells 17-<í 
1722. Delete Panel 17-<í 

_172.3. Extend Panel 17-7 
172.4. Select Working Set ( of Panels) 17-7 
172.5. Se1ect Working Group ( of Panels) 17-8 
172.6. OearPanels 17-9 
172.7. Maximum-Length ·- 17-9 
172.8. Units 17-10 
172.9. Coordinate PJane Parameters 17-10 
172.10. Viewing Prameters 17-12 
172.11. Hand Drawn Lines 17-14 
172.12. Filling with Litholo"gic Pattems 17-15 
172.13. Fine Tuning of Points 17-16 
172.14. Points 17-17 
17 .3. WELLSMENU 17-17 
17 .3.1. Select Working Set 17-17 
17.32. Select Working Group 17-17 
17.4. MAPMENU 17-18 
17.4.1. LoadMap 17-19 
17.42. Select Working Set from Map 17-19 
17.4.3. Select Workir)g Group from Map 17-19 
17.5. GRIDMENU 17-20 
17.6. DRAWING MENU 17-21 
17.6.1. Make Drawing 17-22 
17.62. Drawing Margins 17-22 
17.6.3. Save Drawing As ... 17-23 
17.6.4. MakeLegend 17-23 
17.6.5. Write Text to Legend 17-25 
17.6.6. Write Scale to Legend 17-25 
17.6.7. Add Lithology to Legend 17-26 
17.6.8. Print Cross Section 17-28 
17.6.9. To Setup a printer 17-29 
17.6.10. Dimensions of the Cross Section 17-30 
17.7. DRAWING STYLE MENU 17-31 
17.7.1. Draw Lithology Pattern 17-31 
17.72. 2DDrawing 17-32 
17.7 .3. Skip Undefined Polygons 17-32 
17.7.4. Skip Lines Below and Above Log 17-32 
17.7 .5. Fill Panel Background 17-32 
17.7.6. Well Column Width 17-33 

!S 



Table of Contents · ~ - · -· 

CHAPTER 18 USER DEFINED APPLICATIONS 

18.1. 
18.1.1. 
18.2. 
18.3. 
18.3.1. 
18.3.2. 
18.3.3. 
18.3.4 
18.3.5. 
18.3.6. 
18.4. 

Th!TRODUCTION 
General 

PREPARING GWW FOR NEW APPUCATION 
APPUCATION'S CONTENT 

Data 
Units · -
Report 
:Make Randorn 
LoadMap 
Help 

USING STORED DATA TO CREATE TIIEMATIC MAPS 

CHAPTER 19 CONCENTRATION-DEPTH SERIES 

19.1. 
19.1.1. 
19.1.2. 
19.2. 
19.3. 
19.3.1. 
19.3.2. 
19.3.3. 
19.3.4. 
19.3.5. 
19.4. 
19.4.1. 
19.4.2. 
19.4.3. 
19.4.4. 
19.4.5. 
19.5. 
19.6. 
19.7. 
19.8. 
19.8.1. 
19.9. 

Th!TRODUCTION 
General 
Application's Content 

DATAMENU 
TABLESMENU 

EditTable 
SaveData 
Exit without saving 
Standard ASCll lnput and Output 
Depth Units 

LOG DESIGN MENU 
New Log Design 
Attributes 
Old Log Design 
Save Log Design and Save Log DesignAs 
Edit Log Design 

DISPLAY 
REPORTS 
OPTIONS 
MAP 

Select Working Set from Map 
TO SETUP A PRINTER 
EXAMPLE 

18-1 

1S-1 
1S-1 
1S-2 
1S-6 
1S-8 
1S-8 
1S-8 
1S-9 
1S-10 
1S-10 

·-- 1S-10 

19-1 

19-1 
19-1 
19-1 
19-6 
19-6 
19-6 
19-7 
19-7 
19-8 
19-9 
19-9 
19-9 
19-11 
19-12 
19-13 
19-13 
19-13 
19-13 
19-15 
19-16 
19-16 
19-16 
19-18 

lb 



Table of Contents 13 

CHAPTER20 CONCENTRATION-TIME SERIES 20-1 

20.1. INTRODUCTION 20.1 
20.1.1. General 20.1 
20.1.2. Application's Content 20.2• 
20.2. DATAMENU 20-6 
203. TABLESMENU 20.7 
203.1. EditTable 20.7 
203.2. Save Data, - 20.8 
2033. Exit without saving 20-8 
203.4. Standard ASCU lnput and Output 20.8 
20.4. LOG DESIGN MENU 20.9 
20.4,1. New Log Design 20.9 
20.4.2. A !tributes 20.10 
20.43. C?ld~Design 20.11 
20.4.4. Save Log Design and Save Log DesignAs 20.12 
20.4.5. Edit Log Design 20.12 
20.5. - DISPLAY 20.12 
20.6. --RERORTS 20.14 
20.7. OPTIONS 20.15 
20.8. LOADMAP. 20.15 
20.8.1. Select Working Set from Map 20.16 
20.9. TO SETIJP A PRINTER- 20.16 
20.10. INTERPOLATION 20.17 

EXAMPLE 20.19 

APPENDICES 

APPENDIXA GWWFILES A-1 
APPENDIXB DATA BASE STRUCTURE FILES B-1 
APPENDIXC ENTRY & REPORTING FORMS C-1. 
APPENDIXD VARlOUS ASCU flLES .. PROGRAM DEFAULTS & EXAMPLES D-1 
APPENDIXE LITHOLOGICAL SnffiOLS E-1 

EXAMPLES 

EXAMPLE1 DATA STRUCTURE FILE FOR CHEMISTRY ~ 

2-15 
EXAMPLE2 NEW NEW MASTER DATAENTRY FORM 

·.:..-·~,.'(' 

3-15 
EXAMPLE3 NEW CHEMICAL DATA BASE 7-14 
EXAMPLE4 CREATING A WELL LOG 

"~I-' _, 8-19 
EXAMPLES PUMPING TEST 9-21 
EXAMPLE6 HYDROGRAPH 10.15 
EXAMPLE7 STEP DRAWDOWN TEST 11-12 
EXAMPLE8 GRAIN SIZE DISTRIBUTION CURVE 12-9 
EXAMPLE9 NON-LEAKY AQUIFER WELL FUNCTION 13-3 



. 

EXAMPLE10 
EXAMPLEll 
EXAMPLE12 
EXAMPLE13 

Table of Contents · 

LEAKY AQUIFER WELL FUNCTION 
SCREEN DIAMETER CALCULATION 
CONENTRATION-DEPTH SERIES 
.CONCEN1RATION-TIME SERIES 

13-5 
13-11 
19-18 
20-19 

18 



GROUND WATER FOR WINDOWS- PREFACE 

Version 1.1, March 1995 

_ Software designed and User Manual and OI'!_~line Help written by Jasminko 
Karanjac, Ph.D. (Civil & Geological Engineering). Software written by Dusan 
Braticevic, Ph.D. (Mathematics & Computer Graphics). 

This manual, including the table of contents and graphics, was produced and 
printed using the Ventura Publisher desk top publishing software. Screen graphics 
was captured with the FreezeFrame package. 

Information in this manual is subject to change without notice and does not pre
sent a commitment on the part of the United Nations or the authors. 

The on-line Help and/ or Read.me file on he distribution diskette will normally 
contain updates and revisions to the text contained in this manual. 

The order of chapters and topics covered in this manual may appear to be out of 
sequence. For example, the chapters on additionál chemical data processing, such 
as Chapter 19- Concentration-Depth Series, and Chapter 20- Concentration-Time 
Series could come after Chapter 7 - Chemistry. These applications have been 
added after the version 1.00 was completed and submitted to the United Nations. 

The reader is advised to start with general topics presented in Chapters 2 and 3 -
(Data Base Structure and Forms, respectively) and read Chapter 5 (common rou
tines). Other chapters may be read when relevant applications are used. Chapter 
15- Mapping is of general importance and contains the information which is used 
in every application. For comments, ideas, corrections, or problems noticed with 
this software, please call or fax J. Karanjac, telephone/fax number 404-621-0548. 
Address: 3194 Hathaway Court, Atlanta, Georgia 30341; U.S.A 

-· 
!'? 



i 

GROUND WATER FOR WINDOWS ... OVERVIEW 

Ground Water for Windows is a relational data base and a 
Ground Water Informatúm Systern (GWIS). The GWW 
combines the principies of Geographic húormation Sys
tems (GIS) with powerful dedicated ground water data 

processing and reporting modules: 

• Master Data· 

• Chemical Data(including time and depth series) 

• Pumping Test Processing and Aquifer Parameters 

• Well Logs and Well Construction Data· 

• Lithologic, Hydrogeologic and Stratigraphic Cross 
Sections (in two and three dimensions) 

• Mapping 

• Step Drawdown Test Data 

• Water Leve! Measurement Data 

• Grain Size Distribution Curves and Calculations of 
Hydraulic Conductivity Using Empirical Formulas 

• Various Hydrogeological Calculations, such as Well 
Functions, Drawdowns, and Miscellaneous Well 
Construction data. 

• User-defined storage and retrieval application.S. 

MAPPING The GWW is capable of: 
APPLICATION 

• Contouring any space-dist.:lbuted parameter; such 
as any chemical constituent; interpolated water leve! 
or depth to water, transmissivity, hydraulic conduc
tivity or any other hydrogeological parameter; stra
tigraphic·contacts expressed as depth or absolute 
elevations; thicknesses of lithostratigraphic mem
bers; ground surface elevation; etc. 

• Adding color regions to the map. 
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LITHOLOGIC 
CROSS SECTIONS 

GROUND WATER FOR WINDOWS OVERVIEW 

• Creating a gridded equidistant model from random 
values. · 

• Digitizing, on screen with a mouse, lines, areas, and 
points. 

• Adding lines, areas, and text to the map. 

• Importing AutoCad's .dxf files (data interchange 
files) and exporting grid models, lines, areas, text, 
points, and contours to .dxf forma t. 

• Importing ASCll files containing the coordinates of 
points, lines, areas, grid models, and text. 

• Saving various thematic maps as a part of.the infor-
mation system. 

• Preparing various ASCII data files for direct input 
into the modeling sofuvare packages. 

• Using maps to reduce· a large data set to a smaller 
subset belonging toa free-hand drawn are a, a rectan
gle, or simply selecting wells point by point. 

• Using maps to select cross sectionlines and for select- · 
ing wells within a range from the cross section line to 
be plotted on the lithologic or stratigraplúc cross sec-
tion. · 

You may crea te lithologic cross sections directly from a 
map by using a mouse and selecting points one by one, 
by selecting a hand-drawn are a and adding wells within 
a certain range from the cross section line, or by selecting 
a polygon area. 

You may add Vél;rious lines connecting wells: 
- . ~· --·· . 

• ground surface elevation 

• static or dyniímic water levellines 

• lines separating stratigraplúc units. 

1 1 -· 
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FENCE DIAGRAMS 
orTHREE 

DIMENSIONAL 
MODELINGOF 

LITHOLOGY 
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GROUND WATER FOR WINDOWS OVERVIEW 

You may label these lines, and select any color, line pat
tern, font and typeface for drawing or labeling. 

• You may create one or more legend blocks and posi-
tion them at any place on the drawing. ·-

You control the size of the cross section by selecting hori
zontal and vertical scales. You also define the width of 
Iithologic columns. Symbols displayed on a cross section 
are the-ónes selected and/or created by you. 

You may also add well construction details, such as cas
ing diameters and position of well screens. Of an appeal 
in contaminant mo'l!:ement studies will be the option to 
add one or two graphs representing chemical constitu
ents with depth of sampling. 

' Using this application you may crea te one or more fence 
(block) diagrams. The features of this application are: 

• Selecting wells for presentation on fence diagrams. 

• Connecting layers and litho-stratigraphic units by 
free-hand drawing or as grid lines created using the 
Mappingapplication. 

• Filling layers or closed polygons with lithologic sym
bols and pattern. 

• Changing rotation and view angles to enhance a 
fence diagram. 

• Making·drawings with legend blocks, labels and 
headers: 

• Saving drawings for printing. 
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WELLLOGAND 
WELL 

CONSTRUCTION 

GROUND WATERFOR WINDOWS OVERVIEW 

Using the Well Log application on the main menu bar of 
the GWW software you may do the following: 

• Crea te ~<l.. new welllog by entering drilling data 
(depths and lithologic description of drilled layers) 
and construction data (hole and casing diameters, 
screen positio~materials filling annulus). 

• Use the existing lithologic symbols for various li
thologic members añd/or materials filling the annu
lus. 

• Crea te new symbols directly on the screen or using a 
text processor. 

• Display a welllog with its construction details on the 
screen. 

• Create a lithologic data base which will be used by 
another application, the Cross Section, for creating li
thologic cross sections, and by the Mapping applica
tion for creating various random models and contour 
maps. 

• Print a well log, using a default reporting forrn or ·· 
your own created forms. 

• You may display static water levels on the log. 

• You may write descriptions or characterizations of 
various lithologic members and layers. 

• You may enlarge the well construction detall by ex
panding to other columns. By selecting a large verti

~ ~ cal sea!'",· .tite well log will continue to print on 
subsequent pages. 

• You may design the screen pattern (bridges, holes, or ·•· 
slots) and display or print lines and backgrounds of 
every symbol in colors. 

• You may custornize the display and replace English 
words with equivalents in your native language. 

..... 
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CHEMICAL DATA 
APPLICATION 

GRAINSIZE 
DISTRIBUTION 

CURVES 

GROUND WATER FOR WINDOWS OVERVIEW 

With the C hemistry application of GWW yo u can do the 
following: 

• Create the chenúcal portien of the Ground Water In
formation System (GWIS-) with unlimited numbez:__ 
( except for practica! reasons!) of constituents and pa
rameters. You may include any contaminant, trace 
metal, rare elements, and the like. 

• Disp_lay on the screen the following diagrams: STIFF, 
PIPER, WILGOX, and SCHOELLER. Customize the 
displays, colors, fonts and other attributes. Translate 
to languages other than English if you n~ed so. 

• Add a location map to your reports. 

• Input data in ppm or epm units. 

• Import chemical-data as ASCII files from other data 
base programs or spreadsheets.Prepare data for con
touring, crea te interna! files with random points to be 
used in the Mapping application for gridding and 
contouring. 

• Report chemical data in tables and graphs. .-. 

• Create chemical constituent time series and print as 
stand-alone graphics. 

• Create chemical constítuent concentration - depth 
diagrams ahd present them either as stand-alone 
graphics or as histograms superimposed on li
thologic cross sections. 

This is one application which might become handy if 
you ha ve collected plenty of granulometric samples and 
hé!_ve them analyzed in a lab. Coupled with another ap
plication, :MISCELLANEOUS, in which you may calcu
late hydraulic conductivities based on empirical formu
las by Hazen; Kozeny, Terzaghi, Slichter, Zamarin, and 
the U.S. Bureau of Reclamation, you- can produce hy
draulic conductivities and transmissivities for layers in 

_ boreholes. 



vi 

PUMPING TEST 
DATA 

APPLICATION 

GROUND WATER FOR WINDOWS OVERVIEW 

You may produce grain size curves as a docuinentation 
report, or you may keep them in the data base. 

This is a data base and field-data processing package. 
The following methods and options are featured: 

• Confined aquifer tests and corrections for uncon
fined aquifer conditions. 

• Corrections for· partial penetration. of test well 
and/ or observation well in a confined or unconfined 
non-leaky·aquifer. 

• Oassical Theis and Hantush methods for non-leaky 
and leaky aquifers. 

• Recovery method. 

• Possibility to remove any test data from the fitting 
procedure. 

•~ Possibility to use test wells which were pumped at . 
various rates during ~-:_test. 

Sorne of these solutions appear for the first time in the 
theory of pumping tests. The computer processing of the . 
variable pumping rates is the new methodology which, 
to the best of the authors knowledge, has not been imple-
mented before. --

For the display of test data or the quality of fit, or for 
printing results, you may use one of the three methods: 

• linear (time) -linear (drawdown) scale 

• logarithmic (time) -linear (dré.:tvdown) scale • 

• logarithmic (time) -logarithmic (drawdown) scale 

You may report the test results in a graph form or as a 
table. -

L. S 



WATERLEVEL 
MEASURE:MENTS 

APPLICATI0]\1 

STEP DRA WDOVVN 
PUMPING TEST 

APPLICATION 

GROUND WATERFOR WINDOWS OVERVIEW 

You inay use this application to keep in the data base all 
water leve! measurements for all observation or moni
toring wells. The options included in_the_module are: 

• Display of water levels in a selected time period. 

• Selection of water_levels in absolute elevations or 
depths to water from a measuring point. 

• Display of all points connected by lines, or selection 
of a "connection criterion" within which the measure
ments would remain as scattered and not-connected 
points. 

• Interpolation of water levels or depths to water at a 
selectedinterval. Tiús permits the creation of water 
level contour maps for a certain date although there 
may not be measurements on that da y. 

The step drawdown test is conducted to show the effi- · 
dency of a well to be used as a production or water sup-
ply well. The total drawdown is broken down into two 
components: aquifer loss (inevitable)and wellloss (to be .-·· 
prevented). Two methods of "fitting are built in the 
GWW: 

• Sw = aQ + b<i (classical Jacob theory) 

• · Sw = aQ + bQn (Rorabaugh theory) 

The calculation is demonstrated with a display and a ta
ble containing aquifer loss, well loss, and effidency for 
each pumping step. The average effidency for all pump
ing steps is written into the data base for an eventual 
comparison and areal analysis. 

MISCELLANEOUS In this applic¡¡,tion you have the following options: 
CALCULATIONS 

vii 

• Well functions for leaky and non-leaky aquifers. You 
may calculate drawdowns as a function of d.istance 

26 
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from a pumped well, time of pumping, hydro- -
geological characteristics of the aquifer, namely 
transmissivity and storage coefficients, charac
teristics of the semiconfining !ayer iLthe.aqtúfer is a 
leaky one, and the pumping rate. · 

· • Empirical formulas by various authors for calculat
ing th~ydraulic conductivity on the basis of effec
tive grain sizes (Hazen, U.S.B.R, Kozeny, Terzaghy; 
Slichter) or the total curve (Zamarin). 

• Design of a well considering its diameter, screen 
characteristics, length of screen, entrance velodty to 

· __ screen;-and the pumping rate. With all but one of 
these parameters known, the program calcula tes the 
remaining unknown parameter. The program also 
suggests a-CaSing diameter for a corresponding 
pumping rate if a vertical turbine pump is to be used. 

USER You may dedde to keep in the data base sorne informa-
APJ>LICATIONS -- tion which has not been foreseenby GWW. Agood exam-' 

pie is inventory of production wells in an irrigation area,:: 
or data on rainfall and evaporaton. Theoretically you · 
may store just about anything. Yo u assign a name to your 
"additional" application, prepare entry and reporting 
forms as for any other application and use most of op
tions available for other applications. 

GENERAL 
CAP ABILITffiS 

The GWW software is independent of printers, plotters, 
mi ce devices, digitizing tablets, video display standard!:, 
fonts, etc. All this is taken care of by WINDOWS. 

The GWW is also language independent. Well, almost! 
The program and its messages will remain in English, 
but you may create every reporting form without a sin
gle English word. 
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You may create displays and printouts with 16 million 
colors, if you need to and ha ve a printer capable of print
ingthem. 

-

You may use any WINDOW5-supported font that you 
may get hold of, such as TrueType, Adobe fonts, 
CorelDraw fonts, etc. 

)'ou may reduce a large data base to a smaller working 
set. This is accomplished with a very versatile Selection 

· Condition which permits you to use any piece of infor
mation in your data base as a filtering criterion. 

You may create even smaller Working Groups to display 
wells belonging to them on chemical diagrams and li-
thologic cross sections. ' 

Maps, cross sections;, pumping tests, step-drawdown 
tests, and grain size disi:ribution curves remain in the 
data base as an integral part of the information system. 
You do notneed to recalcula te or reconstruct them if you 
do not-wish to . 

. . 
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- CHAPTER ONE INTRODUCTION 

1.1. 
ACKNOWLEDGMENT-

1-1 

The Ground Water for Windows (GWW in teíct to follow) 
software package has been developed by the then 
United Nations Department for Economic and Social De
velopment; Science, Technology, Energy, Environment 
and Natural Rese:urces Division; Water Resources . . 

Branch, New York. The programming is an outcome of a 
special service agreement with the programmers of the 
United Nations Ground Water Software series (UN /GW 
in the text to follow), now known as the DOS Version of 
the·United Nations Ground Water Software. 

The authors of the GWW package are Dusan Braticevic 
(Ph.D. in Mathematics and Computer Sciences) and Jas
minko Karanjac (Ph.D. in Geological and Civil Engineer
ing). Mr. Braticevic programmed the system, with all its 
components: data structure, data forms, applications, 
graphics, etc. Mr. Karanjac designe~ the system for use 
by practicing hydrogeologists. He also created the help 
system and this manual. 

The authors wish to acknowledge the role of Uri Golani, 
former Interregional Adviser in the Water Resources 
Branch of the UN/DESD, for masterminding the whole 
project, supporting and advising the authors, and pro- . 
viding useful suggestions and hints for improving the 
whole package. Much credit therefore goes to Mr. Golani 
for the development and existence of this software. 

' ' 
· The author of this manual is indebted to Laura Peters and 
Jill Raffety of Golder Associates Inc. (Atlanta) who edited 
portions of the manual in draft form. He thanks his asso
ciate, the principal programmer of the software package 
Dr. D. Braticevic, for listening to ideas and suggesting 
sorne excellent solutions of his own. If the users of this 
software package find it useful and beneficia! in their 
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-work, and like itas muchas we the authors do, let them 
remember our respective spouses, Obrena Karanjac and 
Jesenka Braticevic, without whose patience, under
standing, encouragement, and compassion we would 
have given up long ago. We, as authors, dedicate this 
work to them. 

1.2. DISCLAIMER The former United Nations Department for Economic and 

1-2 

Social Develupment; Science, Technology, Energy, Environ
ment and Natural Resources Division; Water Resources · 
Branch and its current successor Department for Develop
ment Support and Mimagement Services assume no respon
sibility and shall have no liability, consequential or 
otherwise, of any kind arising from the use of this pro
gram material. 

The programmers have used their best knowledge and 
judgment in making the program, in writing this man
ual, and in presenting it to the public. The. GWW pack
age is in public domain, although the ownership of the 
United Nations and the effort of the authors should be 
mentioned whenever the software is used and/ or dis
tributed. 

·since the GWW package is programmed to run under 
Microsoft Wmdows, which provides most of the basic 
tools used by GWW, sometimes it may be difficult for a 
novice to differentiate between error messages created 
by either Wmdows or GWW. Also it would not be sur
prising to encounter sorne problems using GWW, ver
sien 1.1, in situations that have not been foreseen by the 
authors. Furthermore to test the whole system exten
sively and eventually disco ver and remove all remaining 
inconcistencies and/ or bugs would take months of 
work. Rather than that, the authors and the U.N. have 

. decided to present this package and have it tested under 
the real-world situation. 

This does not mean that you should not keep backup 
copies of data bases created using GWW. Backup the 
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data base frequently. At some point you will be happy 
youclid! 

There are severa! conventions, whether typograplúcal or 
symbols, that have special meaning in tlús manual. The 
names of menus, and menu and dialogue box options 
when they refer to actions wlúch you should follow ap
pear in boldface type (e.g. Map menu, Save As •. menu 
option). 

The hand pointer emphasizes important points. Some 
paragraphs will be printed as italics. These are normally 
Notes or Comments with some generallúnts or sugges· 
tions. N ames of some data.fields will also be printed us· 
ing italic font style. ·-

. Throughout tlús manual, the term ENTER is equivalent 
to RETURN. In most cases, tlús is also equivalent to click·' 
ing the mouse on the OK button in dialogue boxes. 

The term Cursor refers to the screen cursor that moves 
when you move the mouse. The shape of tlús cursor de· 
pends on the function selected, and on the action being 
performed. For details, see a Windows Manual. 

The phrase Select the ... means you should move the 
mouse cursor to the middle of the item that you are go· 
ing to select, and then press the left mouse button once. 
Alternatively, you may select an ítem by using the key· 
board with the combination of keys, the first of wlúch is 
ALT and the second is the character underlined on the 
menu. 

There are many examples in tlús manual. The beginning , .. 
of each example is marked with the symbol on the left. 
Ea eh page with an example being worked out is marked 
with the symbol: ~ 



1.4. CONTENT OF 

1-4 

THEGWW 
PACKAGE 

ex e 

hlp 

unt 

dlt 

GWW.OOO 

PPMTOEPM.TBL 

CHAPI'ERl. INTRODUCI'ION 

Sorne of the cliparts used in this manual are taken either 
directly or modified from Micrografx Designer and 
CorelDraw. 

In this manual we are referring to the GWW as .to a sys
tem, software package, program, and information sys
tem. 

The GWW package wi!}l_all its executable files, example 
ASCII files, and the help files occupies about 11 mega
bytes (MB) of disk space. Atable listing al! files that com-

- prise the system is presented in Appendix A. 

Filename extensions have spedal meanings in this pack
age:-

executable file; only GWW.exe is directly executed; all 
other exe files are called by the-GWW.EXE program; 

help for eachmájor program subdivision; 

file with default units; 

screen and lithologic symbols ASCII files. 

In addition to exe files, there are severa! files which ha ve 
spedal importance: 

The template data base, with all default structures and 
forms (both entry and reporting); this is a blank data 
base, without data and information, but with all interna! 
files that serve as a starting point in establishing a GWIS. 
You must not erase this file! You may copy the contents 
of another database "empty" file to GWW.OOO but you 
must have this file in the GWW directory if you wish to 
create a new data base. 

An ASCII file which contains conversion factors from 
parts per million (ppm) to equivalent per núllion (epm). 

:33 



1-5 

CHAPTERl INTRODUCTION 

You rnay add to this file additipnal chemical ions which 
you intend to keep in your data base. It is fuly repro
duced in Appendix D. · 

SCREEN.DLT-- An ASCII file which contains symbols for dr~wing 
screen on a welllog and painting blank casing. Yo u rnay 

. rnod.ify this file and design symbols other than the de
fault. It is fully reproduced in Appendix E. 

ANNULUS.DLT An ASCII file which contains codes, description and 
symbols for severa! typical cases of rnaterials filling an 
annular space (a space between the drilled hole and-cas
ing). It is fully repróduced in Appendix E. 

~ITH.DLT An ASCll file which contains codes, descriptions and 
sy¡ñbols for rnany lithological units. You rnay add new 
symbols to this file, change its textual or numerical con
tent, or delete sorne parts: You rnay also renarne it and 
read into the programas an ASCIT input file in the proper 
place. It is partially reproduced in Appendix E. 

1.5. HARDWARE 
REQUIREMENTS 

The systern rnay work without sorne of the executable 
files. If, for example, the file chem.exe is rnissing or cor
rupted, the package will work without the chernical ap
plication. 

GWW.UNT file is the default units file. The file lists the 
unit type (e.g., transrnissivity), the unit narne (e.g., 
rn2 1 day), and the unit conversion factor (e.g., 1 m = 100 
cm). It is fully reproduced in Appendix D. 

Ground Water for Wmdows requires an 80386, 80486, or 
80586 (Pentiurn) personal cornj,utP.T. The software is 
written for the top-of-line present-day cornputers. It will 
run on any cornputer systern which supports Windows, 
induding an 80386 SX with rnathernatical co-processor, 
but its efficiency, speed, and overall usability will be 
greatly irnproved on fast cornputers, equipped with 
plenty of Randorn Access Mernory (RAM), and with a 

34 
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large hard disk. Your computer system must also contain 
the following or equivalent: · 

• Minimum of 4 megabytes of RAM. It iS recom
mended that 8MB or more system memory be in
stalled for increased performance. This is a standard 
requirement for any large-size contemporary Wm-
dows application . 

. 

• Ahard disk drive with at least 16 megabytes of avail
able hard disk space (after Wmdows is installed) for 
the 4}stallation of the whole system. Depending on 
the size of the data base to be created and/or han
dled, a mínimum of 6MB additional disk space 
should be available for temporary disk space. Do not 
forget that Wmdows also needs sorne storage space 
for file swapping and keeping temporary informa
tion (virtual disk). Also the data base you are going 
to create may grow to severa! megabytes size. Each 
data base is backed up automatically, which requires 
additional severa! megabytes storage. 

• At least one floppy disk drive to install the package 
and backup the program and data base files. 

• A video adapter, suc!J.as standard VGA (640x480), or 
enhanced or super VGA (800x600 and 1024x768). 

• Ai:nouse. 

• Aprinter. 

GWW package-does not contain video drivers, printer 
drivers, any other peripheral driver, or fonts. The capa
bilities of your display, printer, plotter, digitizer and 
other peripherals, and the fonts available to GWW for 
display and printout will depend entirely on the capa
bilities you have installed for Wmdows. The same goes 
for languages. For instance, if yo u install the French ver
sien of Wmdows, yo u may crea te an almost 100% French 
version of a data base. 

An almost ideal system configuration for running GWW, 
at the time this manual is written, would be as follows: 
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• a 80486 (DX, DX2, or DX4) PC with minimum 8MB of 
RAM, ninning at minimum 66MHz, and minimum 
256KB cache memory; 

· • 300MB hard disk; 

• one 3.5" high density (1.44MB) floppy disk drive; 

• non-interlaced super VGAcOlor monitor, preferably 
of 17'' or greater size; 

• 24 bit 2MB graphics accelerator super VGA video 
card, with 1 or 2MB RAM on-board; 

• 2 serial and 1 parallel port; 

• a laser printer with minimum resolution 300 dots per 
inch (DPI), preferably the new generation of-600 DPI 
laser printers; 

• a color printer, such as HP DeskJet 1200C, SSOC, or 
560C; HP PaintJet XL300; or Seiko Instruments Per
sonal ColorPoint PSE; 

• amouse; 

• a digitizing tablet 12" by 12", or a full size digitizer. 

Of course, a Pentium maqúne running at lOOMHz and 
equipped with 32MB RAM, and a 20-inch monitor with 
an ultra fast video adapter would make the difference! 

• Microsoft Wmdows version 3.1 or higher must be in
stalled prior to running GWW. The current "best" 
version of Windows, that is Windows for Work 
Groups version 3.11 (WFWG) is the best choice be
cause it supports 32-bit disk and file access. This, 
alone, makes the work with large data bases usin~ 
GWW much more efficient. 

• DOS 3.3 or higher. The currently available DOS 6.2 
version is defmitely the preferred version. 

The minimum entries that should appear in your AUTO
EXEC.BAT file are the following: 
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• C: \ WINDOWS\SMARTDRV.EXE 

• SETGWW=C:\GWW 

While the disk cache driver SMARTDRI_VE is optional, 
the SET GWW.line is mandatory, i.e. it must be inserted 
into your AUTOEXEC.BAT file. 

The following values are recommended for the corre
sponding CONFIG.SYS file: 

• ffiES=70 

• bufferS=lO_. 

You may creaté large groundwater data bases; There is 
no apparent limit on the data base size, except for prac
tica! reasons. However, although you may create one 
data base for a whole region, with severa! thousands of' 
wells making the base, work with such a huge base will 
be awkward at sorne point. Searching for particular in
formation may become slow. Ideally the data base 
should contain less than 2000 well points for retrieval 
work to be time effective. 

You may always merge information using Write to 
Standard ASOI File and its complementary Read from 
Standard ASOI File options. 

Almost every piece of information can be written to an 
ASCII file and read from an ASCII file. 

The data base is relational. This is interpreted in the fol
lowing SPllSe. Each data base is composed of wells, well 
points, water points, springs, and the like. Ea eh well ora 
water point is an entity defined with its X and Y coordi~ 
na tes anda unique identification. The well identifical;ion 
can be a number, a string of characters, or any combina
tion of numbers and characters. Each well point (well, 
spring, etc.) comprises various data and information 
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each of which is wúquely identi.fied. Each data entry 
form must start with the Well Identificatiim field. This 
field entry is used to relate information input from dif
ferent applications. For example, if you._create a master 
data file, assigning the identi.fication number to a well 
(55', and then type the information for.well55 in a hy
drograph entry form, that informa ti en can automatically 
be associated with all entries made for well number 55. 

The data base is object-oriented. By definition, an object 
is something you place on an entry or reporting form. 
Objects can be fields or tables containing values; graph
ics, text, or shapes that affect the appearance of the form 
(ObjedV!Sion 2, reference Guide, Borland International, Inc. 
1991). For example, the calcium content of a water sam
ple is an object:-'fhis informa ti en is typed in its own data 
field, which is characterized by label font and font style 
(e.g., Times font, 12 points, bold), by data font (the way 
in which numerical values for calcium will be displayed 
and/or printed), background color for the field, label 
and/ or data alignment (vertically and horizontal! y), etc. 

Since a piece of information is an object, you may also 
design output or report forms and place-and arrange ob
jects according to your specifications. This means that 
you can take any information from any part of the data 
base and place it on the screen or a report form in almost 
any way you wish. 

You may create various thematic maps which, when 
saved, become an integral part of the data base. Ideally 
you may crea te a base map for your project, country or 
the whole regían. You may fill this base map with infor
mation such as location of all drilled wells - ene map 
with the location of all wells for which the driller's log 
and lithologicarch'aracterization áre available- another 
map with the location of all wells with water samples -
still another map, and so on. You may crea te many such 
maps and retrieve them w hen you wish to see ata glance 
the amount of particular information available in your 
data base. A water level contour map for a certain date is 
also ene of the maps available in the data base. Once set 



1-10 

CHAPrERl INTRODUCI'ION 

up, it may be retrieved in almost an instant, without re
calculation. 

.. 

GWW includes almost all the features of a soplústicated 
contouring program such as: 

• creating a regularly spaced giid from irregularly 
spaced data; 

• selecting any portion of the map to do the gridding 
arid contouring; 

• contouring, using a gridded model, and creating 
contour maps for ariy parameter distributed in the 
X-Y space; 

• contour line editing, that is selecting labeled and aux
iliary contour lines, colors, color intervals, line tlúck
nesses and patterns, fonts for labels, and many more; 

• adding text, lines and areas to maps; and 

• screen digitizing of lines and areas, and saving them 
in standard ASCII files. 

As a special bonus you may use the mapping application:
of the GWW to prepare data files as input to mathemati
cal models, such as the MODFLOW. 

GWW creates not only a ground water data base, but a 
Ground Water Infonnation System (GWIS). It combines 
classical ground water information with digitally 
mapped geograplúc displays. Entire maps can be irn
ported to the data base in a standard dxf (data exchange 
file) forma t. 

Graplúcs programs require a lot of memory. If you have 
a slow machine with little available RAM, or if you are 
using an earlier version of Wt.;do>:;s, GWW can be very 
slow or yóu may run into otht:!r problems. For example, 
GWW might become incapable of certain operations, 
such as printing. It is recommended to use GWW alone; 
all other applications should be closed before running 
GWW. 
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NOTE. Remember that a fully develaped GWIS, with about 
1000 wells, 20 maps and 10 cross sections fiilly colored, named 
as objects and stored in GWIS, may easily become 3MB big. 

Before you perform any installation procedures you 
- should backup the original GWW program floppy disks 

and use the backup copies for installation. This can be 
done using the Wmdows File Manager Copy Disk op
tion. Note, however, that when you copy a floppy disk, 
both disks (source and destination) must have the same 

- storage capadty. In the case of GWw, you should be us
ing high density 3.5-in floppy disks. The procedure to 
copy floppy disks from W~dows is the following: 

l. In the Main group, choose File Manager icon. 

2. Insert the source disk in the drive you want to ccipy 
from-.-

3. From the Disk menu, choose Copy Disk. 

4. Answer the prompts in the dialogue box (if you have 
two floppy drives). Select the letter of the source 
drive and the destination drive, and then choose the 
OK button. (If your computer has only one floppy 
disk drive, this dialogue box does not appear.) The 
screen may look as in Figure 1-1. 

S. A confirmation dialogue box appears, in which you 
can verify that you want to copy the disk. 

Be careful! When you capy an entire disk, there is no way to 
recover information previously stored on the destination disk . 

If you have only one floppy disk drive, follow the in
structions to switch source and destination disks as 
needed. 

40 
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Source In: 

Destination In: 

The installation is from one of disk drives using the DOS 
prompt. Before you start the installation read the file 
Readme.lst. This file will contain additional information 
after this manual was written. The installation procedure r 

may be different, depending on the version of the pro
gram. The GWW software package comes on 4 diskettes, 
which are 3.5-in. size, double sided and high density (lA 
MB). 

l. Insert GWW disk number one in the appropriate 
floppy disk drive. 

2. Log (change drive toA: or B:) to the floppy disk drive 
from which you wish to install GWW. 

3. From the.· DOS command line type InstallA or Ir.
stallB, depending on which disk drive you are using 
for the installation, and follow the prompts. 

Disk One contains an installation batch file, IN
STALLA.BAT or INSTALLB.BAT. All files come in com
pressed form, or archived. The installation routine will 
decompress the files. Disk one contains also a decom-

41 
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· pressing file, ARJ.EXE. Its use is prohibited for commer
dal purposes. This file will be copied to the directory 
C:\GWW, which wil be created by the INSTALLABAT 
or INSTALLB.BAT file on disk one. You should place 
disk two, disk three and disk four in one of floppy disk 

- drives and repeat the command INSTALLA or IN
STALLB. All files on all four diskettes will be decom
pressed and-copied to the directory C: \GWW. The order 
of disk decompressing and installation is not important, 
except that disk no. 1 must come first beca use it contains 
the decompressing file. 

NOTE. To install GWW alone you need about 14 MB disk 
space! 

You are advised to keep your data base files separate · 
from the GWW directory. The GWW directory is already 
very big. You will notice that you will quickly create 
many ASCII data files, either as a backup, oras inputs to 
the data base. Likewise, you will have different forms, 
.dxf files, etc. 

l. Yo u should make a new directory giving it most prob
ably the name of your project, region, or country. 

2. You should ensure that your AUTOEXEC.BAT file 
contains the line SET GWW=C:\GWW (see also 1.6). 
(Yo u may ha ve another drive letter, not necessarily C. 
However, if your installation program copied the 
files to the C: drive you should move all files to an
other d":ive:on which you should create the directory 
\GWW.) 

3. If you do not have a separate GWW group on your ' 
Wmdows menu, and you want to have it, you may 
crea te it in the following way. 
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3.1. From !:tte File menu in the Program Manager's 
group, choose New. The New Program Object dia
logue box will appe~. 

3.2. Select the Program Group option, and then choose 
OK. The Program Group Properties dia- logue box 
will appear. 

3.3. In the description box, type Grcrnnd Water for Win
dows. This déscription will appear in the title bar of 
the group window and below the group icon. 

3.4. Choose OK. 

4. You should crea te the program item which will repre
sent the GWW application. You may do it in several 
ways. The procedure by using Program Manager is 
explained below. 

4.1. Open the GWW group. (Click on the title bar with 
the words 'Ground Water for Wm9,ows.') 

4.2. From the File menu in Program Manager, choose 
New. The New Program Object dialogue box will ap
pear. 

4.3. Select the Program Item option, and then eh o ose O K. 
The Program Item Properties dialogue box will ap
pear. 

· 4.4. In the Description box, type a description that 
uniquely identifies the GWW application such as 
Ground Water for Windows. This description will be
come the label that appears under the icon in the 
group window. 

4.5. In the Command Une box, type the name of the pro
gram file. In our case this will be: 
C: \GWW\GWW.EXE. Here you may add the name 
of the data base in continuation, for instance, 
C: \GWW\GWW.EXE EGYPT.GWW. In this case, the 

'·· data base EGYPT.GWW will open automatically 
when you click on the GWW Main icon. Por begin
ners, we do not recommend this procedure. If you 
type C:\GWW\GWW.EXE but without any data 
base name, yo u will be given an opportuni ty to select 
a new data base or work with one of existing data 
bases. When you gain experience and become com~ 

43 



1-15 

CHAPT'!JRl INTRODUCTION 

fortable with the GWW software, you can switch to 
automatic opening your data .base. 

4.6. In the Working Directory box, type the name of the 
directory where the program files (data base file) for 
the GWW application are located and where new 
files will be placed. The directory you specify here 
will become the current directory while the applica
tion is running .. In Figure 1-2, you will notice that a 
directory EGYPT has been created to accept al! files 
that mªy be created when .running the GWW soft
ware. 

llo•rn;poo· ~~ GWW;,;;,;~=======::; 
~UiJP.·. I~GWN\GWW.EXE. 

~'ldli>IJ.~. ~~e:'\::!:. E=G=YPT======~ 
~·~ ~~N=""="------------~ 

!i}! OBunMinimized 

Figure 1-2 

r: . ó~: /l 
1;;;,; jf5Ci¡,c8f;;; i? 1 

l:i!~;..''<'d 
l''~icon:::ij 

IY< ¡,¡,¡pi:.:7J 

The working directory should have already been created in step 
1. 

4.7. Choose OK. The dialogue b:>x will close, and the 
new program item will appear in the group. 

5. Icon that represents the Ground Water for Windows 
application, or GWW program-item icon is as shown 
in Figure 1-3. 
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G round 'vi a ter 
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Figure 1-3 

INTRODUCfiON 

There is an extensive on-line help in GWW. Every major 
module has its own on-line help·system. Thus, in a sense, 
the help iscontext-sensitive. To findinformationinHelp, 
choose Contents from the Help menu. To search for spe
cific information, choose the Search button in the Help 
window. The Help part of the software has been written 
using .RTF (rich text format) files, together with the Wm
dows Help Compiler, which tums the .RTF files into a 
hypertext Help file, complete with contents page, hy
pertext links, and pop-up definitions. 

You can add you own comments and notes to a Help 
topic and view this information la ter. However, the gen
eral operation of the Wmdows user interface is described 
in your Windows documentation and will not be re
peated either in this manual or in the on-line Help. Your 
Windows documentation describes the general princi
pies, conventions and instructions of the interface such 
as operation of the pull down menus, selection of file 
names, operation of dialogue boxes, etc. Sorne of Wm
dows basics will be repeated in the following section. 

.Ys 
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l. The Parts of a Wmdow 

1his section describes the elements of a window. Each 
window contains the following elements (as shown in 
Figure 1-4): · = GV/W (c:\gwd\tesn .gww] ·:3:-ai PM'·} :· .. ~,:: r~~, 

. .,, .. ,, .. ,,' .. 
Qata é¡>plications Iools . _!;ustomization !:!elp 

- Figure 1-4 

-.-wmdow borders arethe four edges that define the 
· border of a window. 

• The title bar is the area directly below the window's 
top border. The title bar shows the name of the appli
cation, GWW, and the name of_your open data base. 

• The control-menu box, in the upper left comer of the · 
window, lets you move and size the window, close 
the window, or switch to another application. 

The menu bar contains GWW's menu names, such as·· 
Data, Applications, Tools, Customization, and Help in 
the example shown in Figure 1-4. When yo u click a menu 
name, a list of that menu's commands is displayed. Each 
application has different menus and menu commands. 
You may click a menu name, or use the keyboard press
ing first the ALT key followed by the case-sensitive un
derlined character. 

The mouse pointer (cursor) indicates where the mouse · · 
cursor is currently positioned on the screen. 

Maximize and minimize are sizing buttons. They are lo
cated in the upper right comer of the window and are 
used to maximize or minimize the window. The Maxi
mize button enlarges the window to fill the en tire screen, 
and the Minimize button reduces the window to an icon. 
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If the window is maximized, the Resto re button replaces 
the Maximize button. Restore restoies the window to its 
previous size and position. _ _ 

In most of the GWW windows/screens you will be able 
to size and resize the window. Agood practice is1:o maxi
mize the initial window-Uisplaying the main memr
(Data, Applications, Tools, ... , Help ). In sorne GWW 
graphics applications, you will be able to fit to window, 
that is to fill the whole window with the graphics. In 
other ap_plications, you will be able to use the command 
Display Full Form, which is opposite to the command 
Normal Display. Display full form command works as 
View page command in most other graphics programs 
(CorelDraw, Designer, etc.). --

2. Working with Icons 

Icons are visual representations of minimized windows, 
applications, or documents. 

To work with an icon, you expand it. Double-clicking on 
the icon will ea use the icen to become a window in which 
you may work. 

One of options to start the GWW program is from the 
DOS comman<i line typing the following command: 
WIN C:\GWW\GWW.EXE C:\GWD\DEMO.GWW. 
This command is interpreted in the following way: 

(a) Start Windows (Wm portien). 

(b) Activate the GWW program (C:\GWW\GWW.EXE 
portien). 

(e) Oper. the data base DEMO.GWW located in the direc-
- tory C: \GWD. 

As a shortcut, you may create a batch file, say GWW.bat, 
with the abo ve lineas the only line in it. By simply typing 
GWW you will initiate the program, both Windows and 
the GWW application. 

4-=l 
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Another option is to crea te GWW group, GWW program 
item, as explained in section 1.10. In the GWW group 
there will be the main GWW icon which is the executable 
icon for starting the GWW program. 

To activate the GWW program, you should double-dick 
on the GWW icon. With the--keyboard, use the arrow 
keys to select this icon, and then press ENTER. 

3. Workingwith Menus 

Immediately below an application window's title bar is 
a menu bar. The menu bar lists the names of one.or more 
menus. For example, in Wmdows, the Program Manager 
menu bar contaip§ the File, Options, Wmdow, and Help 
menus. The menu bar for the mapping app!ication in 
GWW contains the following menus on the menu bar: 
Map, Grid, Random, Area, Line, Text, and Help (see 
Figure 1-5). Additionally, the Random menu is also open .. 

~ew~tcrn~~~~-=~------------~ 
.Qid Random htodel 
~ave Random htodel 
Save Random htodel As 

Add Polnts to htap 
Add Labels to htap 
Add Valuesto htap 
Add to Legend 

' . Figure 1-5 

To· open a meri.u, follow these steps: 

(a) Click on the menu name, lf you are using a mouse. 

(b) Ifyou are not using a mouse, press Alt+X, where X is 
the key that represents the desired menu name. This 
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is the key which is equivalent to the underlined char
acter on the menu. 

To close a menu without selecting a command, click on a 
location outside of the menu, or press the Ese key. 

In sorne windows in GWW, such as creating and editing 
an entry data form, o:r: a reporting form, you may want 
to módily sorne of the attributes of a data field. For in· 
stance, you want to change the label or data font. lf you 
click inside a larger frame which contains several fields, 
the whole frame will be selected. This is not what you 
want.-You nee-d to click outside the frame, and then 
move the mouse pointer inside the data field you wish 
to modify. Click again and this field will become the ob· 
ject you workwi.th. 

4. Working with Dialogue Boxes. 

A dialogue box is a window that frequently provides in- · 
formation and always requests a user response. Figure 
1-6 shows a sample dialogue box for editing contours in 
GWW. Dialogue boxes use drop-down lists when there 
.!S not enough room for a list box. This is marked with a 

--·-- -- --------- --~-
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Figure 1-6 

single or double arrow indicating that there is more to 
come. For instance, clicking on 'Label Font' will open an
other dialogue box, ora drop-down list, with all fonts 
currently available to select from. 
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5. Scrolling for Information 

When an application -contains more information than 
can fit in a window, vertical and horizontal scroll bars 
appear along the window's right and bottom edges, as 
shown in Figure 1-7. Within the scroll bars, a scroll box 
moves to reflect your relative position within the docu-

" .. .. 
" '" " Cl 

"' " " " .. 
" ., ., .. .. .. . , 
" .. 
" "' 

.... 

Ell ~ 

" " " " " f1 ·--

" 

Master Data • 

Figure 1-7 

ment. In the data base shown in Figure 1-7, there are 86 
wells. The window cannot display all wells, and the ver
tical scroll bar serves to help you display more informa
tion. 

To move a short distance, click on the up and down or 
left and right arrows at each end of the scroll bar. To 
move up by approximately one screen, click on the ver
tical scroll bar above the scroll box. To move down by 
approximately one screen, click on the vertical scroll bar 
below the scroll box. 

so 



1.13. Warnings 

1-22 

CHAFrERl INTRODUCTION 

It is relatively easy to open the same data base more than 
once. If you reduce an application toan icon (by select
ing the minimize arrow button) or temporarily "loose" 
the GWW screen by clicking outside it and by retuming 
to the Program Manager's window, you may be tempted 

. _!o start the GWW program again by clicking on its icon. 
You may open another data base and have two bases 
concurrenly run-
ning, one in back
ground and another 
asan active applica
tion. However, if 
you decide to start 
the same data base 
which has not been 
closed, the GWW 
will display the er-

¡;¡¡¡¡ • ERROR! 

Can'! open "c:\bahrain\balirain.gww'' 
• File corrupted or stlllln use. 

ror message as Figurel-8 
shownm Figure 1.8. 
This will be a warning that yo u ha ve not closed the pre
vious data base. 

If, at any moment you do not see the GWW window, 
either its main oran application' s window, remember to 
invoke the Wmdows Task List. Task List is a window that 
displays a list of all the applications you are =rently 
running. You can use Task List to switch to another ap
plication. 

You have two ways to display Task List. The first way is 
to use the mouse and double-click on the desktop (that 
is, not inside an open window). The second way is to use 
keyboard and press CTRL+ESC key combination. 

Once in Task List, double-click the name of the applica
tion you wanno switch to. The case with Chemistry ap- . 
plication running in background is shown in Figure 1.9. 

S/ 
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Task List 

. Figure 1-9 

_ Try also not to close a GWW application by clicking on 
the Control menu box (a small diskette symbol in the up
per left comer of each window). Although it is intended 
to be used for switching tci. other applications, try to use 
the GWW way of closing an application, that is, use the 
Exit cornmand which is normally located at the bottom 
of the leftrnost menu option. 

If the Exit command in a GWW application does not 
close the application, use the combination ALT +F4 keys 
as shown in Figure 1-10. 

~elect Entry Fonn 

General D•UI !!nits 

General Data Std. ASCII Input 
General DaUI Std. ASCII .Qutput 

Print Setup 

Figure 1-10 

r.Pumping Rate 
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2.1. BASIC 
CONCEPTS OY" 

"GWWDATAAND -
FORMS STRUCTURE 

2.1.1. Objects In 
-- GWW 

2.1.2. Foreign 
Languages 
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The GWW data base is built of obje_cts. For the definition 
of an objeet see Chapter 1, Section 1.7. -

In GWW, each data field is an oUject. Thanks to this, you 
can c:reate your own entry and reporting forms, you can 
assign to the content of each field the label, label font; 
label color, field border, ánd field background color. You 
may fill the field with data and assign to the data the 
same kind of attributes such as font, color, and text align
ment, both ñorizontal and vertical. 

-
Each line area. ]jthologic crpss sectipn and map js an 
object. Lines, areas, grids, gridded models, well logs, 
chemical data, water level data, measurements during a 
pumping tests, and many more can be saved in an ASCn 
data file, with all, some or no attributes. 

You may use different languages in designing your entry 
and reporting forms. Most of the program-built mes
sages on the screen will be in English, but you will work 
more com.fortably using your own language in entry 
forms and creating reports in your language. For all pre
designed forms, su.:h as chemical retrieval diagrams 
(STIFF, Piper, etc.) or welllogs, you ha ve an opportunity 
to replace the defaultc with your own text. In the pre-re
lease beta tests, data bases have been created with fonts 
in Arabic, Hindi, Nepalese, and Cyrillic, in addition to 
English and Spanish. 



CHAPI'ER2 DATA BASE STRUCTURE 

2.1.3. GWW Forms GWW uses fcirrits to gather (input or entry forms), dis
play, calcula te, edit, and print (reporting forms) informa
tion. Severa! forms can be stacked into a GWW 
application. You may select one of the available forms, 
either a default fon:;t pre-programmed by the GWW pro
grammer, or a form created by you_: In Chapter Three_ 
yo u willleamhow to crea te such fonñS. GWW form out-
lines ar~ saved separately from the values they display. -

2-2 

To optimize disk space and to be able to share values 
with othgr applications, values are stored in data base 
tables or in exported ASCTI files. 

In most cases, forms can be either entry or reporting 
forms. Sorne reporting forms can apply toa sirigle analy
sis, such as to one STIFF diagram (in the Chemistry ap
plication) with associated parameters defining one 
single sample. They may also report informatiqn from 
more than one sample, such as Piper Diagram, Wilcox, 
and Schoeller dia~ams in the Chemistry application. 

Program-sy¡¡p!jed GWW supplies an entry form in each application only 
Default Forros"=wflen you make a change in the data structure. That isif 

you add a new data fielclor edit an existing one and use 
the button OK to save the change, GWW will interpret 
this as a change which requires a new entry form. The 
program-supplied entry form willlist all data fields that 
currently make the data structure for an application. 

Standard Forros Standard Form5 are the forms selected by you to be 
standard for a particular data base. The program comes 
with standard (default) forms for each category of entry 
and reporting. You may override the defaults and create 
your own standard f()rms, associated with the data base 
of which they become a part. After creating a form, you 
should save it using interna! data base name 'Standard'. 
Yo_"~:!_ may also save the form as an ASCIT file on the disk 
and edit it later if you wish so. 

Entzy Forros Entry Forms can be either standard (default), which are 
built into the program, or created by you as explained 
above. Entry Forms can be custom created; you can add 
sorne parameters, use language other than English.c 

-~-

.55 
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change label fonts, colors, or alignmerits, and many 
more. You may have more than one entry form for each 
major application group. 

-se¡:>ciiliag--fonns Reporting Forms can also be standard (default), one for 

.. 2.1.4. Relational Data 
Base 

2.1.5. Data Base 

2.1.6. File 
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~ each category of reporting, either taken as the forms that 
are supplied with the package or modified to customize 
the need of a project. Reporting Forms can also be cre
ated under different names for different reporting needs. 
Nonstandcu:ci forms are used to report mixed graphics, 
say a well log and a chemical diagram on the same re
porting form. Nonstandard forms are created using a 
spedal option on the Reporting Fo~rms Editor .. 

The GWW data base is a relational data base. "Rela
tional" in this context implies that the application will 
find all information needed no matter wJ:tere it is input 
or stored. In this way any information is typed onl y once. 
For examp!e, X and Y coordina tes are required in most 
applications, but normally you will type this informa
tion only in Master Data Entry Form. Or, if you import 
a hydrograph data file ora lithological ctata file created 
by the version one of the United Nations software (GWS 
or GW6 modules), which is a non-Windows application, 
X and Y coordinates and ground surface elevations will 
automatically become a part of the master data base. 

Data Base is a general term which applies to the collec
tion of program forms, both entry and reporting, includ
ing default and user-created; data; maps; and drawings. 
The name of the data base currently in use is displayed 
in the title line. The maps either imported as .dxf files or 
created by you are also an integral part of the data base 

. (unless you forget to save them!). Interna! files, which 
control the data file structure, forms, t:lbl.:~, etc., are also 
a part of the data base. ASCII files are not a part of the 
data base. 

A file can be a data file, either ASCII or binary, or an in
terna! fil~ GWW interna! files are created by the pro
gram or by the user. These are not DOS files but they 
are integral parts of the GWW data base. You can crea te, 
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2.1.8. Field Types 

2.1.9. Text Field 
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edit, save, or delete most of them. For example, you may 
crea te and edit various text thaf will enhance a map. You 
may save this text object as an intemal file, assigning to 
this a name. However, unless you-save.íhis text asan 
ASCIT output file you may not view or edit the text out
side the GWW program. You may edit this text inside the 
GWW program proviqed you have associated a name 
with thetext. -

Data, Text and Drawings fields are three types of fields 
that make a reporting form. A form is equivalent to a 
page. E.g., a STIFF diagram reporting form may contain 

=a frame-with the STIFFdiagram, sorne text field identi
fying the project, plus data fields with constituents in 
mg/1 or epm, or both. There may be another drawing on 
the same page'(form) with a map showing location of the 
sampling point. 

There are two types of fields on entry forms in the GWW 
system: 

• text 

• data 

There are four types of fields on reporting forms in the 
GWWsystem: 

• text 

• data 

• drawing 

• column (for reporting on more than one well) 

This is a constant-content field with sorne predefined 
textual content. This text will always be displayed when
ever the form, whether entry or reporting, is selected. 
This field is used for headings, textual comments, expla
nations and the like. A special form of a text field is-the 
Header. It has sorne default values which are selected 
when the field is created using the Form Editor. 

5+ 
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2.1.11. Data Field 

2.1.12. Data Field 
Attributes 
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Text Field attributes are: 

• FieldName 

• Border 

·• Background 

• Field Label (text typed in the field) 

• LabelFont 

• Label Color 

• Label Alignment 

Data Field contains numen cal or textual ( character) data. 
An entry in a data field must conform ,to one of these 
data types: 

• well identification (a unique data type which is used 
to relate various parts of the aata base to the same 
well or sample); 

• character (alphanumeric string); 

• "integer; 

• floating point number, dimensioned; 

• floating point number, nondimensioned; 

• date; and 

• time. 

When a data field is identified as containing information 
which is a real number, and the type of data is selected 

· as 'dimensioned,' the user will be prompted to associate 
one of the available units with this data field. 

Data Field has all the properties (attributes) of a text field 
plus attributes fot data: 

• DataFont 

• Data Color 

58 



2.1.13. Drawing Field 

2.1.14. Column Field= 

2.1.15. Field Name 
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• Data Alignment (vertical and horiZontal) 

Drawing Field contains a d.rawing. Since a "Drawing" 
field may have a title or a text, this field has the same 
attributes as a text field. Only report forms may contain 
a drawing field. Areporting form may contain more than 
one d.rawing field. An individual water sample can be 
presented as a SIIFF diagram, with its location on an- __ _ 
other drawing which could be a location map. Both 
maps, plus much of other textual or numeric information 
can be reported on the same page. 

Column Field is a column. Several columns make atable. 
Only report forms may contain a column field. Label at
tributes are actually attributes for a table header. 

Fi.eld name is a text string which uniquely identifies an 
entry field. It is important when creating a reporting 
form to use the exact text string that had been defined in 
data stwcture and in entry forms. For example, if in the "" 
chemistry entry form the field that will input the alkalin-
ity values of a water sample is typed as Alkalinity, the r 

Field N ame in the reporting form must be typed exactly 
the same (case-sensitive, number of characters or blank 
spaces, etc.). Nothing will happen if you mistype one or 
more field names in a reporting form. These fields will 

_. remain blank in the report since the program will find 
nothing to assodate the fields with. 

NOTE. Do not forget the special role af data jield names: these 
must be uniquely defined, case-sensitive typed as declared in 
entry/reporting forms. This is the only way that the program 
will know what to type and where. Form Editor will automat
ically write these names. You should not try to modify them. 

Sorne field names are proteded! The protection implies that 
you should not try to modify these field names. If you do, 
GWW will not be able to use them in sorne calculations, draw
ings, or for creating graphics. The protecte~field names are: X, 
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2.1.17. Background 

2.1.18. Field Label 

2.1.19. Label Font 
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Y, Z, ZM in master data structure, all majar. catians and ani
ons in chemical data structure, the entries Cations, Anions, 
SAR, EPM in chemical data structure, most of pumping test 

-jield names in pumping test data structure, SWL in welllog 
data structure, all step-drawdown field names in step-dr(ZW
down dllta structure, and all fie_ld names in hydrographs data 
structure. You m.ay add newfields with their own field names, 
but do not attempt to change the existing field names if you 
susped thiit GWW m.ay need them for a calculation or graphi
cal display. 

Border includes the solid frame around a field and the 
shadowing of the field, both defined py yo u. Borders can 
be tl.rln or thick, as specified by you; they may include 
full frame or just one of the four lines (left, right, top, 
bottom). Shadowing can be thinner (numbers 1 or 2) or 
thicker (number5~ and 4):-you may type a text or an in
formation without any line defining its frame. Set Frame 
in Border attribute to None. 

Background refers to the color selected by you to paint a 
field. The whole color palette provided by Windows is 
available. Each field can be painted. 

Field label refers to the texttyped to identify a field. Here 
is the possibility to usé languages other than English. Al
though a field may be identified with Field N ame, say 
Conductivity, which should not be changed if yo u wish 
GWW to use it to_produce a WJ..lcox diagram, e.g., the 
field label may be typed in Spanish as Conductividad. 
Unless you change it, the field label will be identical to 
the Field N ame selected in creating a form. 

You selecta Label font. Whatever comes with Wmdows . 
can be used. The selection is standard-as explained in the 
Wmdows manual; you select the font, the size (points), 
and style such as bold, normal or italic. You may clown
load· additional fonts, which are not provided by Wm
dows. One of fonts could be Cyrillic, with.which you 
may crea te your groundwater data bases inRussian, Bul
garian, or Serbian. Yo u may use an Arabic font to create 
data bases in Arabic (hopefully, by correctly assuming 

60 
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the direction of writing words). Today you have a myr
iad of font offerings. 

You may also select Label color. Ea eh and every label can 
be colored differently. You may select the color by sliding 

.. · the three slides (R for red, G for green, B for blue) in the 
appropriate_dialog box, or by directly selecting a color 
from the palette. 

Label Alignment is used to align the label either as left or 
right aligned or centered. The label can be placed on top, 
center or bottom of the field. 1bis is called horizontal or 

cYertical alignment, respectively.·You may also use vari
ous offset options . 

Prior to starting to work with a groundwater data base 
using GWW, you must create a data base structure for 
your new data base. The term structure in this context 
means the following: 

(a) a unique definition (name, title) for each data item; 

(b) the length of ea eh data field (number of characters or 
numericals); 

(e) data type; 

(d) if data type i;;a dimensioned numerical, such as the 
ground surface elevation Z, there is a distinction be
tween numerkaJ.:. with fixed or floating point; if it is 
with fixed points, then you must assign the number 
of digits after the point; and 

(e) unit selection for the data. 

b'l 



1 Field N ame 
Wellldent 
Desaiption 
District 
Locality 
Owner 
X 
y 
z 
Zm 
Map Sheet No. 
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Field Lenp 
10 
50 
15 
15 
15 
10 
10 
10 
10 
10 
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The defawt data. siructures are built into the data base 
template, GWW.OOO. When you start a new data base this 
file will provide all necessary structures, same as stand-__ 
ard data entry and reporting forms .. You will ha ve a 
chance to modify these to better suityour requirements. 
You willlearn todo it inExample l. 

NOTE. You_r jirst step in creJZting a new data base will be to 
modify the default data structure jor one or more applications. 
For example, GWW does not knaw which stratigraphic units 
you wish to define and_ that you wish to keep in the data base 
the elevations of their.tops or bottoms. If you do not enter ele
viition data on positions of stratigraphic units you cannot ere
ate con tour maps for such data, nor you can draw stratigraphic 
lines of lithostrat.igmphic cross sedions. 

One example is provided in the following table for the 
Master Pata Structure file. All file structures are repro
ducedinAppendixA 

FieldTXf!e 
Well 
Char 
Char 
Char 
Char 
Num(Diri¡) 
Num(Dirn) 
Num(Dirn) 
Num(Dirn) 
Char 

Format 

Fixe.<L. 
Fixed 
Fixed 
Fixed 

No.dec.di¡pts Unitsvmbol 

2 m 
2 m 
2 m 
2 m 

In simple terms, the data base structure is the list of data 
entries that you wish to ha ve in your data base. You can 
crea te these lists independently for each of the following 
applica.t!_onS: · 

• Master data 

• Chemistry - samples 

• Chemistry: concentration-depth series 

• Chemistry: concentration-time series 

6l . 
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• Pumping-tests 

• Hydrographs 

• Uthology /welllogs 

• Step drawdown tests 

• Grain size distribution curves, and 

• User-defined applications. 

Normally;you should observe the following: 

(1) Each application structure must start with the well 
identification. Thisitem uniquely'definE)s a well o:Eoa 
sample. The information related to this well or sam
ple wi11 be linked to any application which needs to 
use it (display or report). 

(2) You must not repeat information _which is already 
contained elsewhere in an applicafion. E.g., if X and 
Y coordinates are a part of the Masteuiata structure, 
they must not be selected in any other application: 
chemistry, hydrographs, welllogs, pumping tests, 
grain size curves, and/ or step drawdown tests. They 
may appear on the entry form for welllogs, but when 
you type the well identification of a well which was 
already input using one of the Master entry forms, 
this information wi11 be automatically copied from 
the data base into your welllog entryform. However, 
be careful: the information will be copied only if the 
field name on both forros is absolutely identical. in
cluding its case. For instance, this means that you 
cannot expect the program to find the information 
for the X coordina te if this enl:ry is defined as X in the 
Master data entry file, and as Easting in the Chemis
try data entry file. Of course, this applies to the field 
name:; and not to field labels. 

\ 

This will become more clear when we work with sorne 
examples. 

The data base structure yo u select for your new data base 
becomes its integral part. All changes, editions, modifi
cations, and assigning new internal file names to various 
data structure files will apply only to your currently 
open data base. In other words, all the changes that you 
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2.3.1. Gettüng 
Started 
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make while working in a data base will be saved only in 
that data base, not in the template GWW.OOO: 

-NO~. You 711ily, of course, make your changes in a data base 
to which you assign another name, and then copy your data 
base ínto GWW.OOO. In thís way, next time you wísh to create 
a izew data base your own versíon of the template will be read 
as the standard! Thís 71lllY be one of your first steps in creatíng 
a template GWW.OOO as a country or project specific default. 

_ You maya/so add sqrjze basíc maps to your base template. 

Also you z:¡1ay save your data base structure for each ap
plicati.on asan ASCll file, and use it for another data base 
to override the default. 

An data base defaul.t file structures whiclÍ. are prepared 
-tor you as a default are list~d in Appendix B. The Master 

data file structure is already displayed above. 

If yo u ha ve created the GWW group and GWW program 
item properti.es, as suggested in Chapter 1, Section 1.10., 
you may start tb:~ G!NW program by double clicking on 
the GWW icon: The initi.al screen as shown in Figure 2-1 
will appear displaying the United Nati.ons logo and the 
menu bar with Data, Applicati.on, Tools, Cústomization, 
and Help menus: Normally, when you start GWW for
the first time you will noti.ce the title GWW[;] in the title 
bar. This reminds you that you have not yet opened a 
data base. (In a repeated work, the last opened data base 

_] 
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Figure 2-1 

will be automatically selected.) The information on what 
you worked with the last time you opened GWW is 
saved in the file GWW.INI which is located in the 
C: \ WINDOWS directory. 

To start the creation of a data base you must select DATA 
from the main menu, followed by New Data Base. 

l. Select Data from the m en u bar. The display is as shown 
in Figure 2-2. 

2. Select New GWW Data Base to crea te a new data base. 
The dialogue box as shown in Figure 2-3 will then be 
displayed. 

3. Type the new name for your data base. Type Exam
ple.gww. Use the extension .gww for your conven
ience. GWW offers you a list of available files with 
extension .gww. 
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Figure2-2 

Open GW\V Data Base 

Data Base Name 

Alename: 

Directory: C:\GWD 

Al es: 

test.gww 
testl.gww 

Diredories: 

Figure2-3 

NOTE. Be careful when prompted for a data base name. If you 
seled option New GWW Data Base and give a name of an 
eiisting data base, all file structure, input and output forms, 
data base content, and all objects that make this data base will 
be erased. You will start from a brand new data base using the 
default template GWW.OOO. However, the program will wam 
you and stop you from accidentally erasing an existing data 
base. 

At this moment the GWW program will rea din the tem
pla te data base structure, GWW.OOO, anC: use it as the 
starting point for .your new data base. You willlearn to 
modify sorne of default data structures in the section 
which·follows. 

{6 
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Existing Data 
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NOTE. RemeTnber again that you may customize the template 
GWW.OOO and use it repeatedlywith data structure, and vari
ous forms set up to 11lllke your work tailored to your needs._ 

For each of the major applications, the GWW package 
already contai.ns a preprogrammed standard data file 
structure. The list of data base constituents is shown in 
Section T-2.1. fox;Jhe master data, and in Appendix B for 
chemistry, hyctrographs, lithology, pumping tests, step 
drawdowntests, and grain size distribution curves. 

To modify an existing data structure file you should fol
low this sequence of operations: 

. ' 

l. Select Tools from,the menu bar. The menu as shown 
in Figure 2-4 opens. 

Data f.ntry Forms Editor 
Beport Fonns Editor 

Figure 2-4 

2. Select Data Structure Design. Wait until the menu bar 
displays two options: File_and.Help. You are advised 
to explore the Help menu. This Help is dedicated to 
the File Structure Design editor. . . 

3.-Click on File. The menu opens as shown in Figure 2-5. 
Yo u will notice the following options: Old, New User 
File, Old User File, Exit, Crea te Structure From STD 
ASCll, and Write Structure to STD ASCll. STD is 
short for Standard. Forget for the time "U ser Files." 



2-15 -

CHAPI'ER2 DATA BASE STRUCTURE 

Figure2-5 

4. Select Old. The dialogue box as -shown in Figure 2-6 is 
displayed. The box is titled "Select an Existing File" 
and lists al! pre-programmed structure files for all 
applications. 

ChcmCondlepth 
ChemConcTime 
Chem_Conc_Dep1h_ Tab 
Chem_Canc_nme_TBb 
Chemistry 
Chemi""Y''I'M 
GralnSizeCurve 
HGWL 
Hydn~graphs 
Uthology 
Mas1er0ata 

Figure2-6 

5. Select with the mouse the application you wish to 
· · modify and either double-click the mouse or click it 

once and press ENTER 

6. H you have selected the 'MasterData' file (data struc
ture for master data application), the screen will dis
play the dialogue box as shown in Figure 2-7. You 
may~otice the list of data items, their types, length, 
number of decimal points, and eventually units. The 
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~----= 
iiiiii - . • . · rn< ~"""'"'e ~ 

Dota ltems 

De:scrlptlOD. 
Distr1ct 
l.ocahty 
Ovnsr 
X 
y 

50 
20 
20 
20 
10 
10 

--10 
Zl! 10 
~ap Sheet He. 10 
Year of Constructic=lO 

Cbar 
Cbar 
Cbar 
Cbar 
Nua(D1a) FiBed 2 a 
Hua{Dla) F1zed 2 a 
Hua(Dla) F1zed 2 a 
Nua(D1a) F1zed 2 a 
Cbar 
Cbar 

Figure2-7 

box will contain severa! buttons the role of which is_
clear: New, Edit, Delete, OK, Cancel. 

NOTE. Remember that these files are not ASCII files, but in
terna[ files associated with the data base that you have apened. 
Any modijication will be kept internally and will affed only 
the data base currently in use. -

As an example, we will modify the existing data struc· 
ture file for chemistry. Our task will be the following: 

(1) Accept all data base items that are offered by default, 
except fluorine. 

(2) Add tpluene with minimum content of 0.001 ppm 
and benzene with minimum content of 0.01 ppm. 

(3) Reduce the number of decimal digits for chlorine 
from 2 to l. 

(4) Rename Well Ident with Well Number. 

.-
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(5) Rename Conductivity with its Spanish equivalent, . 
. Conductividad. (This is to demonstrat_e language

versatility of the software. However, notice that the . 
word Conductivity is used by GWW to create the 
Wilcox diagram. When you change it, the diagram 
will not be created.) 

You should follow the procedure as explained below. 

1. Select Tools from the menu bar. 

2. Select Data Structure Desigri. 

3. Click on File. 

4. Select Old. The dialogue box as shown in Figure 2-6 is 
l:iisplayed. Notice Select an Existing File in the title 
bar. 

S. Click on Chemistry. Irwill be highlighted, and the 
name Chemistry typed on the coirunand line, as 
shown in Figure 2-8. Press Enter, or click_on the com-

Entcr Ale Name 

\chemistry 

Figure2-8 

IL'D,oK: 1 
l!.{c~á;t., 1 

1 ¡~'h:;;.~c '1 
.~ ... v~~~ ..... 

mand line, or click on OK. One portien of the chem
istry data structure file will be displayed as shown in 
Figure 2-9. 
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Fi 1 e Structure 

lO Fixed 2 
lO Fized 2 
lO Fixed 2 
lO F1xed 2 
lO F1xed 2 
lO Fixed 2 
lO •• -., __ , Fixed 2 
lO Fixed 2 
10· Fixed 2 
lO · .,_., __ , Fixed 2 
lO F1xed 2 
lO Fixed 2 

Figure2-9 

6. Find fluorine and click the mouse on its line. Fluorine 
is ruglilighted. Click on Delete button at the bottom -
of the screen. Fluorine disappears from the list of 
constituents. 

7. Click on the New button. The familiar dialogue box 
with New Field in the title bar is displayed. Type the 
word Toluene and either press Enter or the Tab key 
to move to the next line, Field Length. 

NOTE. Remember that you must termínate the input by either 
pressing OK or using the Tab key. Whatever you typed will not 
be saved if you termínate the input by pointing the mouse to 
and clicking in another field. Tñis applies equally to data in
put, data editing, creating data fonns, and creating data struc
ture files. It is one r/ ti;,e majar conventions of data input using 
Windows. 

Anticípate the mínimum toluene content of 0.001 ppm 
and maximum ·of 99. Replace the default field length of 
10 with 6. Click on Numeric. Do not use Numeric(Dim) 
since the chenúcal data default is equivalents per mil
lions (epm), or parts per million (ppm), depending on 

11 

,.-
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which option you have selected when starting the input. 
Yo u may always switch between epm and ppm. Replace 
the default number of decimal cligits (2) with number 3. 

·-Gick on OK. Notice that Toluene has been added to list 
of constituents on the last line. --

8. Do the same for benzene...CIR:Kon New, type Benzene 
for Field Name, 6 for Field Length. Select Numerical 
for Data Type, and change 2 with 3 for Number of 
Decimal Digits. Click on OK. 

9. Highlight--CI. Clifk on Edit button. Click on OK. Re
place 2 with 1 in the number of ded.mal cligits field. 
ClickonOK. 

-
10. Highlight Well ldent and click on Edit button. Re

place the word ldent with the word Number. Press 
--ERter or use the Tab key. Click on OK. 

NOTE. Tñe Well Ident is ll special field, the ntlme of which is 
used by the program to conned different parts of the data base. 
ACtwdly, this entry is used to cretZte a relati01Ull data base. You 
will notice that 'Well' is one of the data types, in addition to 
charac:ter, numeric (nondimensioned), numeric (dimen
sioned), data, time, and comment (see Figure 2-7). If you 
change the well identification in the chemistry data structúre 
file, you must do the same in all other data structure files. Be . 

_ very careful and ensure that you have done this in an abso
Iutely identical way. 

11. Highlight the line Conductivity. Click on Edit. Re
place the word Conductivity with Conductividad. 
Click on OK. The final display at the end of this ex
erd.se looks as shown in Figure 2-10 (upper part), and 
Figure 2-11 (lower part). 

12. Click on OK. You will be back in the File menu. The 
chan"g'es·'are automatically recorded in your data 
base. 

13. Clickon Exit, then cm Data, and Exit again. This will 
termínate the·modification to your chemistry data 
structure file for the data base =rently selected(Ex
ample.gww). Remember, what you do in this exam
ple affects only your currently opened data base! You 

1l 
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_ , File Slruclurc 

Data ltems 

Figure2-10 

......... 2 
Fixed 2 
Fixed 2 
Fixed 2 
Fixed 2 
Fixed 2 
Fixed 2 
Fixed 2 
Fixed 1 
Fixed 2 
Fixed 2 
Fixed 2 

- FileStructure -. -~ 

Data ltems 

P04 lO NWII.(Und) F1xed 2 ~ B 10 NWII.(Und) Fixed 2 
Si02 10 NWII.(Und) Fixed 2 :::S' 
TDS 10 NWII.(Und) Fixed 2 -
Hardness lO NWD.(Und) Fixed 2 :i~-
Alkalinity lO NWD.(Und) Fixed 2 -:::::; 

~··-'·· :: 
Conductividad 10 NUlll(Und) F1xed 2 :~::-~ 

pH 10 NUlll(Und) Fixed 2 ~E~:;: 

Cations 8 NUlll(Und) Fixed 2 
.:: 

_,:::;::. 

A.nions 8 NWII.(Und) Fixed 2 ': 
·=St. SAR 8 NWD.(Und) Fixed 4 :::-::: 

BalErr 8 NUlll(Und) Fixed 2 ~! Toluene 6 NWII.(Und) Fixed 3 
Benzene 6 NWII.(Und) F1xed 3 F¡. 
"~ 

~~ . ~ 
~- ' ~ -~ ~ - .... 

Figure2-11 

stili have the template, GWW.OOO, intact, in the case 
yo u want to go back and start from the default. 

--

--~ --

13 



2.4. FURTHER 
OPTIONS ON DATA 

STRUCTURE FILE 
. MENU 

2.4.1. Writing Data 
· · Structure to 
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NOTE. Remember the Windows way af exiting an application: 
ALT +F4. Or, click on Data, and then on Exit. Sometimes you 
may experience a problem in attempting to exit using the op-

. tions on the menu: Data and Exit. If this becomes a case, use __ _ 
the combinatioií af keys ALT and F4. 

1bis terminates our example number one: 

Standard ASCII 
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Files You may save a data structure file as an ASCII file. 'fhis 
option will become available only after you select an ex
isting data file striú:ture. Suppose you wish to delete 

·- N02 from the list of items in the chemistry part of the 
data base structure, and save the new data structure un
der the name chem.str. The procedure talollow is: 

l. Select Tools from the main menu. 

2. Select File Structure Design. 

3. Select File. 

4. Select Old. 

5. Double click on Chemistry. 

6. Move the cursor down to N02 and click on the Delete 
button. The screen display is as sh&wn in Figure 2-12. 

7. Select OK. 

8. Notice that the title bar displays File Structure Editor 
(Cheínistry). Se'<>ct File again. Select Write Structure 
toSTDASO •. 

9. Type Chem.str when prompted for the file name. The 
display looks is as shown in Figure 2-13. The file 
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Figurel-12 

Alename: Ll""_•_m_.str ____ ....J¡· lrYoeé;(f 
Dlredory. C:\GWD jf&~eef'j 

Ales: Dlrectortes: 

Figure 2-lir 

Chem.str will be a regular (standard) ASCII file, 
which you may edit using any text editor. 

At this moment you have created an ASCII file, which 
will be stored in your current or work.ing directory, and 
you have also modified your data base intemally. 
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2.4.2. Creating Data 
Structure from 
Standard ASCII 
Files 
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-You may also importan ASCll data structurefile and re
place your standard file with the new file. For example, 
if yo u wish to replace [in another data base] the standard 
chemistry data structure file (built into the template 
GWW.OOO}with the file you have just created, Chem.str, 

·· proceed as follows: 

l. Select Tools from the main menu. 

2. Select FUe Structure Design. 

3. Select File. 

-4. Select Old. , 

_5. Select Chemistry to let the program know that you 
wish to replace the Cheinistry data structure. 

6. Click on OK Thls brings you back to the File sub
menu. Notice that the window is identified with File 
Structure Editor (Chemistry). 

7. Select ñre again. Select Create Structure from STD 
ASCII. 

8. Select one of file names from the dialogue box.In your 
case there will be only one file name, Chem.str, as 
shown in Figure 2-14~ 

~-------------

- Creatr. fde Strur.ture From A::;cu 

Filenome: IL..m_e_m._...-___ .-JI friii::'/1 
Direc:tory. C~GWD j;'~f:J 

Ales: Dlredories: 

chr.:m.slr 

Figure2-14 
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9. Check its content, edit it if you wish to, and exit by 
clicking on O K. To see so me options in the editing of 
data structure we will add Zinc content to the list. 

10. With the data fields listed, as shown in Figure 2-12, 
click on New button and type Zinc for field name. 
The dialogue box is a§ shown in Figure 2-15. Click on 

Aeld Name: jZinc 

Aeld l.e'-n-gth~: ,...,,-0--r--' 
1~.-----------------, 
O Wellldent 
O Character 

@;NumeriC: 

O Numeric (Dim) 
Ooate ~ 
Onme 

Figure 2-15 

Numeric box. Remember that the concentration of a 
chemical constituent is a nondimensioned numerical 
value. After you click on OK the dialogue box as 
shown in Figure 2-16 is displayed. 

Field Name: Zinc 

Number of Declmai(Sign.) Digits: ltJ 
Formal----------------, 

® FD<ed Point 

O Exponen! 

O Aoating Point 

Figure 2-16 
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11. Notice different options for the data format floating 
point, exponential, and fixed point.-As an example, 
the number 25 will be typed as 25.00 if the fixed point 
format with two decimal digits is selected, or as 25 if 
the floating point format is selected. It will be typed 

.. as 2.5E+Ol with the exponential format. . 

12. Oick on OK to termiñate this opera !ion, then again 
on OK to· el ose the data structure editing dialogue. 

13. Select EXit to-retum to the main menu. 

14. Select Data and exit again to leave the GWW pro
gram. 

SUMMARY OF TIITS -
·CHAPTER 
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When you open a new data base the default data file 
structure as contained in the \GWW program directory 
under the templa te file GWW.OOO is used. Whether you 
modify a-parameter or not, this data file structure be
comes assodated with the data base name you gave to 
the base. When you open this data base next time, the 
program does not read the default structures from the 
\GWW directory but uses its interna! data file structure. 

You may replace the standard data file structure by 
either ectiting one or more of the data structure files, or 
by reading an input ASCII data structure file. When you 
read an ASCII file and save it, it replaces whatever was 
before declared as data file structure. 

You may modify the data file structure in an existing 
data base with or without data typed in. GWW will first 
copy your data into an iternal backup file, so that you 
will not loose data. However, it is advisable to first copy 
al! information in ASCII files using the option Standard 
ASCII Output that is available in every application. 
Once you have modified your data file structure, you 
may reaothese ASCII files if you did loose acddentally 

. 

'JO 
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some· data because you modified either field name or 
any other attribute. 

Remember, at the end, that an data processing and data 
management that follows is related to what yo u ha ve de
clared in the data structure interna! files. You will be able 
to come again to this=m:ility even if you have created a
data base and typed data in. A careful planning of your 
intended data input and the ways in wlúch the data will 
be reported, displayed or presented, reduces greatly the 
risk of loosing data or wasting the time searching for in
consistendes. ·= 

=-=- ~= 

:= -- .-
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3.1. CONCEFI' OF 
FORMS 

3.1.1; General 

3-1 

This chapter introduces the Fonn Tool. It is located on the 
main menu bar, Tools, as a submenu under two names: 
Data Entry Fonns Editor and Report Fonn Editor. You will 
use one or the other depending on whether you wish to 
create and/ or edit data entry forms or data reporting 
forms. The emphasis of this chapter is on creating your -
ownforms. 

There are two major group of forms: data entry form and 
report form. -

Data entry form editor is activated as follows: 

l. Select Tools from the main menu bar (see Figure 2-4). 

2. Select Data Entry Fonns Editor. 

3. Select an application for which you wish to change or 
create an entry form. · 

Data reporting form editor is activated as follows: 

l. Select Tools from the main menu bar (see Figure 2-4). 

2. Select Report Forms Editor. 

3. Select an application for which you wish to change or 
crea te a reporting form. N atice that the menu contin· 
ues prompting you to choose between a single record 
or a table or group record. 

4. Select single or table (general data) report (see Figure 
3-1). 

The single report· form refers to an individual well or 
sample. Table report form refers to tabulated· data from 
more thaif one well or sample.However, in the pumping 
test application, there can be a table of pumping test 

JJO' 
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~1nqle Hecord t O'IT! ~t:llloq 

Figun3-1 

o=measurements (time, drawdown, pumping rates) for 
one single well, as well,as atable with pumping test re
sults (transmissivity, storage coefficients, etc.) for many 
wells. The fiiSt Will belong to the group of single reports,: 
and the second to the ~oup of table reports. 

Since the GWW package treats data as objects, you can 
place objects on a form, whether entry or reporting, ac
cording to your own design, or yo u can use predesigned 
forms. The predesigned forms are built into the data base 
template, GWW.OOO. These are intemal files, which you 
can retrive (using option Old in the sequence Tools/Data 
Entry Forms Editor/Form/Old) and modify. You may 
a1so copy them to stapdard ASCIT files and save them on 
the disk. 

Once saved, you may edit them with a text processor, 
and read them into the new data base. 

The master data entry form from the GWW.OOO template 
is reproduced in Appendix C. This master data entry 
form, when activated by the GWW program, displays 
the screen as sl'rJY<'Il in Figure 3-2. 

The Form Editor splits the screen into two windows: list
of-fields window on the left and form-editing window to 
the right. In the left window, fields that can be selected . 
for the form are listed. The left window has one, two or 
three parts, vertically split, depending on the kind of 
form selected: 

., 
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• single fields (with a list of all single fields) 

• colUIIUlS (with a list of column fields, which make a 
table) 

• drawings (with a list of drawing fields, such as a 
STIFF diagram, a hydrograph, welllog, etc.) 

r .. , ... t u;t .. , 'fu-:'#'M 

.. ': 

l.m»l. 

x.y 1rnm1 

.. : 

Figure3-2 

The Form Editor reads field names from interna] data 
structure files which are a part of éither the GWW.OOO 
template for a new data base or your own data base. For 
example, if you open a chemical entry form for an indi
vidual sample, the list of data items the will be displayed 
on the left Wi.llbe él.irectly copied fróm the chemistry data 
structure file, plus the items from the master data struc
ture file. ·;. 

You may select ari existing form or create a new one by 
clicking on Form on the Menu bar (or by typing ALT F). 
The following options are offered: 
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• New 

• Old 

• Save · 

• SaveAs ·-

• OearForm 

• Standard ASOI Input 

-. Standard ASOI Output 

• Print 

• Exit 

FORMS 

You will select New if you wish to crea te a new form. If 
you wish to use one of existing forms (old forms) you 
will select Old. In this case a dialogue box will open of
iering you a list of existing forms. 

Any form that you select or create can be saved as an , 
ASCTI1lle if you select the option Standard ASOI Out
pul You may also read an existing ASen form file by 
selecting the option Standard ASOI Input. You may 
print any form that is currently displayed and used by 
selecting the option Prinl If you use a color printer the 
fields, labels, or headers may be printed in colors. 

The content of "Single Fields," "Columns," and ''Draw
ings" listings depends on the type of form and applica
tion for which the form is intended. The form is created 
by selecting one or more nontextual fields, columns, 
and/or cJ.ra~gs. Textual fields ar<: se!.ected or created 
from the next entry on the menu bar, New Field. When 
the Form Editor is activated, a list with all possible fields 
from this and the Master Data application is automat
ically created depending on the.application and the type 
ofform. 
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Ea eh of the mainmodules has its own Stéll\dard form pre
designed by the programmer. For the master data entry 
form, for instance, the data item name such as X and Y 

-has been replaced in the entry form with the words East
ing and Northing. The ground surface elevation -d¡¡ta 
fi.eld, labeled as Z in the data structure file, is labeled as 
Ground Surf Elev in the-entry form. You may modify 
this, and save the modified data entry formas standard, 
or under a different name. Again, you may use your own 
language, provided you ha ve font types, and crea te yo_ur 
entry form in a language other than English. 

Examples of standard data entry forms are shown in Fig
ure 3,-3 for chemistry, ana í.ri Figure 3-4 for well construc-

Figure3-3 

tion and lithology. 
-

One example of a '.'foreign" language data el).try form for 
master data is sllC~;rn in Figure 3-5. It is created using 
Serbian language and Latin font. On the left, the list of 
data items is writte'1. in English, but it could have been 
created in Serbian.as well, using Data Structure Design 
option. ltems could have also been written using official 
Serbian alphabet with Cyrillic characters. 

e-4 

1 
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Figure3-4 
: 

Do not forgetihe difference between a Field N ame assigned by 
you in a Data Structure File using the data structure file editor 
(see Chapter Two, section 2.3.2.) and Field Label used in the 
Form Editor. The first cannot be changed. It uniquely defines 
an ítem ora piece of information. It is the basis of a data base. 
You use these field names to create your forms. Once seleded 
to be placed on a form, each field liilid cim be replaced by an--

1 ' ~ flBZfl podsmlra Dnnno 1 
~~u.. 11,... ..... "~ 1 ·' - 1 " 

"""""" - 1 .. 

.... - l vm. ._.._,. ! a:.,~o~-....1,.,; ' 1 
l ........... 1 

l &..Y-- CIKIW r 
,..., ....... 

1 1 

1 
Tl&D u 1.11. -,Jt ol tllt UtA t.. g,.. .. d WIUt. !ioedl...- _._ 1 

. 

' 
• 

"""'~~~ • ...._,.;;.¡. .... ··-~-;;. • ..:.~.::.:-l<....<::..:"-.:. ""'-0:.:. .. 

Figure3-5 
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Reporting 
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3.3.2. Single Reeord 
Forms 
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other rtll1TU!, text, iJr funt. Look at Figure 3-2. The data field 
with the name X in the data structure file (horizontal coordi
nate) is labeled Easting on the entry form. Hawever, this item _ 

· will be cross referenced in each and every application by refer
ring to its data structure file name, which is X. 

The types of reporting forms available depend on_the ap
plication, since each application generates different 
types of report~ever, two types of reporting forms 
are common to all applications: 

• Single record form 

• Table forin 

These-expressions appear only on the Master Data op
tion, while in other applic:aj:ions the labeling (terminol
ogy) is modified to better accommodate an application. 
Regardless of the application, these forms have common . 
properties. 

There is a special category of reporting forms, Nonstan
dard Forms, which is used to mix graphics among vari
ous applications. 

Single record forms are created for printing information 
for a single well, single chemical anaJysis, or a single hy
drograph. The fields that may be included in such a form 
are the following: 

• all fields declared in Master Data (identification, lo-
cation, coordinates, elevation, etc.); and ·-

• all fields declared in a particular application. 

S6 · 



3.3.3. Group Record 
Fonn 

3.3.4. Hydrograph 
Report 

3.3.5. Hydrograph 

3-8 

General Table 
Report 

- ---- .. 
CHAPI'ER3 FORMS 

In additiO%,COlumns and drawings are also included. · 
For example, in the Chemistry application, one analysis 
may report constituents and various parameters, plus a 
STIFF diagram; in the Hydrographs application, a well 
may report a table with measured data, plus a hy· 
drograph in a "drawing" field. 

A group record form includes information from more 
than one well. A typical example is a PIPER diagram 
which presents atable (Column) with well/sample iden
tifications, plus a drawing containing a PIPER diagram 
with a11 selected samples. Prior to creating such a group 
report, you should selecta working group. This is a sub
set of a11 information in your data b~se on which you 
wish to work and present in a group téport. Fields w hich 
are "Single" in single record formare "Co!mnns" in group 
record form. 

This is a report of the single report type. It is made of 
columns wlúch contain measured data and a graphics 
field for a hydrograph. 

This is a report of a "table form~" with general informa· 
tion and data from the Master Data entry form. 
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Frarne 
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Frame is a· rectangular outside edge of a form, which can 
be edited by Attributes from the Menu bar, using the op-

- tion Setup Frame. Thls rectangle is displayed on the 
screen but it is not printed on the report form. In· Setup 
Fr~e option, which is located at the end of Attributes, 
the following frame parameters are offered: 

- • Horizontal offset 

--• Vertical offset 

Sjzjng and posjtionjng a 

~ 
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• Width 

• Height 

lf yo u ii1_tend to print your reports on a "11" by 17" or an 
A3 format printer, you may select the width and height 
parameters accordingly. You should seleet the frarne ac
cording to the printer you intend to use. You may orient 
your reportas portrait or landscape and select the frame 
width and height accordingly. 

Frame is used for positioning and sizing a field in the 
following way: 

• Activating the Form Editor a default frame is used 
which is different for entry and reporting forrns. 

• The existing frame can be edited using the option Al
tributes, followed by Setup Frame. 

• When a new data field is generated, the Form Editor 
will automatically assign its size and will position it 
to the right of the last field provided it fits the frame. 
lf not, it is placed into the next line. In this way the
horizontal size of the frame is used as a default for 
locating fields. 
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• When a header is defined, its ~dth is equal to the 
width of the frame and it is positioned atthe top of 
theform. 

• When a drawing field is defined, it is locat~d to oc
cupy the whole width of the frame immediately un
derneath the last field. The Editor assumes that the 
drawing will occupy the rest of the page until its bot-
tom. ~ 

• When a column field is defined, its width is selected 
considering the number of digits or characters de
fined in thueporting form; its height is such that it 
occupies the whole vertical space down to the bot
tom of the frame. 

Oñ the Form Editor menu bar under Options you may 
select to display form rulers. This is a switch w hich turns 
rulers at the top and left edges of the screen on (Show 

. Rulers) or off (Hide Rulers). The on-screen rulers help 
position fields and graphics. The measurement unit for 
both the horizontal and vertiCal ruler is millimeters by 
the default. 

You will notice a rectangle in the right lower comer of the 
screen which identifies the type of a field (field name for 
data, text, or graphics ), the field !abe!, the x and y coor
dinates of the upper left comer of the field in millimeters, 
and the length and the width of the field. This may be 
very useful in editing a form. 

At any mornent when you are in the Form Editor you 
may select to display the fui! form or you may work with 
the normal display. This will depend on what size of the 
screen yo u ha ve. On a 20-inch monitor you may work all 
the time with full display, but on a 14-inch monitor the 
normal display is your only chance! In the Display Full 
Form mode sorne fonts may not appear right. Do not be 
alarme d. This is only in viewing the form, not in printing 
a report. (At sorne time, the Form Editor is not truly 
VVYSIWYG.) 

~· 



3.4.2. AddiDg Field 
toaFonn 

3.4.3. Text Field 
-Attributes 

3.4.4. Field Name 
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New ~ield on the Menu bar offers three options: 

• AddHeader 

• Add Text Field 

• Add Drawing Field 

The Drawing Field will not be available in Entry Forms 
editing. 

-A text field may have the following attributes: 

• .. FieldName 

• Border 

• Background 

• Fieldlabel 

• LabelFont 

• Label Color 

• Label Alignment 

You may only add or modify the attributes of an active 
field. Only one field can be active ata time. You actívate 
a field by moving the mouse inside the field and pressing 
the left mouse button. If this does not work, move the 
mouse outside of any field, click it once, then move. the 
mouse inside the field you wish to work on and click the 
mouse again. (The first method will not work if the field 
you wish to activa te is placed within another field. Then 
you must deactivate the larger field by clicking outside 
ofit.) 

Field Name is a text string which uniquely identifies an 
entry field. It is important in creating a reporting form to 
use the same text string for a reporting field. For exam· 



3.4.5. Border 
__ :_--c.._-

3.4.6. Background 

3.4.7. Field Label 

3.4.8. Label Font 
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ple, if in the chémistry entry form the field that will input 
the alkalinity values of a water sample is typed as Alka· 
linity, the Field N ame in a reporting form must be typed 
exactly the same ( case-sensitlve, exact number of charac
ters or blank spaces). 

NOTE. Remember again, that in the Form Editor mode you 
must not modify field names. If you do it, you should also mod
ify data fold na~ in Data Structure File Editor. 

Border includes the user-defined solid frame around a 
field and shad<?wing of the field. Borders can be thin or 
thick, as specified by you; they may include full frame or 
just one of the four li!tes (left, right, top, bottom),or none. 
Shadowingcan be thin (number 1 or 2) or thick (numbers 
3 and 4). 

:-=..-- --=-

Background refers to-the color selected by you to paint 
a field. The whole color palette provided by the Wm· 
dows is available. Each field can be painted. 

Field Label n:ifers to the text typed to identify a field. 
Here is the possibility to use languages other than Eng· 
lish. Although a field may be identified with Field 
N ame, say conductivity, the field label may be typed in 
Spanish as Conductividad._JJnless you change it, the 
field label will be identical to the Field N ame selected in 
creating a forrr,. 

Label Font is user selectable. Whatever comes with Wm· 
dows can be used. The selection is standard as explained 
in the Windows manual, that isyou may select the font, 
the size (points), and style such as bold, normal, or italic~ 

t:¡¡ 
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You may use yarious fonts such as Cyrillic; Arabic, 
Greek, Hindi, etc. 

3.4.9. Label Color _ ·Label Color is also user selectable. Each and every label 

3.4.10. Label 
AligD.ment 

3.4.11. Options 

3.5. 

3-13 -
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NEWFORM 

can be colored differently. You may select the color by 
sliding the three slides (R,G,B) or by directly selecting a 
color field from the palette. 

La~el Alignment is used to align the label either as left -
or right aligned or centered. The label can be placed on 
top, center or bottom of the field. 

Options Jet you select to have a ruler displayed with the 
form and/ or to display the full form, as discussed ear
lier. Rulers extend beyond an A4 or legal paper formats. 

In this section the general procedure in cieating a new 
form is explained. The example wh.!ch follows will give 
you a better feeling for this routine supported by screen . 
displays reproduced in the manual. 

l. Select New from the Form menu. 

2. From Single Fields window, select fields you wish 
displayed in your entry form. 

3. Start with Well ldent. Notice where the field will be 
displayed;• , : 

4. To modify its attributes select Attributes. 

5. From the Attributes menu select Border. Notice two 
options: Frame and Popup Shadow. With Border, 
you may make a frame around the whole field, or 
with one, two, three, or no lines. Yo u may also control 
the frame line thickness. With popup shadow, you 
may ha ve a pair of shadow lines (Jeft and bottom, left 
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and top, right and bottom, right and top). You may 
also assign the shadow thickness. 

6. Stretch the field, if you wish, by clicking on one of the 
corners of the field and by dragging it with the 
mouse. Move the whole field to another location by 
clicking in the center of the field and by dragging it 
to the new location. . -

7. Continue with another data field. 

8. Add a header. Normally the header should indicate 
the form name and the project name. 

9. Select New Field. 

10. Select Add header. 

11. Type the.text for field header. GWW uses for a header 
the default font Arial, 16 points, and bold style. 

12. Change the label font by selecting Attributes and La
belfont 

13. Movel:he header toa suitable location by dragging it 
with the mouse. 

14. When you are finished, select Form and Save as .. 

15. T:ype the riame you wish this new entry form to be 
saved under. 

3.6. SELECTING To select an old form: 
ANDEDffiNGAN 

OLDFORM 

3-14 

l. Select Form. 

2. Select Old. 

3. From the dialogue box labeled a:· Luad Form select 
one of the existing forms. Normally only the stand
ard form wili be offered when you sta"<"t the program. 
Yo u may create many more forms and select one of 
your own forms. Double click on Standard or click 
once on Standard and dick on ENTER The standard · 
entry form will be displayed. 

'B 
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AND WRITING TO 

AN ASCII FILE 
DATA ENTRY FORM 
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4. Click with the.mouse outside the form. Then click on 
a field you wish to modify. You will notice that the 
solid line around the field becomes dotted. Now you 
can select Attributes and any of the áttributes on the 
pop-down menu, such as label font, label color, data 
font, etc. These attributes refer only to the field which 
has been selected. You may move the field to a new 
location, or size it You may enhance the whole field 
by selecting background and selecting a color from a 
color palette. 

5. When you are finished, select Form again. 

6. Select Save as ... and give the new or old name for this 
entryform. 

3. 7.1. Reading From You may read an entry form file created and saved asan 
an ASCII File ASen file. For example, if you have created an ASCII 

entry form file· and have given it the name MA5-
TERl.FRM, you may retrieve it as follows: 

l. Select Tools from the main menu bar. 

2. Select Data Entry Form Editor. 

3. Select Master Data application. 

4. Select Form from the menu bar. -

5. Select Standard ASOI Input 

6. Select the filename MASTERl.FRM from the list of 
_ filenames h~~ th•1'dialogue box. • 

3.7.2. Wri~ ~ an 
ASCII File 

You may create yo..u own entry form and save it as an 
ASen file. The following procedure creates an ASCII en
try forrn file with the filename MASTERl.FRM. 

l. Select Tools from the main menu bar. 

3-15 
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2. Select Data Entry Form Editor. 

3. Select Master Data application . = 

4. Select Form from the menu bar. 

5. Select New. 

· 6. Create your own entry form from the fields offered on 
the left si de of the window, using new fields for head
ers. 

-
7. Select Standard ASOI Output. 

8.Type MASTERFRMas a new filenarne in the dialogue 
box. · 

3.8. PRINTING AN Yo u may print the entry form whichis currently selected. 
ENTRYFORM 

3-16._. 

l. Select Form from the menu bar. 

2. Select the default form oran old form; crea te your own 
by selecting New or input an ASCII entry form. 

3. Select Prinl The displayed entry form will be printed: 

NOTE. You cannot select a printer or print orientation from 
this utility. You must first check which printer has been 
selected in either one of applications or in the Windows 
Control Panel. 



3.9. EXAMPLE 

3.9.1. Create a New 
Master Data 

- ' EntryForm 
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The task will be to creat~ a new master data entry form. 
Since there will be a lot of activities in creating the form, 

. individual tasks will be specified at the beginning of. 
each activity. 

l. To start this exerdse, select Tools from the main menu, 
then select Data Entry Forms Editor. The screen is as 
shown in Figure 3-6. Click on Master Data. You are 

,!;hemlstJy 
fumping Tests 
Jiydro.graphs 
Well Log 
~ep t=; a •. ~.:,.,wn Test 
2rain Size Curve 
.!,!ser Data 

Figure 3-6 
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offered a blank form, Figure 3-7, with the list of all 

--

--

Figure3-7 

l)'ptl.' ,__, 
x.ylrrml -

""-"" 

• 

data fields on the left, and the window for a new 
form. 

2. Start with New Field, to add a Header. The Header 
should read as follows: Master Data Entry Form -
Guarico Data Base. Make the header about 2 cm high, 
use Tlmes 14 bold font, add shadow to the right and 
above the header field. (Yo11 may also exerdse with 
label color and background color.) 

2.1. Click on New Field. Select Add Header. Type 
Master Data Entry Form- Guarico Data Base into the 
Field Label dialogue box. The display is as shown in 
Figure 3-8. Select OK. The header, which is now an 
object, is placed on the form. You will see that this 

. Field Label: ;5:31PM. 

1 Master Data Entry Fonn - Guarico Data ~a 1 

Figure 3-8 

91 
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object"has sqUaie handles on the corners. You can use 
these handles to resize the object. You can move the 
whole object to a new place by clicking in its interior 
and dragging the rectangle to a new place. · · -

2.2. Place the pointer (mouse cursor) on the lower left 
handle. Click and drag tbe handleJor about 1 cm 
downward. Notice t:rui! the object becomes larger. 

2.3. With the object still selected (notice dashed lines, 

Field Label 
Labelfont 
Label ~olor 
Label AJignment 

Figure3-9 

layout, you zriay edit 
this form prior to con
tinuing creating your 
entryform. 

2.4. From the Attrib
utes menu, select Label 
Fonl The dialogue box, 
as shown in Figure 3-
11, offers all fonts avail
able to you. However, 
remember thaf the 
fonts fha t are offered to 
you are the ones that 
you have installed in 
your Windows. The 

and square handles), se
lect Attributes. The list 
of attributes is displayed 
as shown in Figure 3-9. 
Whatever changes you 
make, your action will 
affect only the selected 
object, Header field. No
tice the bottom option 
on this menu, Frame 
Setup, which when 
clicked displays the dia
logue box as shown in 
Figure 3-10. It refers to 
the entire"iorm size and 
horizontal and vertical 
offsets. If you ·anticípate 
having more data fields, 
or wish to use another 

frame Parameters' , 

Horizontal Offset 

·vertical Offset [mm] O 
Wldth [mm] @O 
Height [mm] @O 

Figure3-10 
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Fonl Selecllon 

Fontface 

~!~~U>Mi 

-~Dold 

0Jtalic 

O!!nderUne 

Figure3-11 
' 

font availability has nothing to do-With the GWW 
software. Select Times Roman, select 14 points, click 
on bold. Click on OK. 

2.5. To add shadow, click on Border. The display is as 
shown in Figure 3-12. Notice two options: Frame and f-

Shadow. Frame refers to adding lines to the field rec-

Frame 

. · 
. 

[8J Full Frame 
0None 

[81 Left · 
[81 Right 
[81 Above 
[81 Below 

Popup Shadow 

[] . . 
- ·-

[8J None 
0Lef1 
Oru9ht 

BAbove 
Below 

Figure3-U 



3-21 

CHAPTER3 FORMS 

tangle. By default it has all four sides filled with so !id 
lines of thickness l. Shadow refers_ to emphasizing 
the form of the object While thickness of the lines can 
be 2, 4, 6, 8, or 10, the size of the shadow can be be
tween 1 and 5 millimeters. At some point during cre
ating the form, click on Option, and place the ruler 
on the form. The ruler is in millimeters. 

Select popup shadow by clicking first on number 3, and 
· then on the right and above boxes. Select O K. The screen 

is now displaying the header field with all its attributes 
(Figure 3-13). · 

- 1 

~D.aiEIIDyf-·Gu.riCII~ 

Tn>e: Text 

• 
¡ 
• • ¡ 
• 

• 
• 

• 

Label. Master Data f 

x.y(mm] {1.7) (13122} 

"""" (190.16) ., 
.. '< ~;;-,..~~~ ~t<".,..""-e~<><·,..,. "e!:~!~< <...-..... ~:'""~~!._.:~"'+e< <.-~:~-~,.,.,~~"!+<:~··~t< ~,." .. S 

Figun3-13 

3. Add severa! more fields: Well Identification, Descrip
tion, Location (not Locality as in the listing on the 
left), X Coordinate, Y Coordinate, Elevation (m 
A..\1SL), and Map Sheet No. For all use Times 10 (nor
mal) font, except for Well Identification use Trmes 10 
bold. Separa te Well Identification from the rest witlC 
a thicker shadow frame, using left and lower shad
ows. Create a background color for all data fields ex
cept for Well Identification. 



--

--_-;-
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3.1. Click on Options and select SP,ow Rulers. 

3.2. Select Well Ident from the list on the left. M ove 
the field a few millimeters down, to separa te it from 
the Header field. Make the move by clicking inside 
the field and dragging the whole field. Expand the 
field slightly to the right. Do this by clicking and 
dragging the right upper handle. Try to combine 
both moves in one! Do it by clicking on the lower 

· right handle and dragging it in the lower right direc
tion until the object is the size and shape you want. 

3.3. Select Attributes. Click on Field Label. Re place 
the word Ident with Identification. Select OK. 

_ 3.4. Select Attributes again. CllC:k on Border. Click on · 
4 for frame, and on 4 for shadow, clicking also on 
boxes for left and below. Click on OK. ----
3.5. Select Label Font. Click on Times Roman, 10 
points, and on the box for bold. Select OK to exit. 

3.6. Click on New Field. Select Add Text Field. Do 
not type any text, just click on OK. Stretch this field 
to cover about 10 by 8 cm. -~-

3.7. Select Attributes and Background. Select any 
color yo u want by clicking on a small rectangle in the 
palette. Click OK. The screen display is as shown in 
Figure 3-14. 

¡__ ____ D_.,._u..,. __ F....,_·_c...,._· ;:D= ... =Bu='::;--'1 ;¡ 
.J-·- .... . \ 

:~· 
:,~ 

., 

.• ;Fl 

Figure 3-14 

lo 1 
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3.8. Click on Description in the list on the left. M ove 
the field into the colored field. Resiz€ it to fit. Select 
Attributes, followed by Label Font. SelectTrmes, 10 
points, and click on OK. 

3.9. Click on Locality in the list on the left. Move the 
field under the Description line. Select Attributes; 
followed by Label Foñl Select Trmes, 10 points, and 
click on OK. Select Attributes again, then Field label, 

. and correct L{)cality to Location. 

3.10. Click on X on the left. Select Attributes, fol
lowed by Label Font. Select Trmes, 10 points, and 
click on OK. Select Attributes again, then Field label, 

..and add Coordinate after X. 

3.11. Repeat the same procedure with Y, changing Y 
to Y Coordinate. 

3.12. Repeat the same with Z, typing in Field Labe~ 
Elevation (m AMSL) instead of Z. 

3.13. Finally click on Map Sheet No. on the left. Move 
the field to the lower right side comer on the form. 
Select-Attributes again, then Label Font, and click on 
Trmes, 10, and bol d. Add shadow by selecting Border 
from Attributes, using the number 1 for the thickness 
of shadow, and clicking on boxes left and below. 

The final form is as shown in Figure_~ 15. This termina tes 
example two. 

¡·-

:·'· " .... -:-:, ... -·-· .. , ······:' ··"·.··· . .; .. 
Figure3-15 

.. 
> 



3-24 

3.10. Nonstandard 
Forms 

CHAPrER3 FORMS 

This is a special category which appears in Report Form 
Editor and in severa! applications (hydrographs, pump
ing tests, welllogs, step-drawdown test, and grain size 
curves). It is used to create a report with severa! draw
ings from different applicatmns on the same form. The= 
only type of data are header. text fjeld. and drawjng 
~- Each drawing is named, say PT-Ml, HG-Bl 
(pumping test at well Ml; hydrograph at well Bl, etc.). 

= 

Figure 3-16 

The procedure to print a composite report is the follow-
=~ 

l. Crea te a Nonstandarcfreporting form using the Tools 
menu and Report Form Editor. Notice that this is a spe
cial category which is not related to any application. Cre
a te severa! drawing fields and assign to each a narne. 
Write down the~mes of drawings you wish to use, and 
their corresponding sizes (width and height). Remember 
that in applications you are normally asked to select a 
drawing' size. 

2. From an application sav~ the_currently displayed 
graph as a drawing (use option Reporting, and Save .. ). 
Use the same name for the drawinb as the one you se
lected when you created the nonstandard reporting 
form. 

3. Go to another application. Repeat the same procedure. 

4. When you have created all drawings that you wish to 
place on that "nonstandard" reporting form, select o~ 

103 
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tion report from whichever application; followed by 
Print Nonstandard Reporl From the dialogue box 
which lists all available nonstandard report forms select 
·the ene that you have created for this purpese. 

- One of typical examples weuld be te place a chemical 
diagram and a pumping test graph next te a wellleg and 
site lecatien I:nap shewing the pesitien ef that well rela
tive to ether wells. 

Yeu may use the Nenstandard Reperting Ferm te place 
severa! graphs belenging te the same applicatien en the 
same ferm. This applies to, fer e~ample, hydregraphs, _ 
puinping tests, or welllegs. · 

164 
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CHAPTERFOUR UNITS 

4.1. GENERAL 

4.1.1. · Unit Type 

4.1.2. UD.its 

4.1.3. Conversion 
Factor . 

4-1 

The cww_-5oftware package has a very flexible system 
of units. You may use a default~em, which is created 
by the programmers of the GWW, or you may replace 
t:Ns, system with your ówn system. 

In th_! GWW sóftware the following ieinunology is us~d: 

• unittype 

• unit 

• converSion factor 

Unit type is the major category of units: length, time, vol
ume, area, flowrate, tra.IlSII\!Ssivity, permeability or hy
draulic conductivity are examples of unit types. 
Although the standard GWW units file, by default 
named GWW.VNT and located in the \GWW directory, 
contains more types such as temperature, force, velocity, 
pressure, energy, etc., the GWW software needs only the 
following types: length, time, flowrate, transmissibility, 
permeability, and velocity. 

Cubic meter per second, square ·meter, minute, gallon 
per da y per foot, etc. are UNITS. ~art.< pi!r million is also 
a unit 

Conversion factor is a multiplier which relates new 
(user-defined) units with basic units for a particular type 

-'"" ' .J06 .·' 
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of unit. For instance, if unit type is TIME and its basic 
unit is SECOND and the new unit is MINUTE, the con
version factor should be 1 (second)• 60 1 (minute), that is 
0.0166667. 

Each type of units{length, area, volume, time, flowrate, 
etc.) must have one unit that-is referred to as the BASIC 
UNIT: It~ important that basic units for flowrate, trans
missivity, and permeability are consistent with basic 
units for length and time. In the GWW. UNT file the basic 
unit for length is meter and for time second. Thus, the 
program expects that the basic unit for pi.unping rate 
(flowrate) is m3 /s, for transmissivity m2 /s, and for per
meabilitym/s,regardlessthefactthatyoumaynotwant 
to use these units. (In every part of the program, in its 
applications, you will ha ve a chance to select your own 
units for computation and reporting.) 

You may create your own system of units, for example 
using-American units. However, you will not be able to
define as basic unit for pumping rate galion per minute 
if you have defined foot as the basic unit for length. 

4.2. WORK WITII~~~~~~~~~~~~~~~~~~~~~~-
UNITS 

---- 4.2.1. Units as a Tool - Normally you do not need to be concemed with this part 
of the GWW software package. Almost everything you 
need is already pre-programll\ed for you. You may, 
eventually, use this utility as a calculator for converting 
some units that you may need in other programs or in 
your routine hydrogeological work. Only if you wish to 
include some uncommon units that the programmers 
were not aware of, you may exploit the features of the 
Units Too!. 

4-2 

If you wish to explore or modify the units, you should 
do the following: 
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1. Select Tools from the Main GWW menu bar. The sub
menu as shown in Figure 4-1 will appear. 

Data fntry Forms_Editm~~¡ 
Beport Forms Editor 

Figure4-1 

Help 

2. Move the cursor to Units or type letter U. The subpro
gram UNITS:EXE is loaded and the screen will dis
playUnittypes, Units and Factors asshowninFigure 

-- 4-2. You will notice that context-sensitive HEU' is 
also available for thiS part of the program. 

m , Unils [c:\gwd\guaricv.gww¡ , aa 
!Jnit System J;onversions .lielp_ 

Uni!Type 

~=te !.t Velcci ty ~-.::-: 
Transa1ssi vi ty * ... 
Peraeahilttv 
Pressure 
Teaperature 

Cll .... 
11:1ch 
feet 
yanl 
aile 

Unlts and FadDrs 

O.Ol 
O OOl 
0.0254 
0.304878 
o. 9144 
1609 

!tY'i.iíj'¡¡¡¡;¡;'IJii,i;\H'í IY71iiM~'Uitíi''i(.] 

i!BF~í'pé'{liTJ - IJFIYo~~'üiiíi?;+;-:¡ 

rn:~'.t!iliít':Ir! W lili• üi~f'FI!rtSeilli ~; tl 
Figure4-2 
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The program loads the unit system that is currently dis
played using the file GWW.UNT from the \GWW direc
tory if this is a new data base. If this is an established data 
base, the GWW program will associate with the base the 
unit system that you have worked with and have saved 
together with other data. 

If you wish, for e:xample, to change the name of a unit 
type you should use the button Rename_ Type. You may 
add a new type using the button Add New Type, or you 
may delete a type of units. As an exeri:ise rename the 

-!)'Pe permeability with Hydr. Coñductivity. 

l. Move the cursor down to the lirie-perl:neability 

2. Click the mouse on Rename Type. 

3. In the dialogue box that will open type the new name: 
Hydr. Conductivity. 

4. ClickOK 

Here, again, is your chance to replace English-written 
types of units with types of units in your language. 

4.2.3. Adding;_.N~e~w~--;-;--------;-;------:---:------:-:-:---:------;-----
Unit Yo u may add new units for any unit type. Asan example, 

prior to adding gallons per da y per foot, which is the unit 
for transmissivity, delete the same unit from the list. 

4-4 

l. Move the cursor down to Unit Type Transmissivity 
and click on this line. 

2. On the right side, where Units and Factors are dis
played, move the cursor down to gpd/ ft . 

. 3. Click on Delete Unit button. This unit will disappear 
from the list. 

4. Select now Add New Unit. 
-

5. In the dialogue box that will open you will be 
prompted to type the new unit name for the Type = · · 



4-5 

CHA.PI'ER4 UNITS 

Transmissivity. When you type gpd/ft the screen 
should look as shown in Figure 4-3. - · 

Unhs(~uarico.~ 

@HIN· New Unlt 

Unit Name (Type = Transmissivityl 

IUU:Aild,ti~~:~f{4 
¡;ry:,u;a't¡;por:vM:J 

IW&1ii.fw;;;;t·u~lif''<l 
li%':::~fi8iidiURiC.(:?:q 

IPJR&_:.aMei.úi.it~;;~¡;;~:\t4iif:ad.'.r ' j · 

Figure4-3 

6. Click on OK. 

7. Anew dialogue boxwill open promptíngyou to enter 
a conversion factor which will relate this new unit 

-With any other unjt of this type. On the right side the 
list of all currently selected units for this type will be 
shown. For example,¡ you know the conversi9n be
tween gpd/ft and m /day, you may select m /day 

- using the upper and lower arrow buttons on the 
screen disp!ay. The screen willlook as shown in Fig· 
ure4-4. 

- · · NewUnit - : <-: --
, -

Enter conversion factor 

1 gpd/fl = 

Figure44 

tfO 
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8. Select m~ da y and type .01242. The screen willlook 
as shown in Figure 4-5. 

, , New Unit • , . · 
-. :$!' 

Enter conversion factor 

, gpdlft = ¡L...o_,2_4_,_2l ___ _,llm2/day i:t1 

Figure4-5 

9. Click on OK 

Although you have typed the conver,sion factor relating 
the unit gpd/ftwith the unitm2 /day,,the list of units and 
factors, which is shown in Figure 4-6, shQws the conver
sion for gpd/ft relative to the basic unit, that is to m2/s 
(see also 4.1.4 above). 

UnltType Unlts and Factors 

Figure4-6 

o ,0000111574 
0.00000016&4684 
0.000001036522 

JU 
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UTILITY 
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.. 
This is a calculator which you Iñay use to recalculate 

_ sorne values expressed in one unit to their equivalents in 
other units. For example, you may wish to calculate 
length in feet. Once you are in Units subprogram you 
should select conversions (see ~igure 4-2). The GWW 
Unit Conversion Utility as shown in Figure 4-7 will be 
displayed. The procedure is as follows .. 

· · G'NW · Unit Conversion Utility . 

UnitType 

Figure4-7 

l. Move the cursor to the unit type that you wish to ex
- press in another unit. In this case select Length and 

click the mouse . 
. 

2. On the right side of the display, Equivalent Values, 
click on the line showing feet as the unit. The pro
gram automatically replaces the conversion factor 
with the number 1.00000 and places the same num
ber in the upper window next to the text Value 
[feet]=. Replace the number 1 with any other number, 
say 5.77 in this example, and notice the new list of 
equivalent values, as shown in Figure 4-8. 



4.4. USING UNIT 
SYSTEM OTHER 

THAN 
PRE-PROGRAMMED 

FORGWW 

4-8 

CHAPI'ER4 UNITS 

Unitlype 

Figure4-8 

On Units menu bar (Figure 4-2) you will notice option 
Unit System. When you click on Unit System the display 
looks like shown in Figure 4-9. You have three options: 

, Sta ASCII Output 
Load .S.tandard GWW Units 

Alt-F-4 

Figure4-9 
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1. Standard ASCII Input 

2. Standard ASCII Output 

3. Load Standard GWW Units - --

- Option one is used when yo u wish toread from an ASCll 
file another system of units than the one programmed as 
a default for the GWW package. Option two is used 
when you wish to save your current system of units in 
another file,_ which is by default an ASCII file. Option 
three is used when you wish to replace your currently 
used system of units with the GWW default or standard 
system. 

If option one is selected you will be prompted for the 
ASCll file name as shown in Figure 4-10. If option two is 

~----- -------- -- -----
¡¡¡¡¡¡¡ .. . .. : • . Input from Standard ASCII File 

Alonamo: j.::i=il=nl ____ __, 

Dlroaary. C:\GWD 

A los: Oirectories: 

gww.unt 

Figure4-10 

selected, you will be prompted for an output file name 
under which the current system of units will be saved. 
Option thre,~, -.-.,hen selected, will search for the file 
GWW.UNT in the \GWW directory. 

·' 

The GWW.UNT file is reproduced in Appendix D. The 
three columns in this file have the following meaning: 
unit type, unit, conversion factor. 

114 
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Each application handles units that are specific to that 
applicationin its own way. Normally you may view the 
units currently used (using_option General Data Units). 
These units can be changed within an application. 

In so me applicaticins yo u decide on current urúts for~ata 
measured in the fiel~ou may convert from metric ro
practica! American hydrolQgic units, if you wish so, 
without affecting the general data units set. 

However, be careful when changing units for length and 
elevation that are used in the mapping and cross section 
applications. The units must be consistent, otherwise 
yo u may end up by not being able to add sorne lines onto 
cross sections. This will happen if you crea te the data 
base in feet and decide to use metric system for cross sec-
tions. --

lf5 
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CHAPTER FIVE CO:Ml\fON ROUTINES 

5.1. GENERAL To begin with yo1.1 should know that the GWW package 

5-1 

comprises the following applications: 

• Master J::)ata 

• Chemistry: Samples 

Chemistry: Concentration-Dep~ Series 

Chemistry: Concentration-Trme Series 

• Pumping Tests 

• Hydrographs 

• Mapping 

• Cross Sections 

• Fence Diagrams 

• Step Drawdown Tests 

• Grain Size Distribution Curves 

• Miscellaneous 

• User Data 

They are selectable from the Main menu bar under op
tion Application as shown in Figure 5-1. 

Sorne of procedures and routines are either exactly the 
same or about the same in more than one application. In 
this Chapter we will describe sorne routines and proce
dures whlch are common to more flt<i!'l one application, 
such as: (a) selection of units for a particular application, 
(b) selection of a working set ora workiüg group, thatis 
reducing a large set of data toa smaller subset; (e) setting 
up the printer, (d) creating random data "models" (inter
na! files) to be used for mapping, gridding and contour
ing, and (e) reading from standard ASCTI files and/or 
writing to standard ASCTI files. 

___. .. 
. . \ 
/(6) 

'-..__ ' 
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Crosfteditll 
fea= Diagrams -
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linio Size CaNO . __ _ 

Wlsa:llaoeaus 
Userllata 

COMMON ROUTINES 

In addition to setting up a system of units as explained 
in Chapter Four, ea eh application has its own way of per
mitting you to select units for that particular application. 
Once in the application, you may select but not modify. 
delete rename or add a unjt ora unjt type. or modify a 
conversion factor. This must be done using option Units 
from Tools on the Main menu bar. 

The applications Hydrographs, Pumping Tests, Step
Drawdown tests, 
Chemical Concen
tration -Depth Se
ries, Chemical 
Concentratiori -
Time series, and 
Grain Size Analysis 
have the option 
General Data Units 
on the-Data menu, 
as shown in Figure 
5-2. 

Figure 5-2 
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The Master Data application permits you to select units 
from the Units menu on the application's menu bar. 

_ Depending on what you have selected to keep in your -
Master Data application you may select units for any en
try that is identified as numerical (dimensioned)data 
type. In the standard case-whiC111S supplied as a default 
for master data structure, you may change units for co
ordinates··(X and 
Y), for groünd sur
fa ce elevation (Z) 
and for elevation- -
of the measuring 
poipt (ZM). When 
yo u select Units on 
the menu bar, th~_ 
offering will be the 
same for which
ever data entry 
you select to 
change. This is 
shown-in Figure 5-3. 

Applications Cross 

Figure 5-3 

Sections and Mapping ha ve their own options for edit
ing or modifying units. Figure 5-4 displays the menu op
tions for cross sections. 

Figure 5-4 

/¡g 
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In applications Pumping Tests and Hydrographs the se
lection is different for general data and for measured 
data. In the application Hydrographs, the general data 
are the same as in the Master· Data application (coordi
nates and elevations). In a pumping test the general data 
are distance between a pumping andan observation well, 
transmissivity, standard error of fit, and the same coordi
nates and elevations as in the Master Data application, as 
¡;hown in Figure 5-5 for transmissivity and in Figure 5-6 
for average pumping rates. 

Figure 5-5 

Figure 5-6 

1/1 
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The program obtains the list of dimensioned entries 
from data structure files (Chapter Two);and the units 
from the System of Units (Chapter Four). 

For the pumping test and hydrographs applications you 
may a1so want to selectunits for measurement or-obser
vation data, such as levels, clrawdowns; time of pump
ing and pumping rate. These are called measurement 
units and the optionfor selecting them is located on Edit 
submenu as shown_in figure 5-7. For the pumping test 

Edit Measurements Ctri-E 
Standard ASCII Input -
Standard ASCII~ u! 

FigúreS-7 

6~Cceti:::ant 

application you may select units for time, length and 
pumping rate, and for the hydrographs application for 
time and length. Figure 5-8 displays the units that rnay 
be available for pumping rate (flowrate). 

m3fs 
1/s 
gpm 
g(UK)pm 
acre-ft,ld 
m3/day 

Flowrate 

Figure 5-8 

f<O 
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NOTE. Itis important to note that what you are doing in an 
application is relevant only for calculations and reporting but 
will not rrwdify the system of units that you have talcen either 
from the dejault file with units, GWW. UNT, or have modifi.ed 
and Sll1Jed using the option Units from the Tools submenu. 

1his is one of the most important and attractive opera
tions in the GWW system. Being programmed to run un
der Wmdows and relying on Wmdows resources, a large 
pool of memory and huge storage capadty, and espe-

SELECTION OF 
WELLSOR 

SAMPLESOR 
REDUCTION-eF A 
LARGEDATASET 

TOASMALLER 
SUBSET 

cially counting on the processor-speed of 66 MHz and 
- above, the GWW paCkage has been programmed for 

large data bases. Under "large" we--mean hundreds or 
_____J!J[en thousands of well;; or water samples. (If yo u intend 

to run Gl/"f}N on a 25MHz 386SX PC, you better limit 
your data base to 100 wells.) 

Working with a large set of wells may beco me ineffident 
after a certain number. Yet veryoften we want to pay our 
attention to an area, an aquifer, a parameter, or to certain 
wells that differ in something from the rest. For example, 
we may have 500 wells in our data base, but we wish to 
create a map showing locations of wells in which one 
spedfic chemical constituents has been identified. In ad
dition, we wish to create a confour map of that constitu
ent using only wells in which it was detected above a 
certain limit. In other words, we want to elimina te from 
the display all wells in which this constituent is less than 
the prescribed minimum. 

Howwedoit? 

We have sevcal. •vays for filtering the data base and 
searching for samples/wells that satisfy a defined crite
~on. These are dis:~ussed one by one below. 

5.3.1. Select Condition The -applications Master Data, Chemistry, Pumping 
Tests, Hydrographs, Well Logs and Lithology, and Step _ 
Drawdown Pumping Tests ha ve all Select Working Set 

5-6 

(2.( 
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·option on the Data submenu. An example from the Mas
ter Data menu is shown in Figure 5-9~ In t:lle example 

EntryForm 

Standard ASCII !nput 
Standard ASCII Qutput 

Printer Setup 

665000.00 

. Figure5-9 

shown the data base contains more than one hundred 
wells. Identification · of wells starts with either letter P 
(for 'Parcelamiento' in Spanish), or with letter S (for 
'Sistema de Riego Rio Guarico', or, translated to English · 
'River Guarico Irrigation System'). The...selection crite
rion built into the GWW permits yo"U to use the identifi
cation name, or any other information in the data base, 
whether it is a character _pr a numerical val u e, for reduc
ing the large set of wells to a smaller subset. 

The option Select Working Set is interpreted as follows: 
send all other wells or samples into background, display 
only wells and samples that will be selected, and keep 
working only on this reduced set. 

When you click on Select Working Set a box similar to 
the one showñin Figure 5-10 will appear. The difference 
will be in that all wells would be shown as "selected 
items". li,:for example, you wish to reduce the set to only 
wells belonging to the irrigation system, which are iden
tified with the name SRRG-xx, where xx is the sequential
number of a well, you should do the following. 
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Sataaad ltams 

&n~%\~~ca.Ait.::·;~ (~· :·..: 
lí~~liiá'&;T~~~ 

FigureS-lO 

l. Oick on Unselect All. The 'Selected Items' window 
will be without any well. All well.S are moved to the 
left window, and the display looks as shown in Fig
ure5-10 . 

. _ 2~Click on Select Condition. The dialogue box as 
shown in Figure 5-11 will appear offering yo u tose
lect a variable to use· as a 'selection condition'. The 
variables are all data tha t make a part of your Master 
data portien of the data base. 

3. Click on the arrow next to the Well Ident field, and see 
the list of parameters popping down. If there are 
more parameters than the size of the window there 
will be a slide bar on the right side. This is shown in 
Figure 5-12. 

Seled Cnnd•t•on 

Variable 
---~, ... 
Wellldent ¡¡;: 

CondJtlon ,;:V•::'•::.• ---

D:~===i D 

FigureS-11 

Sdr:r.t C:nud•tior'l 

Virtable 

!wellldent lil 
Oesalpbon ¡; 
District ';.. 

Locollty :J: 
Owner :? 
X ·~~ 

·:.:· 

~ 
·o 

~' l7w 

FigureS-U 
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4. Click on Well Ident, which was suggested by the pro
gram as a default, and 
type under the Condi
tion Value the equal sign 
in the left box and the 

- ccimbination s• in the 
right box. The program 
permits yoú to use logi

Sdr:c;l Cond1IUJR ... 

Variable 

--¡w.n-. 
Condltlan Value o .... ,S"--___, 

D 
cal operators =,> ,< in - lt'::.«<::'4 p:;n.;..¡ 1 
the left box, and wild-
cards (* and ?) in the 
right box. In the case 
shown in Figure 5-13, the 

FigureS-13 

interpretation is as follows. Select only wells identi
fied with a well name starting with letter S regardless 
of what follows after the first letter. You could have 
used the second character in the identification name, 
the third, _q_r any, using wildcard symbols for th~. 
characters that you do not·care. 

5. Select OK. N atice in Figure 5-14 the 'Selected Items' 
Unseleaed ltems Salactad ttams 

_Fria 
P-103 
P-110 
P-152 
P-153 
P-155 
P-1&3 
P-1&& 
P-1&9 
P-170 
P-171 
P-1n· 
P-18 

FigureS-14 

window filler! with identification names starting 
with the letter_5. 

6. Selectj)K. You will be back in the Master Data main 
menu, but the list of wells, which is normally dis
played on the left side, will contain only wells start-

12'"1 
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ing with the letter S, as shown in Figure 5-15. In ad
dition, the number of wells, displayed on top of the 
list, will reflect the altered working set content. 

Master Data · 

... -· ~~~-t~r-:r:~*~~t1~!~' -- r- ¡-·-·.. ¡-~ '"ooo.oo nnoo.oc u..Js 
- ¡- ¡--

Fig¡ue5-15 

You may use a double selection condition to select wells 
within a certain range. For example, if you wish to re
duce a large set of wells to a smaller subset being located 
within a certain area, you may select X coordina te as the 
selection criterion, and type >= signs in the upper left 
box, followed by the minimum X coordinate, and type 
<= signs in the lower left box, followed by the maximum 
X coordinate. On!y tñe wells in which the X coordinate 
matches this condition will be selected. You may repeat 
the selection procedure on this already reduced set, se
lecting in the same way the Y coordina te for the selection 
condition. 

However, there is a better way to select wells within a 
certain area. This is explained next. 

Yo u will notice that in all but Mapping and Cross section 
applications there is an option Load Map or Map on the 
menu bar: This option is used to select wells directly 
from a map. You crea te these maps in the Mapping ap
plication, placing either all wells or airead y reduced set 

!25 
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or selected wells to emphasize thematic purpose of 
maps. 

When you se
lect Load Map 
option the dia
logue box ~s 
shown in Fig- . 
ure 5-16 will 
be displayed. 
The lower 
field lists all 
currently 
available 
maps. Re

Load Map 

Sclcct an eocisting. map 

baslc-log 

¡,o,;•~'j .. . '·· 

-- r 

Figure5-16 

member that maps are objects in the GWW system, and 
each is assodated with a name:In the case displayed in 
Figure 5-16 there is only one map, nameci basic-log, 

. which contains locations and names of wells which may 
have known lithology or welllog. You may either type 
the map name (exactly as it is shown) or double click : 
with the mouse on the map name. The map will be dis
played as shown in Figure 5-17. 

FigureS-17 

I2C 
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Notice various buttons on the right side .. Their mearting 
is as follows: 

Close Removes the map from the display. 

Zoom In Permits you to:.eniarge a portion of the map. 

Zoom Out Retums the display to.its normal view. 

Fit Wnd. Redraws the map to fit the entire window. 

SeLin.Rect. Pemúts you to select wells within a rectangle. 

SeLPoints Pemúts you to_ select well points one by one. 

End Points Ends selection of wells point by point. . 

Sei.In Area Permits you to selects wells with free hand, making a 
closed contour around wells. 

End Point Refers to selection of an area and is used to connect the 
last point with the first point of a line making an area. 

End Area After the line delineating an area is closed, 'End Area'. 
command selects all wells within this area. 

One example using a rectangle is displayed in Figures 
5-18 and 5-19. It is impclrtant to remember that prior to 

FigureS-18 

rn 
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selecting wells_using a map, all wells should be unse
lected so that only the really desiréd wells will make the 
data set In Figure 5-18 a rectangle is drawn by dragging 

-the mouse from one point to another. The wells located 
within this rectangle are displayed on the left si de of Fig- -
ure 5-19. 

-Figure 5-19 

Figures 5-20 and 5-21 display the selection process using 
free hand drawing of an area around wells to be selected. 
In this case the following steps are made. 

FigureS-lO 
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l. From the Data menu bar option Select Working Set 
is activated. · 

2. · In the selection dialogue b_ox all wells are unselected. 

3 .. Load Map option is selected. 

4. The map named 'BASIC-LOG' is transferred into the 
. upper window and selected by clicking O K. The dis-

playis as shown in Figure 5-20 without the con
toured area. 

5. Sel.ln Area button is activated. 

6. Using free hand drawing with the mouse, a line is 
made with several points around wells to be selected. 
The final point is cl?se to the initial point. 

7. End Poi.n4second from the bottom) is activated. 

8. End Area button is activated. 

The display is now as shown in Figure 5-21. You may 
zoom in the map to make your selection more precise. 

SRRG-28 
SRRG-3 
SRRG-.11 
SRRG-5 
SRRG-9 

Figure5-21 

You may select wells one by one, without using a map, 
in the following way. 

j¿q 
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l. Activate option Select Working Setas before. 

2. Unselect all wells. 

3. Click with mouse on a welf on the left side (unse- .. 
lected) to move it to the select window. 

4. Repeat the same operation with other_ wells that you 
want to work with. --

This way is·recommended only if you wish to work with 
a very small number of wells, for example, to create a 
lithologic cross section with full control over what you 
want to place on tlle cross section. 

The-concept of a Working Group which is used in Chem
istry and Cross Sections applications differs from the 
Working Set concept in the following. A Working Group 
is a subset of a Working Set Wells which will be shown 
on a group diagram or display make the group. For ex
ample, yo u may ha ve a large data -base with hundred of 
wiills.'You may ha ve reduced this data base toa smaller 
Working Set of wells belonging to a particular area. Say 
that your Working Set comprises 40 wells. You wish to 
present on a Piper diagram only 10 wells. You will create 
a Working Group to be composed of only these 10 wells. 

Or, another example. ·You may have the same 40 wells 
with known lithology. You wish to place 6 wells on a li
thologic cross section. You will create a working group 
with these 6 wells that will be displayed on the cross sec
tion. In both cases other wells making the working set 
will be stilllisted on the left side of the- screen . 

. Yo!! select wells for a working group in exactly the same 
way as explained above. There is only one minor differ
ence in the case of Chemistry application. There, the op
tion on the menu bar is Map, followed by two other 
options: Make Working Set and Make Working Group. 

./3D 
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Note that group display diagrams (Piper, Wllcox, Schoel
ler) will not display what they are supposed to display 
unless a working group ha~ been created." 

~ection of printers and attrioutes related to printing is 
normally a Wmdows operation. For this you go to Main 
Wmdows menu, select Control Panel, then Printers, and 
configure the printer you wish to use. 

In the GWW system you have an option Printer Setup in 
every application. It is used.to change the orientation of 
printout, portrait (vertical) or landscape (horizontal), the 
printing medium, the quality of print, number of copies, 
colors for a color printer, and many more. Actually, the 
GWW system brings a printer driver tha..í had been con
figured as a default printer in Wmdows' Control Panel. 
Remember that you cannot change from within a GWW 
application a default printer and replace it with another· 
currently installed printer. If yo u wish todo so, yo u must 
either exit completely from the GWW, or better, stay 
within the application but temporary exit by using the 

-combination C1RL+ESC key to go to the task assign
ment, select Program Manager, then select Main, and 
Control Panel, then Printers. Change the defau!t printer, 
close Control Panel 
and return to the ap
plication by activat
ing once again the 
task assignment list 
(C1RL+ESC). 

Printer Setup is an 
optionlocated on the 
Data submenu of 
every application. 
The example shown 
in Figure 5-22 is from 
the Master Data 

~eled Entry Form 

Standard ASCII !nput 
Standard ASCII ºutput 

Printer Setup 

Ownoo 

FigureS-22 

131 
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menu. When selected the screen may locik like the dis
play in Figure 5-23. This is the printer driver's menu for 
the Hewlett Packard Laserjet m. You can access the same 

'driver' s menu from the Wmdows' Control Panel. 

Figure5-23 

.... ~~l!~ ·-" '-" _{! 

,_s- 'lW-1... 00 -
t=,. l:a..,._... Id 

-o 

·-o--

C.....,.f2-l 

FROMSTANDARD 
ASCII Fll..E OR · -· 

WRITINGTO
STANDARD ASCII 

Fn..E 

ASCIT or text files are prepared with a text editor or word 
processor and saved unfgrmatted. This type of file con
tains only the printable ASCll characters and the few 
control codes needed for minim.al formatting, such as 
carriage retums and linefeeds. 

ASen files in the GWW system serve in two ways: 

l. To save most of the information from the GWW data 
base interna! format in separa te files that can be ed
ited, modified, and input back into the GWW system . 

2. To provide externa! connection with other data base 
. formats su eh as dBase IV, FoxPro, Clipper, etc. There 
is no direct import of other data base formats into the . 
GWW system. However, every data base package 
can, if programmed, export information in ASCTI file 
forma t. This information, modified to be compatible, 
can then be imported into the GWW system. 

S-17 
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What can you save from the GWW interna! files and 
structures in an ASCII output file? 

Here is a list of information that can be taken out of the 
GWW system or that can be directly written from within 
the GWW into ASCIT files. 

l. pata struCtUres. such as Master Data structure file, 
wlúch is reproduced in Appendix B. 

2. Entry forros. such as Chemistry application entry 
form, wlú~ is also reproduced in Appendix C. 

3. Reporting forros. such as Well Log reporting form, 
wlúch is reproduced in Appendix C. 

4. Master data for all wells that make working se t. When .. 
yo u select to read the data from a standard ASCll in
put file the dialogue box as shown in Figure 5-24 will 
open prompting yo u for the name. of the file.· The 

Figure5-24 

data toa standard ASCIT 
file. Again you will be 
prompted for the file 
name. After the ·transfer 
is completed there will 
be a message displayed 

same kind of the dia
logue box will be dis
played, as shown in 
Figure 5-25, when you 
decide to write master 

Number at rr:cords 1n c.'\gwd\rad.aac 
13 

Figure 5-25 

showing how many wells have been written to the 
ASCTI ouqmt file. This should be a good practice to 
b~ck up the information entered into the GWW sys
tem by creating output ASCIT files, which then can be 
used as input files in the case something goes wrong. · 
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-5. Chemical data for all wells that make working set. 
Comments that apply for master data are valid here 
too. Every piece of information referring to the 
chenúcal part of the data oase will be copied to the 
A5Cll file. Constituents will be transferred in parts 
per núllion (ppm) or equivalents per million ( epm) 
depending on in which units they were disp!ayed 
when y_ou have se!ected to copy them to the ASCII 
file. 

6. Water leve! measwements data will be saved as one 
ASCII file for all wells. This file will contain all gen
eral data identifying wells and all measurements. 

_ The format of su eh a file is very strict, to make it con
sistent with the output format of hydrograph data 
files from the United Nations Ground Water Soft
ware Version..One. You must not modify this format 
if you wish the GWW software to correctly input the 
information. 

' 
7. Pumping test data will be saved on the file-for-single-

test basis. This is to say that each pumping test will 
be saved in its own data file. Actually the file will 
contain-three columns, one with time, another with 
drawdown or leve! measurements, and the third one 
with pumping rates. An example of-a pumping test 
data file is also presented in Appendix D. 

8.-we)J log data will be saved in an ASCII file on the 
file-for-sing!e-well basis, that is one data file for each 
we!l. Only lithological data, including depth ínter
vals, codes and description of lithologic units will be 
saved. Again, the output ASCII file format for lithol
ogy is made consistent with the Version One of the 
U.N. Ground Water software. 

9. In Well Log application there are two more informa
tion files that can be saved as ASCII files: codes, sym
bols and textual description of materials filling 
annular space of a well, see Figure 5-26, and cedes, 
symbols, and default description of lithologic ~ts a 
weJ.l had been drilled through. These are spedfic in
formation files and will be discussed in Chapter 10. 
Well Logs and Uthology. 

10. In Mapping application almost every component of 
a map can be saved asan ASCII file. For exam pie, you 
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~asing 

~creen 

Concrete Block 

Hei¡ht 

Figure5-26 

COMMON ROUTINES 

Vertcal 

may create a line by directly digitizing on the screen 
and save this lineas an ASCII file. Or you may use 
your digitizing tablet, crea te a line and save it in an 

-ASCII file, which, then, may be used to input the in
formation into the_ GJ"'W system. More than one line 
can be saved as one ASCIT file. Each line is termi- ,-
nated with r characters on a separa te file line. 

In such files the format of data input is free; entries are 
separated by one or more spaces or a comma followed 
by a space. You may type the information anywhere on 
the line following the above convention. 

You may save an entire grid m an ASCIT file, using the 
option on the grid submenu as shown in Figure 5-27. The 
grid, which is actúally a gridded model, assodates a nu
meric value with every node of the model network. This 
value can be land surface elevation for the grid model of 
the ground surface, a water leve! elevation, total dis
solved solids, a content of a constituent, or anything 
from your data base that has a numeric value associated 
with the location of a point (that is, with X and Y coordi
nates). Such files can be used as input data files to mod
eling software such as MODFLOW, U.N. GWMOD, etc-



5-21 

CHAPTERS CO:MMON ROUTINES. 

You may save areas and random points. This last data 
file is the basis for creating contour maps. One example 
of a random data file is presen!ed in Appenclix D. 

As before, this file is written in the free forma t. The col
- umns have the following meaning: X coordina te, Y coor

dina te, gro un~ surface elevation, and well identification. 

The attractive possibility is to create an ASCll file with 
four such col
umns of num
bers and char
acters, and 
input it into the 

_GWW for fur
ther process-

-mg: creating a __ . 
map, making 
contours, add
ing color ínter
vals to the 
map, ·cntd 
printing the 
map. 

lhA text file 
with the text to 
appear on a 
map can also 
be saved as an 
ASCTI file, Fig
ure 5-28. The 

FigureS-27 

text will be identified with all attributes required for · 
fonts, colors, alignment, angle od plotting, etc. 

136 
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FigureS-28 

Addjtional Notes on ASCII Files 

(a) The format of ASCIT input_and ASCll output files is 
identical. In other words, what you save asan ASCIT 
output file from within the GWW system, you may 
use asan ASCIT input file to the same or another data 
base created with the GWW program. 

(b) You may edit ASCIT files created by the GWW pro
gram, but in some files it is important to keep the 
same data format, while in other files it is not. 

(e) When the GWW program saves data in an ASCIT file, __ _ 
it may add underscore characters to fill some gaps in 
the information. It is important to keep these charac
ters in the files in order for the GWW to read them 
correctly. 

(d) M?.Ster data and Chemistry applications will create a 
very specific first line in the ASCIT output file. They 
will gst all entries according to field names from the 
data structure and place these field names within an
gular brackets. The program expects to find these 
same entries in numeric form in the lines that follow. 

[31 
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With this convention, the program interprets the nu
meric data entry and relates it to well identification and 
chemical constituents. You may edit this just like any 
other ASCII file, but exercise some caution. 

5.6. CREATING- The RandomModel is an option which is built into every 
RANDOM MODELS- application of the GWW package and which prepares 

data for creªt:ing contour maps. You may create a ran
dom model, and consequently a contour map, of ~ 
numeric pilrameter.in the data base which is assodated 
with the location óf wells, that is with X and Y coordi
na tes. 

5-23 

The option Make Random is located on the menu bar in 
every application. When invoked, a dialogue box will 
open offering you to choose from the list of space-distrib
uted parameters. The list will contain only parameters 
spedfied for this application, plus parametersrrom mas
ter data application. Thus if the Make Randa m option is 
invoked from the Chemistry application, the list will 
contain all chemical parameters, total dissolved solids, 
hardness, alkalinity, conductivity, even pH, plus X, Y, Z 
and eventually Zm (elevation of measuring point). 

This is a very attractive option, since in using it you may 
create a contour map of every parameter of interest. For 
example, if in the Chemistry application you have en
tered toiuene as a data base item you may crea te a tal u
ene content contour map, showing toluene in ppm or in 
epm. Of course this option, coupled with select Working 
Set option described earlier, makes possible the creation 
of a location map showing only wells in which toluene 
has been detected and add toluene content cc,ntours to 
suchamap. 

·t. > • 

' The Make Rando~.option is different in thl: Hy-
drographs application in the sense that there you are 
prompted for a certain date for which you wish water 
level measurements to be taken ( or interpolated if miss-
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ing on thaf date). Once 
you supply the date 
(month, day, year) the 
rest is the same as in 
other parts of_ the pro
gram. 

One example is shown in 
. Eigures 5-29 and 5-30. 

W he n Make Random 
option is activated from 
the Chemistry -applica
tion, the display 1ist is as 
shown in Figure 5-29. 
Notice the side bar since 
the 1ist is toqjong to fill 
one screen length. When, 
in this example, the_TDS 
(total dissol ved solids) 

COMMON ROUTINES 

FigureS-29 

parameter is selected, the program scans all wells and . 
sample~reads X and Y coordina tes and prompts yo u for . 
fue. random point file 
name as shown in 
Figure 5-30. By de-

_!ault you will be of
fered the name of 
selected parameter 
which you may con
firm or change. 

The random point file 
is an interna! file 
which is used then in 
the Mapping applica
tion for creating vari
ous thematic maps. 

jtos 

FigureS-30 

There, its content may be savdj asan ASCII file. As dis
cussed earlier in this Chapter, such an ASCII file will 
have four colurnns, with X and Y coordina tes in the first 
two colurnns, the TDS values in the third, and well iden
tification name in the fourth colurnn. 

13"1 
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5.7. EDITING A In severa! applications you may be editing input data in 
T ABLE AND ____ atable. These applications are: pumping test, step-draw-

ATTEMPTING TO down test, grain size curve, and hydrographs. If you. 
ESCAPE WITIIOUT open a table with the measurement data and attempt to 

COMPLETING activate another option, such as display or fit while still 

5-25 

EDITING in the editing mode, there will be an error or warning 
message as shown in Figure 5-31. You may then either 
cancell this attempted operation, save data before the 
operation is exe-

' . 

cuted, or exit the-
table without sav-
ing_~e newly ed
ited data. ~ You are ~9 measurement data 

VF Save or édt data befare this operabon. 
or 

cancel this operabon 

Figure5-31 

1"16 



CHAPI"ERS COMMON ROUI'INES 

This page intentionally left blank. 

.·-

5-26 

(I// 



CHAPTER6 

6.1. GENERAL 
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MASTER DATA APPLICATION 

The Master Data applicationlSThe heart of the whole 
system. Every well, entered from any application, ends 
up in the ~er Data application. It serves a kind of 
housekeeping for the informati_on that is shared among 
applications.-

The Master Data application is int_E!_nded for entering 
gen~ al inforination for -wells,--water points, and,/ or 
water samples. This information is generally the follow· 
ing: 

• Well identification, which can be any combina ti en of 
characters and numOers, up to the size specified by 
you (or the program's default) in the file structure 
too l. 

e_X_anc! Y coordinates that uniquely locate a well, a 
water point and/ ora ~pie. 

• Z coordina te, or ground surface elevation, or an ele
vation of any other point on the well that has been 
surveyed, measured or taken from a map. 

• Coordinate of water leve! measuring point such as 
top of casing, top of concrete block, etc. 

• Name or location, other names for a well, and the 
like. 

• State, region, province, country, or a county; one, 
more than one, or all of these.- --

• Owner of well. 

• Year of construction. 

• Relationship of the well to: river basin, hydrologic 
unit, aquifer system, municipal water supply 
scheme, landfill monitoring system, irrigation sys
tem, etc. 



6.2. RELATIONSHIP 
BETWEEN MASTER 

DATA ANO OTHER 
APPLICATIONS . 
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• Use of well. 

• Equipment installed. --

• Number of the topographic map to which the well 
belongs. · 

One especially convenient en!zy would be one character 
.code {Yes or No) specifying additional information 
about this well For example, if you want to ha ve a quick 
overview of all wells in the data base that ha ve a water 
level motútoring record, you may add a field into the 
Master data structure which will prompt you to enter 
either Y (for Y es) or N (for No). The name of the field may 
be as follows: Water Level Data Available? This code can 
then be used to reduce the data base to a working set of 
wells for which a water level record exists. Thus without 
switching to the Hydrographs application you may ere
ate a map showing locations and names ofall water level 
recording wells. 

siinilii!íy; you may want to have a coded field for lithol
ogy, chemistry, pumping tests, etc. 

Depending on what you have entered on Entry Forms 
for other applications, some of the information from the 
Master Data part of the data base will be copied to other 
application's entry forms. For example, you may have 
selected to.have on Entry Form for Chemistry the coor
dina tes and location/description of wells. If this infor
mation is typed in the Master Data application, the same 
information will be directly copied to Chemistry Entry 
Form as soon as you type the Well Identification name 
within the Chemistry application of a well that exists in 
the Master Data application. 

Converse! y, if you are satisfied with entering general in
formation for a well consisting only of its coordinates 
and elevations, leaving the field on its location, local 
name, or description blank, you may enter this informa-

-~--¡.'L 7 ,., 
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tion under the Chemistry application and it will be cop
ied to the Master Data application next time you work 
withit 

You may begin inputting data in any application, not 
necessarily in the Master Data application. WheD you 
have finished, you may switch...to the Master Data and 
notice that .all wells that you entered in the other appli
cation will_be found in the Master Data application as 
well. 1bis is the relational aspect of the data base. 

The screen display--Of the Master Data application may 
loo k as shown in- Figure 6-1. The left window contains 
the list of all wells that are currently in the data base. 

•se-• 
~ . ., 
P.HO 
P.152 -

1
~ .. , 
~ ... 
~ .. , 
~ .. . 
~ .. . 
~ ... 
~m 

~m 
~ .. 

1
~ . ., 
~ ... 
~ ... 
~·· ls ,..,, ,..,, 
!:E 
¡::; ,_, 
1~15 .... 

- - · . Master Data · · _ - :: 

Figure 6-1 

Please note, however, that only the wells that you have 
selected as the Working Set will be listed. The program 
remembers what you left last time you worked with the 
data base. If you closed the data base working with a 
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-reduced Working Set, that is what you will find next time 
you open the data base. 

Most of the screen is occupied with the Master Data En
try Form. As you type the iiiformation. you can move 
from one field to another using either TAB key orEN
TER Remember that information is not saved unless you 
press TAB orENTER One entire well is saved only if yo u 
answer all prompts (fields) on the Form, or if you press 
the PAGE OOWN key. As soon as you press the PAGE 
OOWN key, you will notice that the identification num
ber of the well will appear in the welllist window. 

- To move forward in the form use the TAB kev. To move 
oackward use the SHIFT+TAB key !=Ombiilation. To 
move from one well to another u.Se PAGEUP or PAGE-

----ooWN. Alternativelyto finish entering information for 
a well, press PAGEOOWN or PAGEUP. One well on the 
list of wells window becomes highlighted. Now yoU: 
may use arrow keys to move up or down. To selecta well 
you may always click with the mouse on its name in the 
list. 

6.4. OPTIONS ON 
THE MENU BAR. 

6.4.1. Data Submenu The following options are available on the Data sub
menu: 

6·4 

Select Working Set. This is explained in Chapter 5, sec
tion 5.3. 

Delete Record. This is used to delete an entire record 
from the data base. However, deleting a well from the 
Master Data application will not delete this well from the 

. data base, if the same well is used in some other applica
tion. Remember this is a relational data base. The infor
ma ti en abo-..:t the well is still written to another 
applkation's :Jase and transferred to the Master Data ap
plication for housekeeping. If you wish to eliminate a 
well complete! y the best way is to delete it from applica-

JLIS 
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6.4.3. Report 
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·'tions other than the Master Data. When it disappears 
from all applications, only then you shoy.ld delete it from 
the Master Data. 

· Select Entry Form. You may have more than one Entry 
.Form in your dat¡i base. Prior to inputting data you 
_should select an Entry Form. When you activa te this op
tion a dialQgUe box with all available entry form names 
will be displayed for you to choose from. 

Standard ASOI Input This is explained in Chapter 5, 
section 5.5. It is used to import data from other pro
gr~, such as dBase N, provided they are saved as a 
standard ASCIT file and that they follow the GWW. con
vention of input Using this option you may enter many 

-wells at once without using the Entry Form. 

Standard ASOI Output. This is also explained in Chap
-rer 5, section 5.5. It is mainly used to back up your data 

base. 

· · Printer Setup. This is explained in Chapter 5, section 5.4. 
It is a standard Wmdows routine which displays the dia
logue box of the printer driver that you have selected to 
be the default printer in Control Panel of the Wmdows 
MainMenu. 

Exil Selecting this optioñ or pressing ALT +F4 will termí
nate the work in the Master Data application and return 
you to the GWW main menu. 

Units are discussed in Chapter 5, section 5.2. 

The following options are available on the Data sub
menu: 

• Print Report · 

• Select Table Form 

• Select Record Form 

·- -

Pf6 



·. 

6-6 

CHAPI'ER6 - MASTER DATA APPUCATION 

- There is a line separating the Print Report option from 
the rest. ln-the Master Data application, and in most 
other applications, you may want to print the informa
tion for ea eh well on separa te page5, or group all the in
formation for all the wells on one or more pages. The first 
option would be printing a record. and the second print
inga~. 

Grouped information may be printed in a table like the 
one shown in Figure 6-2. An individual record for a well 
may beprinted in a record-form as shown in Figure 6-3. __ 
Both of these forms can be designed using Tools on the 
Main menu bar, and selecting Report Forms Editor_as ' 

- . 
=petHfij@ Fonn Editar r~cw.,..., 

fonn New F1cJd ~· 2Ptiaq; Jjclp 

Coordiutes 

• 
Well General Data • Coonllnates 

WeUI*m __ X Y ' Z 211 {{ 
~------,_~~---+--------~~~~---4-; 

-- --

Figure6-2 

explained in Chapter 3. 

The nc-rmal procedure in printing a report would be to 
choose between one of options: Select Table Form or Se
lect Rec-r.rd Form, and then select Print Report. For ex
ample the reportas displayed in Figure 6-2 was printed 
using the following sequence: 

l. Report. 

.-
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Eenn Ncw Ae)d ~bl*s Qpt¡ns J:tciJI 

Sttnd•nt 

Master Data 
¡¡¡.~ 

r,_,.---... ~-:·:·t-·.~~~.,~,.."':~""··:·:~--",.~,....: ~..,:~"'"~"";~,...:-:·:"";L'w""~~~.,.-~.,.:~"'~""·:~""-:~~,.,~i~"';~,...;~--~;;,...Z;T"':-~""~,..:,~""~ . ~ - '•< 

Figure6-3 

2. Select Table Form. The dialogue box opened suggest
ing oruyone reporting form with the default name 
Coordinates (this is a pre-programmed part of the 
GWW.OOO template). 

3. The name Coordinates was double clicked. 

4. Print Report option was then selected. 

_ 6.4.4. Make Random This option is d.iscussed in Chapter 5, section 5.6. It is one 
of the most important options provided by the GWW 
system. Normally you would want to produce a location 
map showing a1l wells contained in the data base. To do 
this, actívate the Make Random option, select Z, the 
land surface coordinate,'if available for a1l welb, or any 
other distributed numerical parameter that may ,be 
known for a1l wells (such as X or Y coordina te), and ;::re
ate a random model. (Random Model is a misnomer in this 
early stage of the discussion. Using this option you only 
create a ffie which contains random points and theÍr X 
and Y coordinates, well identification and a space-de-

6-7 
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pendent numerical parameter. Only in the Mapping ap
plication you will create a gridded model from these ran
dom points.) 

6.4.5. Load Map This opti.on, which is disrussed in Chapter 5, sub'section 
5.3.2, is also one of the most important features of the 
GWWsystem. It perrilits you to reduce a large set of 
wells to a smaller set by directly selecting from the map. 

6.4.6. Help -- This is a context-sensitive help which contains most of 
the explanations, procedures and routines that are appli

-o.ble to the Master Data application. 

6-8 

-- NOTE. Carefully evaluate what you will store in the Master 
Data application. When you backup any application, say 

· chemisti-y; al/ data entries coming from that application plus 
from the Master Data applicatian will be copied to an ASCII 
file. The ASCII backup for chemistry TnilY become unnecessar
ily HloadedH with injorrruztion from the--Master Data applica
tion if you keep in the Iatter too =y en tries. 

On the other hand, well logs application will not backup data 
en tries which have not been foreseen by the programmer. For 
example, even if you prepare data entry fields su eh as elevation 
of a stratigraphic unit, or thickness of another unit, etc., the 
option Write to STD ASCII File will not copy this injDTTn!ltion -· 
toan ASCII file. If this injoTTn!ltion is Tnilintained in the Mas
ter Data application, it will be backed up in and ASCII file. 

6.5. WARNING Try to keep the number of fieid entries within the Master 
Application toa minimum. TI..isisbecause all Master en
tries will be copied to every other application's ASCIT 
backup file. For example, backing up the Chemistry;you 
will copy not only cations and anions, and all other 
chemical constituents, but also all Master data. 
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7.1. GENERAL 

7 .2. MAIN MENU 

7-1 

BAR AND MAJOR 
OPTIONS 

In the Chemistry application you can do the following: 

l.Create the chemical portien of the Ground Water Infor
mationSystem (GWIS). 

2.Display ón the ~ the following diagrams: STIFF, 
PIPER. WILCOX and SCHOELLER. 

3.Report chemical data in tables and graphs. 

4.Add a location map to your reports. 

S.Prepare data for contourin¡i create intemal files with 
random points to be used in the Mapping application for 
gridding and contouring. 

.. 
The main menu bar for the Chemistry application is 
shown in Figure 7-1. The screen is composed of three 
parts: 

· . Chemislry fdgWdltest2 

1 Wellldent 

ldelld1lcat!on Data 

j 0escriP1Jon 

Figure 7-1 

l. Menu bar with major options. 

2. Well Identification window on the left, with the list of 
a11 wells/samples. 
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3. Entry Form for data in-
put or editing .. 

The list of wells is en- -
larged in Figure 7-2. You · 
may move and.resize this 
window using Wmdo.ws
option for moving and 
resizing windows. With a 
farge number of samples 
in the ~ta base you may 
need to use the.-Side slide 
bar to select a sample of 
interest. -

The Entry Form is a de
fault form prepared by the 
programmer. Yoil may se
lect one of your- own 

Figure 7-2 

forms with constituents other than the ones shown in 

lderdftcetin n .... 
........... 

J ==~ W.ll 1D Lo~ uq P•llD 
1 

.... 
1 

~DOl& 

c. ... ... K • • 
13.23 20.30 19.7? 1.17 

'*' HC03 C03 SO< o 
l!t.11J 24. .30 o.os 4.ZS 

NC3 N02 ___ PO< • e 

S.C2 lOS -- - ""-
2111.00 270.00 

pH c...-•n-8.30 ..... ¡¡~ Mcns ¡a..-.c:e Emr % 
o. 7961!1 3.22 3.09 4.09 

Figure 7-3 
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Figure 7-3. The_Entry Form is also a window. You may 
move this window and resize it if you wish to place it on 
a more convenient place on the screen. -

Note. By default, the Entry Form is set to accept dllta as parts 
per million (ppm). If you prejer to input epm go to Options 
jirst and click on Show EPM Values. 

Selecting the option 
DKTA from the 
menu bar will bring 

the pop-down sub- _ t~~~~~====~Ctr~I-D~ menu as shown in-
Figure 7-4. By now 
you should know 
the function and 
use of each of these 
commands.~ostof 

it was explained in 
Chapter 5. 

Standard ASCII ]nput 
Standard ~en .Qutput 
Old lo Std. ASCII !;_onversion 

Printer Sellrp 

Figure 7-4 

The only command that has not been mentioned is Old 
to Std. ASOI Conversion. This is a routine which con
verts the chemical data base created using the United 
Nations Ground Water Software package (UN/GW, or 
Version One of the U.N. Ground Water software). With 
this option, numerous chemical data bases created with 
Version One can easil y be transferred into the GWW soft
ware. 

Yo u should be careful in selecting this option. It works in 
conjunction with the option Standard ASCII Input. First, 
you should convert from your old UN/GW data base 
into an ASCII file using Old to Std. ASCII Conversion, 

··-. 
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7.4.1. StiffDiagram 
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then you should read this ASCn file using Standard AS
ar Input. However, remember that chemical data may 
come as parts per million (ppm) or equivalents per mil
lion (epm). On the menu bar-of the Chemistry applica
tion you will notice Options next to Reports. There you 
must select option_5how EPM Values since the option 
Old to Std. ASCll Conversion will always create an AS
ar file-Wi.th constituents in epm. 

As shown in Figure 7:-5, the 
Chemistry...A}2Plication cur
rently has the following dia-
grams: . 

• af~er .g~gram or trilinear 

• wufo~alli-airr¡rm or irriga-
~~n.~ tyUlllgram. • Diagram. __ 

• SCHOELLER Diagram. 

Wilcox Diagram ·· 
.Stiff Diagram 

er 

Figure 7-5 

In addition to the explanation '--
that follows in this Chapter, Chapter 16 Custornization 
explains how to cusfurnize ea eh of these diagrams, both 
for display and for print. Under the custornization you 
will be able to select colors for each part of the diagram, 
select fonts (family and size), and select colors of labels. 
You will also have a chance to replace the words selected 
by the programmer with your own, in English or in any 
other language. -

The STIFF Diagram is named after H.A. Stiff, Jr. This is a 
single sample graph displaying graphically major cat
ions and major anions. On the screen you will see only . 
the graph but on the reporting form you may have a11 
constituents (major, minor, rare, trace, contaminants, 
etc.) printed in a table, plus you may have a smallloca-
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tion map showing the relative position ofthe well being 
displayed. One example of the screen display of the 
STIFF diagram is shown in Figure 7-6. 

' . ' • 

Figure 7-6 

7.4.2. Piper Diagram Named after A.M. Piper, the trilinear diagram presents 
graphically a group of analyses on the same plot. Figure 
7-7 displays the upper part of the diagram, while Figure 
7-8 displays the lower part with identification of 
wells/ samples. The numbers on the left, 1 through 9 and 
letter A are codes that appear on the diagram itself. Next 
to these are well or sample identification names. You 
may display on one Piper Diagram as many samples as 
you wish, but the display list with sa,mple identification 
may become crowded or may go beyond the page for
mat: TI;~ number of samples you may actually display . 
will depend on the report format you have selected, and 
on the ÍIJnt size you selected for printing the identifica
tion. Wíth fonts as small as 8 points you may safely dis
play and print up to 40 samples, aligned vertically in 
four columns containing 10 samples each. (If you select 
a larger font for labeling, fewer samples will be dis-

7-5 
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played.) Of course, you may always use larger paper or 
use landscape orientation. 
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7.4.3. Wilcox Diagram WILCOX Diagram is named after Wllcox from the U.S. 
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Department of Agriculture. This diagram is used in 
studying the suitability of water for irrigation purposes. 
High content of exchangeable sodium is highly undesir

.able for agriculture, as is the high total dissolved solids 
content, expressed as conductivity of water. An example 
of a screen display of the Wllcox diagram is shown in 
Figure 7-9. 

~ 
; 
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7.4.4. Schoeller 
Diagram 

7.5. TABLES 
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Figure 7-9 

l'fte SCHOELLER Diagram, named after professor 
Schoeller, is a group diagram displayingTi) the total con
centrations of major cations and anions in both ppm and 
epm, and (2) the relative water composition for many 
samples. Because of the graphical limitations of lines 
(solid, dashed, dashed dotted, and dots on the line) it is 
not advisable to display more than 10 samples on one 
Schoeller diagram. Read also section 7.6. Options. One 
example is shown in Figure 7-10. 

Yo u may report or print data from the chemical data base 
in tables. Two table forms are iesigned by the GWW pro
grammer as defaults for reporting major cations and ma-
jor anions in (1) equivalents per million (epm), (2) parts 
per million (ppm). Their default names are Tableepm 

!S6 
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and Tableppm. Both are set to report in the landscape 
orientation. 

You may also design your own table reporting forrns se
lecting any constituent and/ or parameter that you-may 
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Figure 7-10 

have in the data base. However, be careful in selecting 
the units ofreporting. In the GWW system chemical con--
stituents have simple chemical names such as Ca for cal
dum, N03 for nitra tes, etc. If d.isplayed like this they will 
be reported as equivalent per millions. To distinguish 
epm from ppm for the same constituent, the GWW sys
tem adds ppm after the parameter name. For example 
Ca will be caldum in epm, but Cappm will be caldum in 

· ppm. '::Ju may place either or both on the same table 
form. One such reporting form is reproduced in Appen
dix C. For advanced users of the GWW software, addi
tional explanation of format and attributes is given in 
Appendix C. 

{51-
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-
When activated, the ·re-_ 
port option displays a 
pop-down submenu as 
shown in Figure 7-11. 
There is a difference in se- . 
le9lng to print using one 
of the four commands 

_ listed in the upper rectan
gle. When thes.e__print 

--eommands are activated, 
the program will assume 

---ulat you want to use 
standard printing or re-

··- porting forms. You will 

CHEMISTRY APPUCATION 

S... Plper Diog""" 
S.w Wilr:ax Diagr~ni 
S... Sil!! Diogrom 
SIYt Sd!aellet Oiag~m 

Priatll{orting Ser 
Priat j¡roUJl 
PriatBeconiDIII 

Figure 7-11 

not be prompted to select a reporting form, as you will 
be if you select one of the lowermost four options. Also 
the program will print only samples-tn the working 
group in the case of group diagrams (in upper rectangle). 

For example to print a STIFF diagram, you should select 
the sample you want to print by moving the cursor 
within the sample list on the left, or by using Page Up or 
PageDown if you are in the Entry Form window. Once 
you select the sample you have two options: 

l. Select Print Stiff Diagram on the Reports menu. The 
standard reporting form will be used. 

2. Se!ect Print Recorq.~ata. The dialogue box -,vili offer 
you all available'r.epórting forms for the STIFF dia
grams. Select one of these and the program will ;-:>rint 
it accordingly. ·. ~ 

Using the commands from the lower rectangle permits 
you to select (a) the diagram to print, (b) the reporting 
form for that diagram, (e) the table formfor all ora group 

~ -
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of constituents in the base, and (d) one of nonstandard 
reporting forms intended for mixing _graphics using 
more than ene application. 

lf you select Print Working Set, all forms designed by 
you or by the GWW programmer will be listed in a dia
logue box, permitting-you to choose from any of them:
Fór example the list will include, by default, the dia
grams such as Piper, W!lcox, and Schoeller, plus any 
other table form or alternative designs of diagrams that 
you may have created. Yoú should be careful, however, 
not to select Print Working Set for a Piper diagram if you 
have more than 30 samples in the set. Likewise, it is rec
ommended not to print more than 10 samples on a 
Schoeller diagram. In these cases, you are advised to use 
the command Print Group. The options Print Working · 
Set and Print Group·are identical e:x;cept for the content 
of reporting. 

You may also save any graphics tbat js cuuently djs
played. Depending on which type of graphics is dis
played you will use Save Piper, Save Wilcox, S ave Stiff, 
or Save Schoeller Di.agt:am. GWW will then open a dia
logue box prompting you for the name of the drawing 
and for its dimension. You may print such a saved draw
ing using the Print Nonstandard Report option from 
this or another application. 

The GWW software uses a special externa! file to convert 
between ppm and epm values.!his is a simple ASCII 
file, named by default PPM"!:'C>EPM.TBL, the partial con
tent of which is shown below and its full content in Ap
pendixD. 

• Ca 
• Mg 
• Na 
• K 
• Fe 

0.04990 
0.08224 
0.04350 

0.02558 
0.05372 
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• Mn 0.03640 
• HC03 0.01639 
• C03 0.03333 
• 504 0.02082 
• o 0.02820 
• N03 0.01613 
• P04 0.03159 
• Si02 0.27750 

Note. You may add more con
stituents and their conversion 
factors. The ppm values when 
multiplied by these factors con-
vert to epm values. 

Depending on what you have 
-currently on your display, you 
-may switch between ppm and 

epm at any time. The sub
menu with these options is · 
!!hown in Figure 7-12. 

Set Schoeller Range 

Figure 7-12 

Set M~Balance Error is another option which permits 
you to override the default built in the ·program. STIFF 
and PIPER diagrams will not calculate and display if 
there is an imbalance between sum of cations and sum of 
aruons. By default the maximum permissible "irnbal
ance" is set at 10%, but you may assign your own crite
rion using this option. When invoked, the dialogue box 
will be displayed as shown in Figure 7-13. 

.. 

Enter miiXimum cations-anions balance 
error("' 

lii!J 

Figure 7-13 
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Set Schoeller Range is the option which permits you to 
change the vertical scale of the Schoeller diagram. By de
fault, the range is set from 0.1 to 400 epm. The upper 
values are suffictent to display the sea water salinity, but 
are too high for an ordinary ground water sample. You 
will probably want to reduce the upper limit to sorne 30 
epm, and a1so reduce the lower limit to 0.01 to display 
the smaJ.lest concentrations. ·When invoked this com
mand first prompts you to set the minimum value for 
Schoeller diagram,-as shown in Figure 7-14, and then to 
enter the IllllXin}um value for the same diagram. · 

Enter minimum value value for Schoeller 
dla gra m IEPMJ 

The Map option per
mits you to select 
wells or samples di
rectly from the map. 
The submenu for Map 
is shown in Figure 7-
15. You may create 

Figure 7-14 

Malee Data .!!roup trom Map 
Select Set from 

Figure 7-15 

one or more maps showing locations of all or ~elected 
wells, water points or samples using the option Make 
Random, then the Mapping application in wfuch y:Ju ac
tually crea te a _map. 

To select wells directly from a map yo u should follow the 
sequence: 

,·· 

161 
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l. Select Data on the menu bar. 

2. Choose Select Working S el 

3. Click on Unselect AII to remove all wells from the 
selection lisl 

4. Click on OK. 

5. Select Map on the menu bar. 

6. Select Load Map and select one of existing maps, the 
names ofwhich will be listed in the dialogue box. 

7. Depending onwhat you want to create a working 
group or a wórking set, select one of options Make 

-Data Group from Map or Make Working Set from 
Map. 

8. Use one of methods-for selection of wells from the 
map: area, points, or rectangle. If you choose the op
tion Selectl'oints you must terminate the sel~ction 
clicking on the button End Points. If yol!._ choose se
lect Area you must terminate the selection clicking 
on End Area. Do not forget to clase the area by select
ing End Point. The option Select In Rectangle auto
matically clases the operation of selection. Notice 
that selected wells are listed in the selection window 
on the left side. 

9. Select Data. 

10. Select Make Data Group or Select Working Set, de
. pending on what you have decided to create. You 

will notice that al! the wells that were selected from 
the map are still displayed on the left part of the win
dow under "Unselected Item". Confirm the selection 
by clicking on Select All. 

11. Click on O K. 

This option is explained in Chapter 5, section 5.6. In the 
chemistry application you may create random models 
for every chemical parameter, every constituent, for total 
dissolved solids, alkalinity, hardness, pH values, for to-
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tal anions oi: eations, for sodium absorption ratio, or, in 
short, for every space-dependent item which has a nu
merical value. This in tum permits yo u to crea te a con
tour map for every such parameter. 

When this option is .imrok&rthe 
dialogue box, like the one shown 

_in Figure 7-16, will be displayed. 
The box lists all space-distributed 
parameters from the chemistry 
application and-the master data 
application. When you select a 
parametei of which you wish to 
create a random point interna! 
file, all wells or samples in the cur
rent working .. set will be scanned 
and included into the random 

IFR='a~n=:d=om==='Mdl;-:;=. ;o;Va=n:=. a~bl;:=e'il 

Ca ¡;;; 
t.4g ¡¡¡ -
Na ~'; 
¡e; ;¡ 
Fe :)~ 
Mn ,;·: 

:,.· 

HC03 ii 
C03 ;, 
S04 ' 

~-<;' Cl ,,, 

:g~ ~ 
Figure 7-16 

points file, provided they have X and Y coordina tes. 

The final option on the menu bar is Help. This is a con
- text-sensitive Wmdows-written help which explains al

most everything explained in this manual. 

This is Example number three. The first task is to create 
a new data base with the following constituents in the 
base: .. · 

··.-~ 

• TDS 
• pH 
• Conductivity 
• Toluene 
• Phenol 
• Benzene 
• !ron 

163 
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The sec:ond task.is to transfer the following data into the 
base: 

-- • Well Identification- MW-1 
• Description- Monitoring Well at Farmland Landfill- · 
• TDS = 466 ppm . 
• pH =8.2 .. 
• Conductivity·= 412 micromhos per cm at 25°C 
• Toluene = 4.'5 ppm -
• Phenol = 2.4 ppm 
• Benzene = 2.3 ppm 
• Iron = 2.4 ppm 

. You must follow the steps: 

1. Greate a new data file structure. 
' 

2_:_ Create a new .entry form. 

3. Type data into the entry form and the data base. 

1. Start GWW and select New GWW Data Base. 

2. Give the base the name FARMLAND.GWW. 

3. Select Tools. 

4. Select Data Structure Design. 

5. Select File. 

6. Select Old. 

7. Select Chemistry. 

8. Move the cursor to Ca and click on the button Delete. 

'J. R-~peat with all constituents, deleting one by one. Re-
tain only Well Ident, Fe (Iron), TDS (Total dissolved 
:-·:Jlids), pH, and Conductivity. What remalns may 
look as shown in Figure 7-17. 

10. Click on New. 
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Figure 7-17 

11. In the dialogue box type Toluene in New Field. Re
place the default ffeld length of 10 with 6. Click on 
Numenc:-Replace the default number of decimal 
digits (~) with munber 3. Click on OK. Notice that 
Toluene has been added to list of constituents ori. the 
last line. 

12. Do the same for Benzene. Click 'on New, type Ben· 
zene for Field Name, 6 for Field length. Select Nu· 
merical for Data Type, and change 2 with 3 for 
Number of Decimal Digits. Clic!5_<;m O K. 

13. Do the same for Phenol. The list of constituents 
should look as shown in Figure 7·18. 

14. Click on OK. The-changes are automatically recorded 
in your new data base. 

15. Click on File, then on Exit. 

l. Select Tools. 

2. Select Data Entry Forms Editor. 

3. Select Chemistry. 

4. Select Fonit. 

5. Select New. 

ltS 
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Figure 7-18 

-· 

6. Select first New Field;·Header, and type EXAMPLE 
THREE ... New Chemical Data Ba.se. Enhance this 
field by addirtg border, changing fonts and other at· 

-mhutes. -:-

7. Click on Well ldent from the list on the left side. See 
where the field is placed on the form. Move if you 
wish to another place. Change the default size, add 
border, change font to 12 or 14.points, boldface. 

s: · Click on Description. Change attributes if you wish. 

9. Click on pH, then on TDS, then on Conductivity. 
Continue by selecting Toluene, Benzene, and finally 
Phenol. The formmay look as showninFigure 7-19. 

10. When satisfied with the content and layout, click on 
Form, followed by Save As ... Confirm by double 
clicking on Standard. 

11. Click on Form, and on Exil 

l. Select Applications. 

2. Select Chemistry. 

3. Select Data menu. 

4. Select New Entry Form, and double click on Stand· 
ard. 
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EXAMP1.E THReE. Farmlond Fadllly Chellllc:al Dala Base 

IWdlldtDt 1 .. 

0 ::ll·ptiDQ 

!'' ¡ms-¡_ lc:onm.c-y 
1 

¡~ ' ! 
,T ...... ¡- ¡- 1 

Figure 7-19 

5. Start typing, MW-1 in the Well Identification field, 
followed by TAB. Continue with the description 
field, then with other fields. Always end a field with 
the TAB key. When finished, press PAGE DOWN. 
The cursor is now in the blank Well ldent field, wait
ing for you to continue with another sample. If you 
press PAGE DOWN instead, or click with the mouse 
on MW-1 entry in the list of wellS7samples, the 
screen should look something like what is shown in 
Figure 7-20. 

6. To be sure that all common data are kept also in the 
Master Data application, close this application by se
lecting Data, and Exit. 

~ EXAMPLE THREE- Fannland Faclllty ChemicaJ Data Base 

Well ldent 1 
..... ¡ 

rDeoalption 

Monltoring W.ll on Farmland Fae1l1ty 

1 Fe 1 TtlS (ppm) 1 ConduCIMty 1 1 pH 
1_ 2.40 . 466.oo . 412.oo . L. __ ..::ec..!.2:::_0_J 

1 ~s~o~o~~~~~--

Figure 7-20 

!t-1 
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7. Select Application again, and click on· Ma5ter Data. 
Notice that the display contains only one well, MW-
1. The only irúormation shared between applications 
is Description. The display is as showninFigure 7-21. · 

This ends example number three. 

MEtMiiié* 

'" Master Data , 

Figure 7-21 

. -··' _, -
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CHAPTER EIGHT WELL LOGS & LITHOLOGY 
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8.1. GENERAL 

· Using theWell Log application qn the main menu bar of 
the GWW software you may do the following: 

l. Create a new welllog by entering drilling data 
_ (depths and lithologic description of drilled Iayers) 

and construction data (hole and casing diameters, 
screen position, materials filling annulus). 

2. Use the existing lithologic symbols for various li
. thologic members and/ or materials filling the annu

__ .lus or create new symbols directly oQ the screen. 

3. Display a welllog with its construction details on the 
screen. ·-

4. Createaiithologic data base which wilJ be used by 
other applications: the Cross Section, for creating li
thologic cross section; the Fence Diagrams, for creat
ing three-dimensional fence or block diagrams; and 

__!:he Mapping application for creating various ran
dom models and contour maps. 

5. Print a welllog, using a default reporting form or 
. forms that you created. 

Tiús application works in conjunction with three exter
na! ASCII files. One is named by default SCREEN.DLT, 
and for a new data base it must be contained in the GWW 
directory. It contains symbols for drawing a well screen 
and for painting both screen and blank casing. The other 
two·files are named LTIH.DLT and ANNULUS.DLT. The 
first file contains many pre-programmed lithologic sym
bols for displaying and printing various lithologic mem
bers. The second file contains severa! symbols that are
commonly used in displaying materials filling the annu
Jar.space between the drilled hole and well casing (such 
as conductor pipe, grave! pack, cement, clay, etc.). The 

~ -
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--- structure and details of these files are discussed in Ap-
pendixE. - -

As in any other application of the GWW system, you 
may enter "dedicated" data for wells using this applica
tion (lithology, construction details, materialsiilling the 
annulus, size of concrete blOck, etc.) and general data arr
a well using the Master data application (description, lo
cal nam:e, coordinates, elevations, etc.). 

The lithologic data and well construction, ii you wish so, __ 
that you enter in this application are used in the Cross 
Section and in Fence Diagrams applications. 

As shoWn in Figure 8-1, the majar options on the appli
cation's menu bar are the following: 

Figure 8-1 

• Data 
• Well Log Data (abbreviated to W.L.Data) 
• Display 
• Construction 
• Report 
• Lithologic Units (abbreviated to Lith.Units) 
• LoadMap 
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• Make Random 
• Help 

Ea eh of these options is explaine_c!_ in detail in this chap
ter. 

When the Well Log application is selected, the display 
· window co~ of three main parts: 

Menu bar on the top, in one or two lines depending on 
the screen resolution you are using (one line for 1024x768 
or 800x600; two lines for 640x480). 

List of wells on the left currently in_the working set, with 
the number of wells. The first number tells how many 

- wells are currently in the working set, and the second 
number tells the total number of wells in the lithologic 

-application of _the data base. 
- ' 

Er.try form with information on the first well on the list 
or-an empty form for a new data base. 

The Data submenu is shown in Figure 8-2. The following 
options are available: 

• Select Working Set. 
• Delete Record. 
• General Data Units. 
• Change Entry Form. 
• Standard ASCII Input. 
• Standard ASCII Output. 
• Printer Setup. 
• Exit. 

You use Select Working Set 
option in the same manner as 
with any other application. Its 
use is explained in Chapter 5, 

General Data Ynits 

Change EntJy Form 

Standard ASCII Input 
Standard ASCII Qutput 

Printcr Sctup 

SWL 

Figure8-2 
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Section 5.3. Its purpose is to reduce a large set with many 
wells toa smaller set of wells whlch may be selected for 
whlchever reason. 

The general data units option permits you to (a) check 
whlch units yo u are curren ti y using, and (b) modify any 
unit For additional instructions on selecting units, see 
Chapter-4, Section 4.5. · 

To delete a recor_d, ~o the following: 

l. Move the cursor to the well you wish to delete. 

-z. Se!ect Data on the application's menu bar. 

-s. Se!ect Delete Record, or hold down the CTRL key and 
pressDk~-

~ A warning will be Clisplayed giving you a chance to
__ . reconsider . 

. You may use the default entry form as displayed in Fig
ure8-l,or anyform that youmayhave createdfollowing 
the steps explained in Chapter~. To change the form: 

l. Select Data on the application's menu bar. 

2, Click on Change Enhy Form. 

3. Select the form name from the list displayed in the 
dialogue box whlch you wish to use as your entry 
form. 

4. Click on OK. 

You will notice that the new form has replaced the de
fault form. (This selection is done only for a new data 
base. The program remembers whlch entry form you 
have selected and will·display it next time you open the 
data base.) .,, .. 

The option Standard ASOI Input is used for input of 
more than one well. Thls is to say that you may input 
one, two, or as many wells as you wish from one ASCn 
fi!e.The ASCn file may contain lithology and depth in
tervals, coordina tes and elevations, construction details, 
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and static water leve! (SWL). If the file was created using 
the next option on the submenu, Standard ASOI Out· 
put, the file would contciin by default all wells in the cur· 
rent working set including not only lithology but also the 

.information on well.construction, such as hole and cas· 
ing diameters, screened intervals, and information on 
annulus. 

· - An ASCTI file with welllog information may look as fol
lows: 

WELL:P0-1 
X: 657900.00 
Y: 949000.00 
ELEV: 80.00 
ELEVM: 79.22 
UIH 

. 13.000 a.AY 
22.000 SANDF 
32.000Q.AY 
37.000SAND 
44.000 GRAVEL 
63.000 SANDM 
7l.OOOGWS 
90.000Q.AY 
101.000 SANO SAND MEDIUM GRAINED 
106.000 CLAY a.AYWITH SOME GRAVEL 
109.000CLAY 

HOLE: 
. 10.000 0.600 
55.000 0.400 
109.000 0200 

CASING: 
10.000 0.500 
55.000 0.300 
108.000 0.100 

SCREEN: 
15.VCO 20.000 
26.000 32.000 

ANNU!.üS: 
10.000 CEMENT 
55.000 CLAYH 

109.()()(){;WS 
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The option Standard ASOI Output is used to save data 
in standard ASCll files. The data saved will include, as 
mentioned earlier all wells ·in the current working set, 
depth intervals, lithologic description, coordinates and 
elevations, and construction data. The format is the same 
as in the example above. Por more detailed iñStructions 
on ASCII file read Chapt~Section 5.5. 

Jhe Printer Setup option is explained in Cha pter 5, Sec
tion 5.4. 

8.4.1. Editing Existing To edit depths and lithology data for a well that is al-

. ' 

8-6 

Data ready in the data base, do the following: 

__ 1--Select W.LData from the application's menu bar. The 
only available option on the submenu is Edit Log 
Data, as shown in' Ffgure 8-3. 

_2. Click Edit Log Data 
or press ENTER A 
table su eh as the one 
shown in Figure 8-4 
will be displayed. 
The table contains 
three columns. The 
first is Deptb. the lnsert Row CtrH 
second Lith. Unit. Delete Row 
and the third Cmxt 

;·:. ments. The depth 
value is the bottom 
of the !ayer de-
scribed in Lith. Unit FigureB-3 
column. The code in 
this col umn must be 
listed in the ASCII 
file which contains cedes, description and symbols 
for ea eh lithologic unit to be used in the data base. As 
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FigureB-4 

mentioned in 8.1., oñ.esuch file will be copied to the 
GWW directory under the filename LITH.DLT. Its 

_structure, symbol creé!_tion and color codes are ex
plained in Appendix E,. You need to know now that 
each code is unique, and that its name must be typed 
exactly the same as it is typed in the ASCII file con
taining codes. If the code for sand is entered in 
UIH.DLT file as SAND, in this table you must also 
type SAND. If you mistype;or simply forgot the 
code, the program will stop and wait for a correct 
code. Also, if you type depth intervals out of se
quence, the cursor will return to the wrong input. 
You will not be able to save the data unless you cor
rect the input. 

NOTE. Codes are case and content sensitive. 

3. You may edit depth intervals, codes for lithologic 
units, and comments. You will notice that for sorne 
layers (intervals of depth) there is no comment, while 
in others there is additional description of lithology 
in the Comment column. This is interpreted in the 
following way. Earh f)'.mbol in the file Ll1H.DLT is 
defined with a symbol name, which is the first word 
in the LITH.DLT file (O.AY, SILT), and a description 
which will show on the display and on the printed 
welllog. This is one or more words after the symbol 
name. You have the option to have the default de
scription of lithology typed on the welllog orto type 
something different and/ or expanded. If you decide 
not to type anything in the column Comment, the de-

116 
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fault desaiption of lithology will be used from the 
file LITII.DLT. If you decide to type anything in the 
Comment colUIIIII, the program will reproduce what 
you type and not the default. You may type long de
scriptions, but use backslash (\) as deli.miters. The 
number of characters or words you will be able to 
type within the column width will depend on what 
font sizé you have selected, and the width of the col
umn for the lithologic desaiption. 

4. For editing use keys TAB or ENTER to move to the 
next field, SHFT + TAB to return to the previous field, 
up and down arrows, or use the mouse cursor. 

-5. When you have finished editing, press the combina
tion CTRL+S to save 
and exit. Other combi
nations are ilisplayed in 
Figure_B-5. For example 
CTRL+I will insert a 
row, CTRL+D will de
lete a row. If you wish to 
exit without saving 
what you have just ed
ited, hold down the key 
CTRL and press the key 
X. 

-
When you are in the editing 
mode, you may click on 

W.L Onta 
~-.' ' • : •• ~o"'\. 

Il.ep1h Data 
Ihicl:ness DIIIB 
Depth/Thid. .!.!nits 

lnsert Row 
Delete Row 

.Sa~ Log Data 
Exi11<1o n 't save) 

Figure8-5 

Ctrl-l 
Ctri-D 

Ctri·S 
Ctri·X 

W.L.Data again. Now all options are available, as shown 
in Figure 8-5. Normally your data are entered as depths. 
You may select the option Thickness Data, and your 
data in the table that you are editing will be expressed as 
a thickness. The option Depth/Thick. Units allows you 
to change units for depths. When you select this option, 
tLe dialogue box will display a list of available units for 
length. Be careful, if you now select another unit, the 
depths currently in the data base will be multiplied by 
the corresponding conversion factor and expressed in 
new units. Make sure that this is what you wanted. 

/H 
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8.4.2. Creating a New To crea te a new welllog, the procedure is the following. 
Log 

8.5. LITHOLOGIC 
UNITS 

8-9 

l. In the Entry form type the new Well Identification 
name or number, using any com.bination of numbers 
and characters. Fill other ftelds with-information. If 
the Well Identification name already exists in your 
data base (it will exist if you have typed some infor
mation for this well either in the Master data appli
cation or in any other application), the program will 
automatically filljn the fields that already have infor
mation. Normally this would apply to X and Y coor
dina tes, ground surface elevation and well 
d.escription. - - · · 

2. Select W.L.Data and Edit Log Data. iype the data into 
-----the table. On the last liRe with information after you 

type a code for Uth. Unit, override the default de
scription by adding another in the column Comment, 
hold down the CTRL key and press S. 

We will stop here beca use yo u need to know more before 
you can create a log. 

On the screen and in the report, the GWW program dis
plays lithologic units as various symbols and colors. You 
do not need to add colors if you do not wish to print logs 
on a color printer. However you do_need to have one 
lithologic symbol for each lithologic unit. 

As mention~d before;'ili~~e symbols are contained in a 
special ASCII file, na_med for the GWW by dei.lult as 
LITH.DLT. You musftell the program, when you start 
creating a new da:ta base, this file's name and the path to 
find the file. This is accomplished using the option Lith. 
Units on the application's menu bar. 
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When this option is invoked you will be offered four 
choices, as shown in Figure ~= 

• Edit Lithological Unit • 

• Standard ASCII Input 

• Standard ASCII Output ~~~~~§§~~§ 
• Delete Lithological Unit -

Figure 8-6 

When creating a new data base you must start vvith the 
second option, Standard ASCIT Input. ]'he dialogue box 
will be displayed as shown in Figure 8-7 listing all files 
with extension .dlt (stands for ".define lithology") in your 

lithological Units Standard ASCII Input 

-Input file 

Alename: l:li!i=·=lli~----...l 
Diredory. C:\GWD 

Files: 

annulus.dlt 
lith.dlt 
screen.dlt 

Dlredories: 

[ .. ] 
f-ai 
[-b-1 
[-e-) 
[-d-J 
H-1 

li-fñ-t 

FigurcS-7 

lf,()K '1 
¡t~~i:e¡ 1 

current working directory. In the case disp!ayed there 
are three files with this extension: 

rn 
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ANNULUS.DLT, which contains severa! codes and 
symbols to be used for displaying materials filling the 
annular space; 

UTH.DLT, the main file with alllithologic units to be 
used in the data base; _ 

SCREEN.DLT, which contains two entries, one for 
screen and another for blank casirig. 

Ea eh of these filesis either completely or partially repro
duced in Appendix_E. Yo u may change the name Jor the 
first and second, but not for the third. The program looks 
for the file screen.dlt in the GWW directory. 

You may edit a -iithologic unit or you may add a new 
lithologic unit. To do this: 

l. Select Lith: Units on the 
menubar. 

2: SeTect Edit Lithological 
Unil 

The screen will display a 
list with al! currently avail
able lithologic units. This is 
shown in Figure 8-8. The 
list is read from the file 
UTI-i.DLT which was used 
at sorne point in creating 
this data base. The first on 
this list is New Lith. Unil 

'll'll:ltr • ..¡,, • .. -

Figure S-S 

Editing of existing lithologic units is shown in Figure 8-9 
for. a unit coded as CWIOS. The acronym is user-defin
able. In this case it stands for "Clay With Interbeds Qf 
Sand". You may use anything, but acronyms or codes 
should be easy to remember. For this unit the default de
scription that will be typed on the logis: CLAY with in- . 
terbeds of sand. You may modify this now, globally, for -

IBO 
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Figure8-9 

every occasion m which the cede CWIOS will be used. 
Or you may keep it as it is, but modify it la ter on an in

-ctividual basis using the Comment column in the Edit 
Log Data option. 

---¡:[gure 8-9 also shows tliat you may assign various color 
· ·attributes fo both lines and background. If either is se
lected, a standard Windows color palette will be dis
played from which you may select an appropriate color. 
Yo u may also edit the symbol itself by adding points and 
lines to the rectangle on the left. By moving small mark
ers up and down, or to the left or right, you may change 
the density of repetition of the symbol. 

These steps allow yo u to designe new symbols or modify 
the existing enes directly on the·screen. The steps neces
sary to do this by modifying the ASCll file LITH.DLT 
will be discussed in Appendix E. 

You may delete ene or more lithological units .. 1\s :;hown 
in Figure 8-6, you should select the last command on the 
menu, Delete Lithological Unit. The new dialogue !Jox as 
·shown in Figure 8-10 will open, with the list of all avail
able lithological units. Highlight ene or more of these 
units, as shown in Figure 8-11, and click on OK. The 
highllghted units will be removed from the list. 

J&( 
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__ FigureS-lO 

FigureS-U 

8-13 
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8.6. 
CONSTRUCTION 

DATA 
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On the application's 
menu bar the command 
Construction has the fol
lowing options, as shown 
in Figure 8-12: 

• Anrttilus 

• Hole 

• Casing 

• Screen 

• Constr. Units 

• Annulus Materials 

WELL LOGS & LITHOLOGY 

!;asing 
~creen 

Constr. !!nils 

Materials 

Figure8-12 

Titis last option branches into one of the three options, as 
shownin Figure 8-13: 

Annulus t.laterials Edil 
1 1 1 1 966800. o Standard ASCII !nput 

Standard ASCII ut 

Figure8-13 

• Edit 

• Standard ASCn Input 

• Standard ASCn Output 

NOTE. When editing existing data or entering new data (jor 
annulus, hole, casing, and screen), after typing the Iast entry 
do not press TAB or ENTER because this will open a new Iine 
which would remain blank. End input by holding down the 
CTRL key and pressing S ifor Save). If you do make a mistake, 
delete this blank line by holding down the CTRL key and press-
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ing D ifor Delete). Then use the cmn/Jinatian of the keys CTRL 
and S to save. · 

·Using this option, you can transfer the data on vapous 
materials which fill the 
space between the casing ...-----:S::-:RR=G-9~-_..,.An_n_u..,.lu_s __ 

and the hole, and sped.fy I;;,E~n~-~~~~~tAo~n@u~hi~si-> 
the-depth intervals for ¡:! 
each of these. The display 1--------.J'-----
willlook as shown in Fig-
ure 8-14, with two columns: 

Figure 8-14. 

• Ending Depth 

• Annulus 

In the columnAnnulus you should type the cede forma
terial filling the annular space (conductor, c_gment, clay 
seal, bentonite, gravel pack, grave!, sand, etc.). The cedes 
you select here must have been already entered into the 
data base usmg the last option on this pop-down menu, 
Annulus Materials. Again it is essential that yo u type the 
cedes in the same way they are typed in the file contain
ing their symbols, cedes, and descriptions. 1n the case 
aoove, this is the file ANNULUS.DLT. 

In the column Ending Depth, you should type the end 
of the interval filled with materials selected under the 
column Annulus. 

When you select this option and type the informatiori., 
the display may look as shown in Figure 8-15. 

P0-1 -Hole 

:EndÍJI!i·~friil DliimeteT lrai' ¡;!, 
10 . 61 ~ 
55 .4 !i· lO!l .2 &1 

Figure B-IS 
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Similar! y, selecting the option Casing ancf typing infor
mation the display may look_as shown in Figure 8-16. 

P0-1-

. Figure 8-16 

--For the screen you do not type the diameter. It is as
sumed to oé the casing diameter. You type the beginning 
and end of each screen section. The final display may 
look as shown in Figure 8-17. 

26 321 1----__..:::..:::..¡,:::!._ ___ _¡¡ , .. 

You may select dif
ferent units for 
length and for vari
ous diameters. The 
o·pbón for this is 
Constr.Units on the 
Construction menu, 
which branches into 
two .suboptions as 
shown in Figure 8-
18. 

FigureS-17 

FigureS-lB 
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__ If you wish the display and print to show the annular 
space filled with materials using symbols and colors, 

- plus the description, you must read in the standard AS
en file which contains these symbols. Remember that 
the GWW program looks for two separate ASCII files, 
one for lithology and another for annulus-filling materi
als. 

Yo u may display a welllog at any time. It may show only 
intervals of depth without any description and symbols. 
This will happen if you did not input the ASCTI file with 
codes, symbols and description ciflithology. It may dis
play intervals, lithologic symbols and description of 
units but without any construction details. This will hap
pen if you did input the lithology ASCIT file, but not con
struction details. It may display construction, 
annulus-filling materials, and lithology, as shown in Fig
ure 8-19, if you have al! assodated files in the data base 
and ha ve entered construction information. (The display 
will even show the height at scale of a concrete block on 
the surface.) 

To display a drilling and construction log of a well you 
should: 

l. Select, using cursor or up and down arrows, the well 
that you wish displayed. 

2. Select Display from th~ menu bar. 

The log ~ill be displayed without any further interven
tion. Once displayed, you may zoom a portien, or use 
the option Fit Wnd (Fit Wmdow). Notice that the hori-
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- figure 8-19 

zontal and vertical scale of a log will depend on what 
you have selected in your Entry form. Assuming that 
you are going to print using the USA letter format, that 
is 8.5xll inches, with the standard default form created 
by the programmer for the GWW package you will ha ve 
20 cm for the log. For a well100 m deep 1:500 would be 
an adequate scale. If you want to print a well about 200 
m deep youshould change the scale to 1:1000. Assuming 
a well was drilled with an iiútiaH:liameter between 0.2 
and 0.6 m, selecting 1:40 for the horizontal scale would 
.!i!ake· the log between 0.5 and 1.5 cm wide. Notice, how
ever, that the entire well log column will expand or 
stretr:h, depending on the horizontal scale you have se
lected, at the expense of other columns. If you have too 
much text to type in a narrow column (lithology or an
nulus), change fonts selected for typing. See Chapter 16 
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Customization Jor selecting fonts for the display and 
printout of a welllog. 

You may display static water leve/, or any water level on the · 
Iog. PrqJare your Entry fonn with the entry SWL. (You should 
have jirst • created" this ítem to be a part of thf! data base using 
the Data Structure Editor forLithology.) Remember to type 
the SWL as_ absolute elevation, not the depth to water table. 
This value will be subtracted from the measuring point eleva
tion (Zm) or Iand surface elevation.(Z) and displayed as a line 
with ínverse triangle in the column describíng lithology or 
well construétion. - · 

8.8. REPORT You may print a welllog using the option Repert frem 
the applicatien's Ínenu bar,. As shewn in Figure 8-20 you 
will have to select between twe reporting·optiens: 

• PrintLog 
• Print Table 

The eptien Print Log will print 
the log ef the well currently.se
lected. The option Print Table 
will print infermation, in a tabu
lar form, for a11 wells that com
prise the current werking set. 
The infermatien which will be 
printed will depend on what yo u 
ha ve declared in the repert ferm. 
When yeu select te print using 
ene of options in the upper twe 

Sde~ugfarm 

·Sde:!Ta~e Form 

DIIWing Oimcn~ian 

FigureB-20 

lines of the menu, the program will prompt yeu to select 
a reporting form. The n~xt twe lines of the mé-.u do-the 
same, except yeu must first select a reporting forrri and 
then decide to print ~y clicking on ene of the optioru; 
above. ·; 

The option Drawing Dimension is useful for deciding 
on vertical scale of a log. When activated, it prompts you 

' 
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. first for a reporting form, and then clisplays the length of 
the log and the number of pages it will be printed on. 

You may also save a welllog drawing for placing it on a 
nonstandard reporting form, eventually mixed with 
other graphics. For. this, you use Save Well Log Drawing 
option, followed by Print Nonstandard Report from this 
or another applicatiori. 

This option is explained in detall in Chapter 5, subsec
-·tion 5.3.2. It is usea tq select a working set, or wells to 
work with directly from a map. 

This routine is explained in more detall in Chapter 5, Sec
tion 5.6. The program will allow you to select any one of 
the space distributed numeric parameters available for 
this application, including sorne thannay ha ve no mean
ing for contouring (e.g., scales, size of concrete block, 
etc.). Likewise, the static and dynamic water leveis (SWL 
and DWL) may have no meaning if they were taken at 
different dates. 

You may decide to include for your project sorne pa- -· 
rameters that will define the thickness of a major aquifer, 
the elevation of its top or bottom, or the elevation of a 
major stratigraphic unit. With this information in the 
data base you may contour or place various elevation 
lines on lithologic crc::s s:::tions . 

With the data currently Íil the welllog part of the data 
base, the oruy parameten; that are space-dependent and 
ha ve numerical val u es are the ones shown in Figure 8-21 .. 
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_The final option on the 
menu bar is Help. This is a 
context-sensitive Windows
written help which explains 
almost every.thing ex
plained in this manuaL 

Random Mdl. Variable 
SWl 
DWL 
ConcrBioclcDx 
ConcrBioci:Dy 
ConcrBioclcH 
Above GS 
Ven.Scale 
Hor.Scale 
X 
y 
z .. 

ZM 

Figure 8-21 

As an example you will create a welllog for the follow
ing case: 

Uthology (in feet): 

0-10 Clay 
10-16 Sand fine grained 
16-22 Sand with grave! 
22-36 Clay 
36-48 Sand 
~55 ·_Silt 

Hole djameter: 
.. : 

0-10 12 inches 
10-55 6 inches 
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Casing diameter: 

0-10 6 inches 
10-55 3 inches 
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Screen set in two interva!s· 1 6-22 and 36-48 feet. 

The upper 10 feet are cemented, and the rest is filled with 
-grave! pack composed of sand and grave!. 

For lithology description and annulus-filling ASCTI files 
use the default files: LITH.DLT and ANNULUS.DLT. 

You will start by filling in the fie!ds in the Entry Forro. 
Give the name to the well MW-1. Select the vertical scale 
125. The horizontal sca!e is not important. The program 
uses its default. When this is done, continue as follows: 

l. Select Lith.Units. 

2. Se!ect Standard ASOI Input. 

:t._ Click-on the file name Lith.dlt in the \ GWW directory~ 

4. Select W.L.Data from the menu bar. 

5. Select Edit Log Data. 

6. Select again W.L.Data. The whole menu is now avail
able. 

7. Select Depthffhick.Units. 

8. Double-click on feet. Notice that the depth column in 
the table is now in feet. 

9. Type 10 and press TAB. 

lO.Type CLAY (with all upper-case letters). Press TAB. 

ll.Type 16, press TAB; type SANDF and press TAB. 

12.Type 22, press TAB; type GWS (acronym for grave! 
with sand), press TAB. 

13.Type 36, press TAB; type CLAY, press TAB. 

14.Type 48, press TAB; type SAND, press TAB. 
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-15.Type 55, press TAB; type SILT and do not press TAB. 
If you press it and there is a blank line for one more 
!ayer hold down the CTRL key and press D to delete ·
the line. The screen displays a table similar to the one 
shown in Figure 8-22. 

MW-1 

··. -~ i;U{f);lunit\ l¡f)\tr;;;t:::z/.ihié't:~'-":i·:;lComment 
lO CLAY -

l6 SANDF 

22 GWS 
36 CLAY 

48 SAND 
SS SILT 

FiguTe 8-22 

16.Hold down the CTRL key and press S to save the ta-
ble. 

17.Select Construction. 

18.Select-Annulus Materials. 

19.Select Standard ASOI Input. 

20. Select the file name ANNULUS.DLT from the GWW 
-directory. 

2l.Select Construction again and confirm Annulus 
(press ENTER). Notice that units are meters. 

22. With the table open, select Construction, then Con
struction Units. Double click on feet. Notice that the 
table displays feet units. 

23.Type 10 and press TAB, then type CE:MENT and press 
TAB. 

24.Type 55 and press TAB, then type GWS. The screen 
displays the table as shown in Figure 8-23. 

25.' Hold down the CTRL key and press S to save the 
data. 

26. Select Construction again and select Hole. The table 
opens but with metric units. Select Construction, 
then Construction Units and double click on feet. 
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FigureB-23 

27. Type 10 and press TAB, then type 1 (one foot) and 
pressTAB. 

· 28. Type 55 and press TAB, then type 0.5 (for 6 inches . 
expressed in feet). The table as sho~ in Figure 8-24 
is displayed. 

29. Hold .c:lown the CTRL key and press S to save the 
data. · 

1-----~ss::...J..:...sl~--~·~ 
.::r 

FigureB-24 

30. Select Construction again, then select Casing. Notice 
that units are meters. 

31. With the table open, select Construction, then Con
. struction Units, then double click on feet. N atice the 

change of units. -:- · · · 

. 32. Type 10, press TAB, type 0.5 (6 inches, in feet). 

33. Type 55, press TAB, type 0.25 (3 inches, in feet) .. The 
t~ble as shown in Figure 8-25 is displayed. 

34. Hold down the CTRL key and press S to save the 
data. · 

193 



~-

8-25 

CHAPrER8 WELL LOGS & LITHOLOGY 

-. 

MW-1 - casing 
1M&iih t 

10 
55 .25 

FigrueB-25 

.S ;;~ 

35. Select Construction again, then select Screen. Notice 
that units are meters. 

36. With the table open, select Construction, then Con
struction Units. Double click on feet. Notice that the 
table displa}'S..feet units. 

37. Type 16, press TAB, type 22, press TAB. 

~- Type 36, press TAB, type 48. The display is as shown 
in Figure 8-26. 

MW·l - Screen 

en 

FigrueB-26 

39. Hold down the CTRL key and press Sto save the 
data. 

Now that al! information for this well has been inputted, 
you may display the log. Select Display. Practice with 
Zoom ln, Zoom Out, and Fit Wnd (Fit to Wmdow). The 
!vg:rn.ay look on the screeh as shown in Figure 8~27 .. 

This <nds example four. 

r -



CHA.PrERS WELL LOGS & LITHOLOGY 

CLAY 

S6NDFme 

GRAVEL- sand 

Ga.loVIiL,.~IC CLAY 
... --.o ... --.. -24-•liiJ / 
CMIIIIP"'CC-......... --

• 
SANO 

" 

• SILT 

.· -

·. 

FigureS-27 

8-26. 
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CHAPTER NINE-- PUMPING _TEST APPLICATION 

9.1. _INTRODUCTION 

9.1.1. General 

9-1 

- - Using the Pumping Test applicatien from the main menu 
of the GWV\I__software you may do the following: 

l. Create a data base containing information about 
pumped wells, field test data (drawdowns, time, 
pumping rates). 

2. Interpret field data by fitting one of the theoretical 
curves for nonleaky aquifer, leaky aquifer, under 
confined or unconfined conditions, with fully or par
tially penetrating wells. 

3. Display the field data or fitted data on th_g screen or 
print them using one of three display options: 

(a) both time and drawdown coordinate axes are at 
logarithmic scale; 

(b) both time and drawdown coordinate axes are at 
linear scale; 

\e) time (absd.ssa) is at logarithmic scale, and draw
down (ordinate) is at linear scale. 

4. Print the results in one of the following forms: (a) table 
- form with general data on wells and hydrogeologic 

parameters, (b) table form with measured and fitted 
data for one well, and (e) standard reporting forms 
showing the pumping test data and fitted curve. 

5. Prepare the data on hydrogeological parameters for 
contouring. Normally you would like to produce a 
contour map of transmissivity, or prepare an input 
data file with transmis!'ivities and hydraulic conduc
tivities to be used for modeling. 
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9.1.2. Features OfThe 
Interpretation 

9-2 

Mode The program permits you to specify the following: 

• Aquifer may be confinecf or unconfined. If uncon
fined, the program adjusts drawdown data for de
crease in the transmissivity using the formula 
deriv:ed by Jacob: 

s' = s- (s2 /2m) 

where: 

s' = drawdown that would ·occw: in an equivalent non-
- !§!akyconfined aquifer; -

s = observed drawdown underwater-table (uncen- --
-----m'ted) conditions; 

m = initial saturated thickiless of aquifer. 

• Wells are expected to be fully penetrating but correc
tions for partial penetration-are included for the case 
of nonleaky aquifer. The program permits partial 
penetration of pumped or observation wells. In the 
case of partial penetration, you will be prompted for 
additional input, such as the depth to the top and 
bottom of a well screen from the top of aquifer in the 
pumped well, as well as the-same for an observation 
well. 

The program has four major curve fitting routines: 

(a) Theis, using the standard well function [W(u)] curve 
fitting method; 

(b) Jacob's approximation of the Theis solution; 

(e)' Hantush, using the standard leaky well function 
[W(u,r /B)] curve fitting method; 

(d) Recovery method. 

In al!_ cases the program does the fitting without prompt
ing you for initial guesses. (The initial guess is provided 
by first solving the Jacob's approximation equation and 
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pro-ducing the -approximate fit, and then solving the 
complete well function equation.) 

... The Jacob's method is an approximation to the solution 
provided by the much more involved Theis method 

- which is valid only when a certain condition is satisfied. 
This condition is contained in the size of the well func
tion's argument:·The argument u is defined as:_ 

u=?S/4Tt 

where r is the distance between pumped and observa
tion wells, t is the time of pumping, and T and S are aqui
fer -parameters transmissivity and· storage coefficient, 
respective! y. 

T.ffis-condition, expresseclas the well function's argu
ment u being less than about 0.01, implies that the dis
tance between pumping and observation well, r, should 
be small or the time of pumping large. For a certain range 
of the aquifer parameters, namely the transmissivity T 
and the storage coeffident S, this-condition will not be 
satisfied. For example, the Jacob's approximate solution 
will not be valid for the following set of values: 

2 . . 
r=SOO m; 5=0.10; T=SOO m 1 da y; t from 1 to 100 days. 

The pumping test does not need to be run with a per
fectly stable pumping rate. Pumping rate fluctuations 
are allowed and curve fitting will take them into account 
provided the history of pumping is known (exact rates 
and times of changing rates). Theoretically, the method 
can be used for the whole step-drawdown test as well. 

You may skip any test data from curve fitting. These 
points will still be s~o,wn on the screer: r.nd on the 
printed graph but with a different symbol and color. 

The data for a pumping test analysis normally ::onsist of 
four entries: 

• time-

• drawdown or depth to water from a measuring point 



9-4 

CHAPrER9 PUMPING TEST APPLICATION 

• pumping rate 

• option to skip the point from calculation 

Each data set must start with the initialline (row in the 
editing table) containing O (zero) for the time'-0 for the 
drawdown, and the initialpwpping rate. For example, if __ 
a well was pumped at 2500 m3 1 da y, and the drawdown 
after the first minute was 2.34 m, after the second minute 
3.21 m, etc., the data input must look as follows: 

T=e 
o 

DrawdowRate 
n . 
o ·2500 

Skip 

1 
2 

234-
321 

Hawever, you may type a positive value for the drawdown at 
time zero (raw-one) indicating that you wish the program to 
accept this as thi initial_static water level. This level is actually 
the depth to the water from the measuring powt (tap of casing, 
ground sU.rjace, tap of concrete block, etc.). Every other value 
in the second column ("drawdown" column) wil/ be ínter.- · 

--- preted as the depth to the water and the vertical axis on the 
pumping diP.grams will be _labeled accordingly. 

There is no need to repeat input of pumping ra tes as long 
as the rate is constant. Only when it changes, the change 
should be typed. 

In the case of thei:ecovery of water levels after the pump 
stopped discharging, the convention is the following: 

-

You must provide the history of pumping during the 
pumping stage, ending the pumping with the line con
taining the final time of puni.ping, and the final draw
down, and replacing l'"te pumping rate with O at the time 
pump was shut off. i•rom that time on, the time input 
mtist be in total time elapsed from the beginning of 
pumping, and not fron< the moment the recovery 
started. For example, if a well was Jjumped for 240 min
utes ata constant rate of 2500 m /day and the final 
drawdown was equal to 1.00 m, and then the pump was 

199 
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shut off and therecovery measured, the·data input must 
be the following: 

o 0.00 2500 
240 1.00 o 
241 0.89 
242 0.81 
243 0.76 
245 0.68 
247 0.64 .. 
250 056 
255 0.49 
260 0.45 
270 038 
280 0.34 
300 028 
320 024" 

"340 021 
380 0.17 
420 0.14 

(fhis is the example from D.K.Todd's book Graundwater 
Hydrology, 2nd edition, 1980, page 133. The manual 
matching produced the transnússivity equal to 1140-
m2 1 day, and this program 1162 m2 1 day.) 

With the Theis method for a nonleaky aquifer, the fitting 
method produces the values of transmissivity and stor
age coeffident. Using the Hantush method for a leaky 
aquifer, the fitting method produces the transrnissivity, 
the storage coeffident and the Jeakance or Jeakage coef
fident. While the physical meanings and interpretation 
of the transnússivity and storage coeffidents is well 
known and fully explained in any basic textbook on hy
srrogeology, the Jeakage. coeffident needs an expl ?.na
tion. ~ 

The Jeakance or Jeakage coeffident. defined as K' lb', 
where K' and b' are the hydraulic conductivity and 
thickness, respectively, of the senúconfining !ayer sepa
rating two aquifers, characterizes the amount of leakage. 
This coeffident is defined as the quantity of water that 

20() 
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flows across a unit area of the boundarjr between the 
main aquifer and its semiconfining bed, if the difference 
between the head in the main aquifer and that of the 
pended water supplying leakage is unity (De Wiest, Geo
hydrology, 1965, page 274). Usually the val u es of the leak
age coefficient are expressed in 1/time unit, that is in 
day·1, or se_é. Hantush reported values between 
4.8x10..s sec-1 to 10-10 sec"1 for an artesian basin in New 
Mexico, while Walton reported values from 3.5xl0"7 

sec"1 to 8x10"9 sec·~ for glacial drift deposits in Illinois . 
.. 

The recovery níethod will produce only the transmissiv
- ity coefficient Although it would be relatively easy to 

_report the storage coefficient as well, the programmers 
restricted the analysis to transmissivities follováng the 

__ classical approach to the recovery part of the test. 

-- In general we do not know beforehand whether an aqui
fer is leaky or nonleaky. You should try both methods, 
Theis and Hantush, and accept the ene which produces 
a better fit. The quality of fit is_printed as the Estimation 
Error entry. This is, in essence, the standard deviation 

Although the GWW package has its system of units in 
the file GWW.UNT, you may override the basic units in 
every part of the program. For the pumping test applica
tion this is more important than for other applications, 
beca use this application involves calculation of parame
ters which must be done in a consistent system of units. 
You should not be concemed with the consistency. The 
program takes care of this. But you must have control 
over your input data by knowing in which units you are 
actually transferring the da~a. Y.:lU must also specify in 
which units you wish to ha ve the results for the parame
ters. 

As you will soon notice, the program permits you to 
mod.ify general units and measurement units. The gen
eral units are the units for transmissivity and leakance, 
for average pumping rate to be reported on the form, 

20J 
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and · for various geometric input parameters in the case 
of partial penetration and unconfined aquifer. The meas
urement units are the units for time, drawdown and 

. _pumping rate. The units you select for measured data 
will be displayed in the editing table. The general units 
will not be displayed. on the screen, nor in reporting 
forms. Youmust be sure ofwhich units you ha ve selected 
and label them properly by modifying the default re
porting forms. 

As shown in Figure 9-1; the majar options on the appli
cation's menu bar are the following: 

• Data 

• Edit 

• Fit 

• Display 

• Report 

• Make Random 

• LoadMap 

• Help 

Wellldent 

PT-1 

Obs. Well D1stance -
Figure 9-1 

Average Pumpmg Ra 

2500. 0[ 
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Ea eh of these options, except options Make Random and 
Load Map, is explained in detall inthis Chapter. Malse 
Random is discussed in Chapter 5, Section 5.6; Load Map 
is discussed in Chapter 5, Section 5.32. 

When the Pump Test application is selected; the display 
window consists of threéliiiiln parts: --

• Menu bar on the top. 

• List of wells on the left currently comprising the 
working set, with two numbers at the top referring to 
the number óf tests in the curren~ working set and the 
total number of pumping tests in the data base. 

• Entry form with information on the first well on the 
list oran empty form for a new data base. 

Only certain fields on the entry form are available for 
input. These are Well Ident (or identification of a well), 
Description of the well, and Obs. Well Distance. In all but 
the recovery method, you will be reminded to input this 
parameter if you forget to do so before fitting. 

Other fields on the foJ111 are reserved for reporting the 
results, and you will not be permitted to modify them. 
These are the fields reporting the transmissivity, storage 

-éoefficient, leakance, estimation error, initial saturated 
thickness, and the fit method. 

NOTE. If you wish to keep in your data base transmissivity, 
storage coifficients, lealamce, hydraulic conductivities, etc. 
which you may modify or input without accepting the results 
from pumping tests, you must modify the data structure inter
na/ file (see Chapter 2) and reporting forms (see Chapter 3). 
However, be careful not to assign to these new en tries thesame 
field name as in the default structure. Remember that the de
fault field names are transmissivity, storage, leakance. If yrm 
wish to have double parameter for transmissivity, you may arld 
to the dllta structure TRANS, place this entry on your entry 
and reporting form, type the value that you wish to accept as 
the representative value for the transmissivity into this 
TRANS field in the entry form, in addition to the value PT2-
duced automatically by the test, and create the same field on a 

203 
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-new reporting ftmn in which the transmissivity as selected by 
you will be reported: This may becCJTTU! importan t if you wish 
to crt!llte a transmissivity con tour 11lilP by using pumping tests 
results for a certain number of wells, by using calcúlated 
transmissivities from grain size analyses, and by assigning 
'transmissivitieS on the basis oj Well performance OT mere/y the 
fithology. --

The Data submenu is shown 
in Figure 9~2. The following 
options are available: 

• Select Working Set. 

• Delete Record. 

• Select Entry Form. 

• General Data Units. 

• Print Setup. 

• Exit. 

Delete Record CtrHJ 

j¡elect Entry Fonn 

Data !!nits 

Print Setup 

Figure 9-2 

You use Select Working Set option in the same manner 
as--with any other application. Its use is explained in 
Chapter 5, Section 5.3. Its purpose is to reduce a large set 
with many wells to a smaller set of wells which may be 
selected for whichever reason. · 

To delete a record, do the following: 

l. M ove the cursor to the well you wish to delete. 

2. Select Data on the application's menu bar. 

3. Select Delete Record, or hold down the CTRL key and 
press D key. 

· 4. "A warning will be displayed giving you a chance to 
reconsider. · 

(' 



9-10 

CHA.PrER9 PUMPING TEST APPUCATION 

Yo u may use the default form as dis¡played in Figure 9-1, 
or any form that you may have created following the 
steps explained in Chapter 3. To change the form: 

l. Select Data on the applieation's menu bar. 

2. Clicl< on Select Entry Form. 

3. Select the form name which you wish to use as your 
entry fo_m:drom the list displayed in the dialogue 
box. 

- 4. CliCk on OK. 

As explained in Section 9.2., in the pumping test applica
tion it may-be-important to design another entry form 
which wollld give you an opportunity to type sorne ad
ditional values, such as for transmissivity, hydraulic con
ductivity, storage coefficient, leakance, conductivity of 
semi-confining bed, thickness of semiconfining bed, etc. 
These values may then be contoured or reported in a ta
ble. 

When activated, the option GeneralTiata Units displays 
a dialogue box such as 
shown in Figure 9-3. You 
may change units for every 
parameter that may appear 
in the calculation or on the 
entry or reporting form. Re
member that the slide bar 
on the right indicates that 
there are more entries than 
what is displayed. Most of 
these parameters will ap
pear on the entry and re
porting forms. When you 
select any of these parame-

!al 

Figure 9-3 

ters, you will be offered the full choice of units, all units 
that are specified in the GWW.UNT file for a particular 
type of units. 
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The Print Setup optionis explained in Chapter 5, Section 
5.4. . 

The submenu Edit looks as shown in Figure 9-4. To start, 
you should select or confirm the units of measurements 

Edil Measurements 
Standard ASCII Input 
Standard ASCII Qutput 

lnsert Row 
Delete Row 

Jiave Measurements 
~ (don't save) 

CtrH 
Ctri-D 

Figure94 

for a particular test. Wh.en you click on Measurements 
Units, the menu extends to three options: Time, Length, 
and Pumping Rate. The selection of units is the same as 
for the general data. When you select the option Edit 
Measurements the units that you have selected will be 
displayed in the editing table. This is shown in Figure 
9-6. 

Using the option Edit Attributes you may define your 
pumpiúg test and aquifer scenario. The display as 
shown in Figure 9-5 looks like this only if you click on 
Partial P~netration box and declare the test as a partial 
penetration setup. If you do not select Partial Penetration 
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box, the dis
play will offer 
only the Con
fined box. Ac
tually, the 
following com
binations are 
possible: 

(a) Confined 
aquifer box 
clicked. 
The box is 
"crossed ". 
Partía! 
penetration 

PUMPING TEST APPLICATION 

··················-···-··· ................ . 
;181 C.nfloed 

' loltiol SOl. Tbldonenj -- \m 
: : 

~;;:;:-~::~¡-------···wt;¡~,h~~l' 

mping Wen Ona. frDm Tap Df Aquikr

- tD Top al Saecn c=J m 

-· tD Bottom ot ~aecn c=J m 

Aqutter Tbictcness .. 
Figure 9-5 

box is not clicked (it is empty). No other input is re
quired. 

(b) Both the confined aquiier box and pa!jial penetration 
boxes are empty. The case is of an unconfined aquiier. 
You must type the value for Initial Saturated Thick-· 
ness. 

(e) Both confined aquiier box and partial penetration 
boxes are clicked. The display is as shown in Figure 
9-5. You do not fill the box for Initial Sat. Thickness, 
but you must fill in all boxes undemeath, depending 
on whether you ha ve measured data frorn the purnp
ing well or from observation well. 

(d) Confined aquiier box is not clicked (the case is of a 
unconfined aquifer). Partial penetration box is 
clicked. You must type the value for initial saturated 
thickness and all required information for partía! 
penetration. 

9.4.3. Edit When you select the Edit Measurements option, the edit 

9-12 

Measnrement:s . table is displayed. It may contam data as shown in Fig
ure 9-6, or it may be empty prompting you for input. No
tice the units displayed in the header. These are the units 
you have selected using the option Measurernents Units 
on the same rnenu. Notice also the first row of the data, 

201 



9.4.4.Standard ASCII 
Input 

9-13 

CHAPTER9 

with o for time 
and drawdown, 
and a value for 
pumping rate. 
You enter or edit . 
data using the · 
TAB key, ENTER, 
ormouse. 

NOTE. Remember 
that you must not 
press TAB or EN- _. 
TER when you fin- · 
ish typing of the 

-last data input. If 
you do a new line 

will automatically 

FUMPING TEST APPLICATION 

PT·l 

~~-

' ' 
' 
' 
' 

' 
' 
' 
' 

f-.-

be opened. Since it · Figure 9-6 
would be blank the 
fitting would fail. · 
For this not to hap-
pen the program will warn you to delete the line. To delete any 
line, including the Iast blank line, you hold down the CTRL 
key and simultaneously press D. 

You do not need to keep repeating the pumping rate 
value. Only if it changes should you type the new value. 
The "Skip" column allows you to eliminate sorne points 
from the calculation of the fit. Type * on the row you wish 
to e!iminate. 

You may input pumping test data from an ASCII file. 
This should be a standard A c;crr file, with time, draw
down, and pumping rate values separated by a comma 
or one or more spaces. The order of input is important: 
time, drawdown, pumping r~te. When you choose the 
option Standard ASCII File the box prompting yo u to se
lect a file will be displayed as shown in Figure 9-7. The 
program assumes that the extension of su eh files is .pmp, 
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but you may change 
this by typing your 
own wildcard combi· 
nation. 

The normal procedure 
in crea ting _a test seC 
would beto: 

l. Crea te a test well en· 
try by assigning 
well identification, 
typing in -descrip
tion, and typing_the. 
distan ce to observa· 
tion well. 

PUMPING TEST APPLICATION 

- /ilm l·k«&J 
- D,_oy t:\GWD ¡;¡;-··-;¡1 

FUec: DI~CIIIrics: 

Figure 9-7 

2. Se!ect Measurements Units for time, drawdown, and 
pumping rate. 

3. Select General Data Units. 

4. Set Edit Attributes for the test. 

5. Input standard ASCII file. 

This option provides for saving test data that you have 
entered from the keyboard or that you may ha ve edited. 
When used, you will be prompted for an ASCII file 
name. The data are saved in a format which may !ook as 
follows: 
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. 1.000 
2.000 
3.000 
5.000 
.10.000 
15.000 

. 20.000 
25.000 
30.000 
45.000 
50.000 
55.000 
60.000 
62.000 
64.000 
66.000 
68.00() 

.70.000... 
75.000 
80.000 
9(}.{)00-

uo.ooo 

0280 
1.040 
1.775 
2.956 
4.894 
6.142 
7.059 
8.158 
8.720 
9.346 
9.674 
9.967 
10.230 
10.119 
9.940 
9.826 
9.754 
9.707 
9.657 
9.658 
9.652 
U.151. 

500 

400 

The results of this te_st are interpreted in the following 
way. The well was pumped at a constant rate of 500 
m3 1 da y in the first 60 minutes. In the second hour the 
pumping was ata reduced rate of400 m3 /day. The test 
terminated after two hours of pumping. 

The GWW package contains four methods of fitting 
data: Theis, Jacob, Hantush, and 
Recovery. This is shown in Figure 
9-8. Yo u must not use the recovery 
method if the data are not pre
pared for the recovery. You may 
use either Theis or Hantush on 
the same set of data and see the 
difference in fitting. 

.Hantush Mcttlod. 
Method 

Figure 9-8 
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Ea eh of the methods workS initerations. The fitting starts 
with values of transmissivity and storage coefficient as _. 
initial guesses calculated using the Jacob's approxima
tion. Since the fit for the Theis method is a two-parame
ter iterative algorithm (transmissivity and storage 
coefficient), it is much faster than the HantUSh method 
which is a three-parameter algorithm (transmissivi~ 
storage coefficient, leakance ). If, on top of this, yo u select 
a parti.al penetration case, the processing may take sev
era! minutes on relatively fast computers (82486 running 
at33MHz). 

In rare cases it may happen that there will be no fit in a 
pre-specified number of iterations (set at 100). This will 
be the case when test data do not come close to theoreti
cal expectations of a normalleaky or nonleaky aquifer. 
However, if you notice at the first iteration that the esti
mation error is labeled with five or more asterisks, your 
data file is not correct. This will be the case if you ha ve 
not followed conventions as specified before, you have a 
blank line in the data file, or, in the case of the recovery 
method, you have not typed cumulative time. 

lf the fitting was OK; the results will be typed into the 
entryform. 

The display is used for (a) viewing field data before fit
ting, and (b) displaying the fit. 

You may wish to view the test data to check for errors in 
typing or measurements. Time data will be OK since the 
editor will wam if sorne input data lines are out of time 
sequence. But the drawdown data may be mistyped or 
behave erratically. In that case the fit will not make sense 
unless you modify the data. One of displays of field data 
is shown in Figure 9-9 before the fit. 

"Zll 
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Before accepting the results, you will wanLto see how 
data are fitted. After you select the option Display you 
are asked to select 
one of-three patterns 
(see Figure 9-10): 

• time at logarith
mic scale, draw
down a t linear 
sea! e; 

• time and draw
down at logarith
mic scale; 

Figure 9-10 

• time and drawdown at linear scé!l~ . 

. , Notice that the printout will always be in semilogarith
, mi e sea le. One of fitted semilogarithmic displays is 

shown in Figure 9-11 for the Hantush fitting method. 
Notice the differehce of display for points that have been 
skipped. On the color screen this is even more obvious. 
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1 llill 
11111 

1 
I 
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Figure9-11 

By selecting the Report option frorn the rnenu bar you 
rnay print the following: 

• Fit graph showing field or rneasured data and the fit
ted curve, alongwith results and other information 
that you selected to put on the report forrn. 

• A table for a single well displaying rneasured data, 
fitted data, the difference between the two, time, 
pumping rates, and any other parameter that yo u de
dded to put on the reporting form. 

• Atable for all wells rnaking the data base or working 
set displaying sorne general data such as wells' iden
tifications, descriptions, coordinates, eleYilti.ons, 
transmissivities, storage coeffidents, leakance, etc. 

The subrnenu for reporting is as shown in Figure 9-11.lf 
you select the upper option, Print Fit, the standard re
porting form will be used including sorne general infor
rnation about the well, test results, rnethods of fitting, 
and the diagrarn. This standard form, which is a part of 
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the data ba~ template 
GWW.OOO, is prepared 
for the following units: 

• Tr¡nsmissivity in 
m /day. __ 

• Drawdowns,_ aqui
fer thickness, dis
tances and 
geometry of ~es_t 
wellfield setup in. 
meters. 

• Tnne in minutes. 

• Leakance in day-1 . 

.--p-umping rate in m3 /day. 

Figure 9-12 

--you may need to modify this form for another set of 
units. [The modification is done using Tools from the 
main menu, followed by Report Forms Editor, then 
-Pumping Tests, and Single Record Form, File, Old, 
Standard form.] 

If you select the option Print Fit, you will not be 
prompted to select a reporting form. 

Similarly, using the option Print General Data Table the 
standard report form will be assumed, and you will not 
be given the chance to replace it with another form that 
you may ha ve created. 

The middle two options are used to first select a report
ing form, and second to print the form. Select Fit Form 
is intended to print a report that is prepared for a single 
well, and Select Table Form is intended to print a niport 
that is prepared for all wells in the working set. 

In the GWW.OOO template data base, three reporting 
forms ha ve beeri prepared by programmers to report fit
ted data, When you select the option Select Fit Form you 
will be asked to choose from the list of forms as shown 
in Figure 9-13. The 'PartialPenetration' form refers toa 
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pre-designed form 
which reports ail in
formation about the 
test setup. The 
Standard form 
should be used for 
fully penetratin 
wells. It will report 
.either Theis, Han-

PUMPING TEST APPLICATION 

Figure 9-13 

tush, or recovery methods depending ort the fitting 
method-selected. This form is prepared with metric 
units. Modify if if you wish to ~ another system of 
units. 

The Table form will report the single well test data in 
columns with_time intervals, measured and fitted draw
downs, drawdown differences, purp.ping rates etc. One 
column will also show whether a point was skipped or 
included into the fit. 

For each type of reporting, whether for single test or for 
ail testen wells, you may create more than one reportfui 
form. When you create such forms using Report Form 
Editor from the Tools·menu, you should save them using 
Save As .. option, and assign an intemal file name. When 

-the Select Fit Form or Select Table Form option is in
voked, ail these forms will be listed for you to choose 
from. 

Yo u may use the option Select Diagram Type to print the 
test data using one of three types, as shown in Figure 
9-12. 

Save Diagram is used to save the curre~tly displayed 
diagram for printing using the Nonstandard Report op
tion. As in other applieations, you will be prompted to 
save the graph under a name, and to decide on the dia
gram size. 

9.8. MAKE RANDOM This routine is explained in more details in Chapter _2, 
Section 5.6. The program will allow Y~l:l to select any one 
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- of space distributed numeric parameters available for. 
this application, including some that may ha ve no mean- ·
ing for contouring (such as e.g. average pumping rate, 
geometrical parameters referring to the position of 
pumping and observation well screens, etc.). Normally 

· what you will want to prepare for contouring ·will in
: elude transmissivity, hydraulic conductivity (if you de
cide to keep this parameter indata base), saturated 
thickness Of aquifer, etc. You should exercise caution in 
what to contour. Hydrogeolo_gical parameters such as 
storage coefficient, specific yield, and leakance are usu-

. ally known at occasional points within a large ground 
water system, It would make more sen.Se to assign differ
ent zones with distinct values of such parameters, rather 

- than smoothly changing 
_contour lines implying 

changes at every point. 
The random variable of
fering may look as 
shown in Figure 9-14. 

LOAD MAP This option is explained -
in details in Chapter 5, 
subsection 5.3.2. It is 
used to select a working 
set, or individual wells to 
work with, directly from 
amap. 

Figure 9-14 

·9.10. HELP 

This is·éontext-sensitive:ori-line help which guides you 
through various options and procedures. 

2.../'.1; 
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In thls example you will crea te-a pumping test entry, use 
the editor, fit the Theis curve to data, display the test and 
print results. The test data_are taken from DeWiest!s 
book Geohydrology, 1965, page 264-266. The author as
sumes that this test is a good example of a nonleaky aqui
fer. The example is as follows: 

A com¡:iletely penetrating well is pumped at a constant 
-- rate of 500 gpm. Drawdowns during the pumping pe

riod are measured in an observation well150 ft from the 
pumped well, at times varying from 2 min to 6 hr. They 
are recorded-irt-the table below. 

Tune Drawdown Pumping 
Rate 

(min) (ft) (gpm 
{) -o 500 
2 1.2 
3 1.9 
4 2.45 
5 2.9 
6 335 
7 3.65 
8- 4.1 
10 4.6 
14 5.5 
18 6.15 
24 7 
30 7.75 
40 8.5 
50 9 
60 9.5 
80 10.05 
120 103 
180 lOS 

240 10.65 
360 10.8 

·The procedure is as follows. 
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l. From the main menu bar in the GWW select Appli-
cations. · 

2. Select Pumping Tests. 

3. Select Data, and click on General Data Units. When 
the window Change Units f~r ... is displayed elide on 
Distance, confirm with OK and select feet, then click 
on AvgPRate, again OK and select gpm, then click on 
Duration and select minutes. Click on Transmissiv
ity and select gpd/ ft. Select Standard Error and select 

. feet. Click on OK to return to the Data menu. 

4. Type DW-1 in the Well Ident field, press TAB; type 
- Example from DeWiest's book, 1965, p.264-266 in the 

· Description field, press TAB; type 150 in the Distance 
- , field; press TAB. 

5. Notice that the well list contains the well number 
DW-1. Click with mouse on DW-1 in the welllist win
dow. 

_6. Select Edit, followed by Measurements Units. Click 
on Time and select minutes. Repeat the procedure 
(Edit, Measurements Units) and select Drawdown. 
Click on feet. Repeat once again, select Pum ping rate 
and select gpm. 

· 7. Go once again to Edit and select Edit Attributes to 
confirm that the Confined Aquifer box is crossed (if 
not click inside the box), and that Partial Penetration 
box is empty. 

8. From Edit menu select Edit Measurements. Check 
that the time is in min, drawdown in ft, and pumping 
rate in gpm. 

9. Start typing. Type O in Time colurnn, press TAB, type 
O in Drawdown column, press TAB; type 500 in 
Pumping Rate colurnn, press TAB twice. The cursor 
should be in first colilliU:t of the line two. 

10. Type 2 in Time colurnn, press TAB; type 1.2 in Draw
down colurnn, press TAB; press TAB twice to move 
to the line 3.-Type 3, press TAB; type 1.9, press TAB; 
press TAB twice more to move to the next time in
tervaJ. 

--· 

.T 
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11. Type 4, pre5s TAB; type 2.45; press TAB three times. 
IJW.l 

12. Keep typing until 
the last line, type 360 
in Time column, 
press TAB; type 10.8 
in Drawdown col
unm. Stop heni. The 
screen should dis-

~ 
o 500 ~'"" 

- · pla)' as shown in 
Figure 9-15. Instead 
of pressing TAB 
save the table by 
holding down the 
CTRL key and 
pressing S (for save). 

-

3 

360 ln.l 

,. 

' ' 
' l5 , 

75 

9 

' 5 
10 

1[ 

10. 

-

·-

13. You are back in the 
application's main 
menu. Select Dis- · 
play to look.at what 
you just typed. Se-
le.ct_Log-Lin Dia- Figure9-15 
gram. The screen's 
display should look as shown in Figure 9-16. 

' 
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-14. Oick on Oose on the right side to remove the dis
play. 

15. Select Fit, followed by Theis Method. Wait until the 
results are displayed. The screen should look as 
shown in Figure 9-17. Notice the results: 

Welldent -Obs. Well OtStanu 

Figure9-17 

• Transmissivity = 27,175.74 gpd/ft 

• Storage coeffident =0.000295 

• Estimate Error = 0.67 ft. 

16. Select Display. Select Log-Lin Diagram. The fitted 
curve is as shown in Figure 9-18. Not too good! 

17. Print results by selecting Report and Print Fit. 

18. Check whether this may be a leaky aquiier case. First 
remove the diagram from the display by clicking on 
Close. 

' 
19. Select Fit followed by Hantush method. Wait until 

the processmg is finished and notice the resu!ts: 

• Transrnissivity: 16,177.67 gpd/ft 

• Storage coeffident = 0.00043 

• Leakance = 0.006161/day 



t ! 
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• 
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Figure9-18 

• Error estima te = 0.14 ft --

. ~ 

1 

' 1 

1 

1 

• • 1 

20. Look at the fit. Select Display, followed by Log-Lin 
Diagram. The display is as shown in Figure 9-19. No
tice that the fit is much better. Yo u do not need to loo k 
at the display. The comparison of Error estimates is 
suffident to tell you whlch method fits better. 

Finally compare the results from the book with these re
sults. Transmissivity in the book is equal to 20,500 
gpd/ft, storage coefficient is equal to 0.000315. While 
storage coeffidents are of about the same order of mag
nitude, the "nonleaky" transmissivity is overestimated 
for about 26%. It appears that the aquifer is less transmis
sive, but a portion of pumperl water is supplied from 
leakage. 

Thls ends the example. 

.~ 

~· 
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CHAPTER TEN - HYDROGRAPHS APPLICATION 

10.1.INTRODUCTION 

10.1.1. General 

10.2. MAIN MENU 
BAR 

10.2.1. Components 
oftbe 

10-1 

· Hydrograph 
Ap;>lication 

UsingtheHydrographsapplicationfromthemainmenu 
of the GWW software you may do the following: 

l. Create a data base containing information about 
water levels in observation,monitoring or pumping 
wells. -

2. Switch between water·Ievels in absolute elevations -
and depth to water table from a measuring point. 

3. Display measured water level data for the whole or a 
selected period of observation. Connect all water 
level points in the data base or select E- "connection" 
span, leaving "unconnected" points as random 
points on the hydrograph. 

4. Print the results in hydrograph forms with general 
datª on wells as a header and one or more graphs -
and location maps. -

S. Interpolate· water levels, or depths to water table, for 
any date within the period of observation. Prepare 
water level (or depth to water) data for contouring. 

6. Prepare water level (elevation) lines to be displayed 
on hydrogeological cross sections. 

As shown in Figure 10-1, the major options on the appli
cation's menu bar are the following: 

• Data 
• W.Levels (abbreviated Water Levels) 
• Display 
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- ·• Hydro~raphs IC\qwd\1es11 9""""1 

o- l!l!. ,_,, o;¡ploy flopott Wob a-- a.-d Mop -- llclp 

WdJ ldeat 

-· 
--Fig¡=J0-1 

• Report 
• Make Random 
• LoadMap 
• lnterpolation·-

• Help 

Ea eh of these options, except options Make Random and 
Load Map, is explained in detail inl:his Chapter. Make 
Random is discussed in Chapter 5, Section 5.6; Load 
Map is discussed in Chapter 5, Section 5.3.2. 

When the Hydrograph application is selected the dis
play window consists of three main parts: 

• Menu bar on the top. 
• Ust of wells on the left currently included in the 

working set, with two numbers at the top referring to 
the number of such wells making the current work
ing set and the total number of wells with water leve! 
records in the data base. 

• Entry form with inforrnation on the first well on the 
list or an empty form for a new data base. 

.. 

If you are creating a new data base with observa
tion/monitoring wells, the left window will be empty, 
and the number of wells will be zero. This is the case as 



10.2.2. Entry Fonn 

10.3. 

DATA 

1 0.3.1. Options on the 
DataMenu 

10-3 

.CHAPI'ER 10 HYDROGRAPHS 

shciwn in Figure 10-1. Figure 10-2 displays a case with 
many wells already in the data base. 

I~&IS='~:~·I'AI!k:é=-llllllllll·~u~s•~···~·l~~i!h; 
De. ~·'--*' DIDI-r 8eJioll ..._a.... u•M" ~--- bn1o 

665000.00 II'Cimng 9SBODO. OD I
GRu'\:: SF E~r"> 

1!3. 3: ··- ...... '"""'·,. '·"""'' ........ . 

Figure 10-2 

In the Entry Form as shown in Figure 10-1 and 10-2 yo u 
may type the input into all or selected fields. The only 
field specific to this application is 'Aquifer'. All other 
fields are copied from the Master data structure and 
Master data application._However, you may decide to 
type coordinates and elevations in this entry form and 
not in the entry form of the 
Master data application. It is 
up to you to decide which ap
plication to use for information 
that is "exchanged" between 
applications. 

The Data menu is shown in 
ure 10-3. The following options 
are available: 

Jielect Entry Form 

General Data ~nits 
:Worting Time lnterval 

Standard ASCII Jnput 
Standard ASCII J)utput 

Print Setup 

Figure 10-3 



10.3.2.- Select Working 
Set 

1 0.3.3. Delete Record 

1 0.3.4. Select Entry 
Form 
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• Select Working Set. 
• Delete Record. 
• Select Entry Form. 
• General Data Units. 
• Working Tlme Interval. 
• Standard ASCll Input-
• Standard ASCll Output. _ 
• Priitt Setup . 
• Exit. 

You use Sélect Working Set option in the same manner 
as in any other application. Its use is explained in Chap
ter 5, Section 5.3. lts purpose is to reduce a Iarge set with 
many wells to-a smaller set of wells which may be se-
lected for whichever reason. · : 

To delete a record you wili do the following: 

l. Move the cursor to. the well you wish to delete. 

2. Select Data on the application's menu bar. 

3. Select Delete Record, or hold down the C1RL key and 
press Dkey. 

4. A warning wili be ctisplayed giving you a chance to 
reconsider. 

You may use the default form as displayed in Figure 10-
1, or any form that you may have created following the 
steps explained in Chapter 3. To change the form: 

l. Select Data on the application's menu bar. 

2. Click on Sélect Entry Form. 



1 0.3.5. General Data 
Units 
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3. Select the form 
name which you 
wish to use as 
your entry form 
from the list dis
played in the

-dialogue box as 
shown in Figure 
10-4. -

4. Click on OK. 
-

In the Hydrographs 
application it may 

HYDROGRAPHS 

- fniJy Fonn 

Sclcd aa. Eatry Fon:a 

!~:>,>,)

l':<:encei J 

jcií<í= j 

be desirable to de- Figure 104 
-sign another entry 

form with informa-
-tion other than m the standard form. For example, you 

may wish to identify a well either as :an observation, 
monitoring or production well. This information may be 
kept in the Master data application or in the Hy-

. drographs application. You may use this information to __ 
selecta worl<ing set orto display one type of well onto a 
location map. You may think of other pieces of informa
tion to keep in the hydrographs data base, such as the 
method of measurement (chalk tape, electric line, re
corder, logging device, etc.), or the use of the well other 
than for water leve! measurement. 

When activated, the 
o p t i o n General 
Data Units displays 
a dialogue box such 
as shown in Figure 
10-5. In the GWW 
data base template, 
which is used in the 
example shown in 
Figure 10-5, the only 

Figure 10-5 
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space-distributed numerical parame~ers are coordina tes 
and ground surface and measuring point elevations. 

10.3.6. Working Time 
Interval 

The option Working Trme Interval permits you to re
duce a long period of observations to a shorter time · 
span. This is important in editing data, in displaying hy
drographs with more detall in a shorter period, and in 
reporting data for the period of interest. For example, if 
you are going.ío use the data base for making a mathe
matical model of an area, your interest may be in a cer-

10-6 

- tain period of time in which you wish to calibra te your 
·model. 

For examplerif you decide to display and print hy
drographs within the period from 1 January 1984 

__ through 3l"December 1988, you should proceedasfol
lows: 

-
l. Select Working Trme Interval from the Data menu. 

The display prompts you to input the starting year, 
month and day. Type 1984, press tab, type 1, press 
TAB, type 1, press TAB. Press TAEUwice more to skip 
hour and minute. The screen should look as shown 
in Figure 10-6. 

, _. _ ·- Y{orking Time lnterval SllÍrt · 

MonthODay O 

HourD MinLJ 

Figure/0-6 

2. When the dialogue box titled 'Working Tune Interval 
End' opens type 1988 for the year, 12 for the month, 
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and 31 for the day. Press twice TAB. The display 
should look as shown in Figure 10-7. 

1 Working Time Jntcrva1 End 

_Year )~988 Manlb ~ Oay El 
_ HaurD MinO 

Figure 10-7 

3. Click on OK-to clase this dialogue. The whole data set 
--- is now reduced to the selected time interval. · 

10.3.7. Standard ASCII 
Input 

10-7 

You may save the whole data base, all the wells, in one 
ASCII data file. In the version 1.0, the input format was 
made compatible with output format-Of the UN/GW 
software. In the version 1.1, that "compatibility" was 
abandoned in favour of a more "friendly" forma t. 

The ASCII input format is explained in Appendix D. 
However, if you are in doubt what is the proper format, 
you should create one example and save it using the op
ti o n Standard ASCII 
Output. Once saved the 
file can be examined 
and the format noted. 
When the option Stand
ard ASCII Input is in
voked, the dialogue box 
will open as shown in 
Figure 10-8. The pro
gram assumes the 

File a: Dl~ctDries: 

DD 
Figure 10-8 



10.3.8. Standard ASCII 
Output 

10.3.9. Print Setup 

10.4. WATER 
LEVELS 

10.4.1. Edit Water 
Level Data 
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standard extensionfor suchfiles .hyd, butyou may over
ride th.is and type any wildcard combination in the file-
namefield. · · 

This option is used to save the data base containing 
water leve! measurements in a standard ASCII file. Just 
as in other parts of the 
GWW package, it is a 
good idea to save the 
data from time to time 
in an ASCII file. What
ever may happen to 
your data base, you 
may always re-create it 
by reading th.is file as a 
standard ASCII input. 
When th.is command is 
invoked, the dialogue 
box will open as shown 
in Figure 10-9. The pro
gram assumes the 

DI~ a.: 

1 ¡, .• ··! 
lt• .... r 

DD§ 
.IHi ' 

FigureJ0-9 

standard extension for sich files .hyd, but you may over
ride th.is and type any wildcard ·combination in the file-

-name field. The extensions are for your convenience. 

The Print Setup option is explained in Chapter 5, Section 
5.4. 

Edit Water Leve! Data is the first option on the W.Levels 
m en u, as shown in Figure 10-l U. 

When you select Edit W.Level Data option the edit table 
is displayed. It may contain data as shown in Figure 10-
11, or it may be empty prompting you for input. You en
ter or edit data using the TAB key, ENTER, or mouse. 

,-
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CtrH 
CtrH) 

Save W. Level Data Ctrt-S 
Ctri-X 

Figure 10-10 

HYDROGRAPHS 

s: 

You may delete a row in the editing table by holding 
-down the CTRL key and simultaneously pressing D. Yo u 

may insert a row· by holding down the CTRL key and 
simultaneously pressing I. You may save . .the data by 
holding down the ·CTRL key and pressing S. You may 
quit or exit without saving the data by holding down the. 
CTRL key ancJ. pressing X. 

10.4.2. Selecting Levels 
or Depth to 
Water Leve! By clicking on Depth Data on the W.Levels menu you 

decide to type in the values of depths to water table from 
a measuring point. The editing table in this case may 
look as shown in Figure lD-11. Cm:wersely, by selecting 

El Frío -
Year Day. Moiittí •hb:nlmi .neptb [mJ -+: 
1984 1 1 11.24 
1984 1 2 12.77 17'· 

' ·'· 1984 1 4 12.42 " ... 

1984 1 5 12.7 
¡::i··i 1984 1 6 12.93 

1984 1 7 13 " " 

.... 
Figure 10-Il 

1 0·9 

·~· 



10.4.3. Depth or 
Leve! Units 

10.5. DISPLAY 
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Although you may have selected meters as a basic unit · 
of length (that is of depth 
and/ or elevation), you ma y 
override the default by us
ing the option Depth!Level 
U ni ts o n t he W.Levels 
menu. The display may 
loo k as shown in Figure 10-
13 offering a list with all 
possible length units as 
read from the GWW.UNT 
file or another file created 
by you for your data base. 

Figure 10-13 

When you select the Display option on the menu bar, a 
portion of the hydrograph for the currently seleded well 
will be displa yed within the specified time interval using 
the option Working lime Interval. The hydrograph may 
look as shown in Figure 10-14. All points will be con
nected since the default connecting interval is very large,. 
365 d~ys. 
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When you select the Report option from the menu bar 
the display looks as 
shown in Figure 10-15. 
As in other applications, 
if you select printing op
tions in the upper part of 
the submenu the pro
gram uses standard re
porting forms. 

The difference between 

Seve Hydrograph Drawing 
Prlnt Nonstandord Fonn 

Select Hydrogroph Fonn 
Select Toble Form 

Print Hydrograph and Figure 10-15 
Print General Data Ta-
ble is as follows. Print Hydrograph prints one hy
drograph for a single well. There will be a header with 
identification data, followed by the graph. [You may 
place a loation map on the same reporting form. For this 
you need to (a) create such a map using the Map appli
cation, (b) modify the standard reporting form or create 
another !orm which will have a drawing field with the 
name of the map.] 
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General Data Table option is intended to print a report 
that is prepared for all wells in the working set. The datª . _ 
consist of well identification, description, coor~tes, 
and elevations. 

Using the lowermost two options will penñit you to 
override the standara-repornng forms and select an al-
ternative form. An example 1 
is shown in Figure 10-16 for 1;;;.,; •• ;.~;;m.;.,.;:===¡:-;:::1 :_m:: 
the hydrograph form.J?e re- ¡Sio•••n :, . _ 
porting iorms created m the Figure 10-16 ~ 
GWW.OOO template, which 
are at your disposal without modifications, are Measure
ments and Standard. The Standard reporting form 
places a header with general data on a well on the form, 
followed by the hydrograph drawing field filling the rest 
of the form. The measurements reporting form uses the 
same header, but instead of the drawing field it presents 
a table with field measurements for the single well 
within the selected time interval. 

For ea eh type of reporting, whether for a single test or for 
all tested wells, you may crea te more than one reporting 
form. When you crea-te such forrns using Report Form 
Editor from the Tools menu, you should save them using 
Save As .. option, and assign an interna! file name. When . 
the Select Hydrograph Form or Select Table Form op
tion is invoked, all these forms will be listed for you to 
choose from. 

Save Hydrograph Drawing is used to save the currently 
displayed hydrograph for printing using the Print Non
standard Form option. As in othe.r_applications, you will 
be prompted to save the graph under a name, and to de
cide on the diagram size. 

IO.i.MAKE RANDOM This routine is explained in more detall in Chapter 5, Sec
tion 5.6. The program will allow you to select any one of 
space distributed numeric parameters available for this 
application, induding sorne that may ha ve no meaning-

10-12 



10.8. LOAD MAP 

10.9. INTERPOLATION 

1 0.9.1. Connection 
Interval 
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for contouring (for example t:he elevation of the measur
ing point). This routine is used mainly to crea te a loca- _ 
tion map showing only wells which make the water leve! 
data base, or wells which ha ve a more or less continuous 

.waterlevelmeasurementrecord. 

This optimiis explained in detall in Chapter 5, subsec
tion 5.3.2. It is used_to selecta working set or individual 
wells with which to work directly from a map. 

This is one of very important options in the hydrograph 
application. It permits you to create a contour map for 
any date within the time interval for which you have 
data. It also permits you to decide on the spanrung time 
interval in which you wish 
to ha ve individual points on 
a hydrograph connected. 
The submenu of the Inter
polation option is shown in 
Figure 10-17. 

Figure 10-17 

When you select Set Connection Span the display will 
prompt you to replace the default, which is 366.00 
(days), with an
other interval. The 
display is as shown 
in Figure 10-18. For 
example, selecting ~~~~Hfj!M,jgm=======::=J 

;~ id:t; :a~~ :f; lf7;tll: o-J 1 ;e~~~ :! 
neighboring points 
observed in less Figure 10-18 
than 31 day inter-
vals, will be con-

23C 

. .. 
. . .,~~ 



10.9.2. Interpolation 
Date 
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riected with a solid line. If the span between two neigh
boring points is greater than 31 days, they will be dis
played as scatteredpoints, as shown in Figure 10-19. 
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Using this option 
you can create a 
data set ready for -
contouring ata cer
tain date. You are 
prompted for the 
da te as shown in 
Figure 10-20. The 
option incorpo
rates the make ran-
dom option from 

, . . -

1-- " 

lulerpolation U.te 

¡ Qooé··.< 

:l4alñ.-k~ 

.,;.;..""' ........ , 

Veer !1986 WanthODsy ~ 

HourO WinO 

Figure 10-20 

other applications and set a specific date for which you 
. wish to create the contour map. Depending on your type 

of data, depth to water or water levels in absolute eleva
tions, you will be prompted for 'Save Random Model of 
Water Depth' as shown in Figure 10-21 or "Save Random 
Model of Water Leve!'. 

.-
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You may create 
more than one 
contour map of 
water levels. You 
need to select the 
option 
Depth/Level at 
Date severa! times 
assigning each 
time another date .. 

HYDROGRAPHS 

CHGmo ~ 
CHSdft "'.'·•· Chemistry :-::"' 
CbemistryPPW ~< 
Eatryform.Cbemlstry.Standenl ,;:;.·. 
Entryfarm.GrainSizeCurvc.Sb ?f: 
Encryform.Hydrographs.st.nd ::~ 
Eftlryform.uthology.st.ndard ~:· 
EntryForm.MaaterOata.Stenda ~:. 

lE:ntrVForm.PumoTesta.Pardal 4 

and labeling the '-----------..J 
random models to 
be created with 
different names. 

Figure 10-21 

Examples could be LeveUuly_84, Depth.:...Sep_Sí, etc. 
Youshould follow the conv~ntion that internal fie names 
may be long but conti.nuous. You may use points or un-

--cierscores to separate parts of the file name that have 
meaning to you. 

10.10. HELP This is context-sensitive on-line help which guides you 
through various options and procedures.-

10.11. EXAMPLE 

10-15 

In this example you will crea te a water level entry, use 
the editor, create random models for water levels on 1 
June 1991 and depths to water table on 15 December 
1991. You will display and print the graph setting the 
maximum connection interval to 30 days. 

The well's general data are the following: 

• Well name: SRRG-12 
• Description: Observation well in Irrigation System of 

Río Guarico. 
• Coordinates: X=629000, Y=942000 
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• Ground Surface Elevation: Z=8550 m 
• Measuring Point Elevation: 86.20 m 
• Measurements: 

Ii.m.g . - Depth to water 

1/1/911_2.5 

1/20/9113.1 

2/19/9113.6 

3/15/9113.9 

4/29/9114.2 

5 /16/91 14.7 

6 /14/91 14.3 

7_112/91 13.9 

8 /28/91 13.3 

9 /16/91 12.9 

10/14/91 12.6 

11/11/91 12.3 

12/06/91 12.1 

12/28/91 11.8 

The pr<' .. cdure is as follows. 

l. Select Applications on the main menu bar of, the 
GWW package. 1 

2. Select Hydrographs. The display is as shown in Fig
ure 10-1. 

.-
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-:3. Type in Well Ident field 'SRRG-22'. Press TAB. 

4. Type in Desc:ription field 'Observation well in Irriga
tion System of Rio Guarico'. Press TAB. 

5. Type 629000 in the Easting field, press TAB. Type 
942000 in the Northing field. Press TAB. -- . 

:6. Type 85.50 in the Ground Surface Elevation field. 
PressTAB. 

-
7. Type Quatemary in the Aquifer field. Press TAB. Type 

8620 in the Measuring Point Elevation field. 
-

8. Press PgDown twice. The cursor is on SRRG-12 in the 
list of wells. 

- 9. Select W.Levels. 

-10. Select Edit W.Level Data. Check that the last column 
is labeled as Depth [m). 

11. Type 1991 in the Year column, press TAB, type 1, press 
TAB, type 1 press TAB twice. You should be in the 
Depth column. Type 12.5. Press TAB. You are now on 

__ the..second line. 

12. The program repeats the-last year and month. Accept 
the year as 1991; press TAB to move to the da y col-

- umn. Type 20, press TAB; press TAB again to confirm 
the month as J anuary; press TAB again to m ove to the 
depth column. 
Type 13.1 and press 
TAB. 

13. Keep typing until 
the last line: 1991 in 
the Year column, 28 
in the Da y column, 
12 in the month 
column, 11.8 ih the 
depth column. The 
display shquld 
look as shown in 
Figure 10-22. · 

Yetii 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 

'Dá¡í, 
1 

20 
19 
15 
29 
16 
u 
12 
28 
16 
14 
ll 

6 
28 

SRRG-12 

'Moollt 'lli>;m"' 1 DOlltl> ¡.,¡:· . 
1 1 12 5 
1 13.1 
2 13.6 
3 13.9 . 

' 14 2 
5 14 7 

-6 14 3 
7 13 9 : 
8 . -' 13 3 . 
9 -r--·~ 12 9 . 

10 12.6 
11 12.3 : 
12 1 12 1 
12 111 • 

Figure 10-22 

t..LfO 
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14. Hold down the crRL key and :press S to save the 
data. 

15. Select Interpolation, select Connection Span. Type 
30 and select O K. ·-

16. Select Display. The display should look as shown in 
Figure 10-23. If the display shows only a coordina te 
system, ora frame of a graph but without points and 

" 
--

u 

\ 
' 1-\-

' ' 
" \:-

' f' 
- ¡'v 

-sRRG-Zt 

--

/' 

•' 
/ 

[/ 
v 

·, ... -. "' 

Figure 10-23 
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lines, yo u should .ctleck which working time interval 
is currently selected. (Go to Data, and select Working 
Trme lnterval.) 

17. SelectO ose. 

18. Select Interpolation. Select Depth!Level at Date. Fill 
the window prompting you for the interpolation 
date with the numbers 1991, 12, 15 (15 December 
1991). 

19. Save the random model under the file name 
Depth_l5_Dec_91. 

20. Select W.Levels. Select Edit W.Level Data. Notice 
that the !ast column is labeled as depth [m). Select 
W.Levels again. Select Level Data to replace depth 
with leve!. Notice that the last column is labeled as 
Leve! [m] and that the data in this column are no 
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loriger 12.5, 13.1, 13.6, ... , 11.8, but converte_d to water 
levels in absolute elevations: 73.7, 73.1, ... , 74.4. 

21. Hold down the CIRL key and press X to exit without 
saving (you have not made añy change!). 

22. Select Interpolation. Select Depth/Level at Date. 
Type 1991, 6, 1 (1 June 1991). SelectO K. 

23. Save the random model of water levels on 1 June 1991 
under the name Level_1June_91. 

Using the applicatíon Mapping you will crea te contour 
maps of depths on 15 December 1991 and levels on 1 
Jurie 1991 for this example. 

Exit the application by selecting Data, and Exit 
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CHAPTER ELEVEN STEP DRAWDOWN TEST 

11.1 

INTRODUCTION 

11.1.1. General 

11-1 

The objective of running a step drawdown test is to ob
taininformation aliout the performance and efficiency of __ 
the well being pumped. The data taken under controlled 

· ·- sonditions give a measure of the productive capacity of 
the completed well and provide data on which the selec-

-iion of the pumping equipment can be based. The Step 
Drawdown application is a utility in the GWW package 
rather than a data base application. _ · 

Since this is a test of the productivity of a well, it is often 
called a well-production test. This is a variable-rate well
production test. A well is pumped at a constant rate for 
a certain period of time (normally between one and 24 
hours) and the drawdown is recorded at the end of the 
pumping step. The pumping rate is then changed, nor
mally increased, and the well is pumped for the same 
period of time. The water leve! is then measured and the 
drawdown calculated. The same procedure is repeated 
with different pumping rates one or more times (míni
mum 3 steps). It is understood that each step must be of 
the same duration as the others. 

Using the Step Drawdown Test application from the 
main Il1enu of the GWW software, you may do the fol
lowing:' 

l. Create a data base containing information about step 
drawdown test results and efficiency of drilled wells. 

2. Display and print step drawdown test results show
ing two components of the total drawdown: aquifer 
loss and wellloss. 



11.2. MA1N MENU 
BAR 

11.2.1. Components or 
theStep 
Drawdown Test 
Application 
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3. Project the step drawdown pumping test results be
yond the final step. This is used to forecast the draw
down and/ or efficiency if the well will be pumped at 
a rate about 20% higher than in the test. 

--
As showninFigure 11-1, the major options on the appli
cation's menu bar are the following: 

- . Slep Dr...,dnwn Test¡c:\gWd\testl. 

.Qata .l;dh flt Dl¡play Beport Malee .Bandom Load .hlap J:jelp 

Wellldent ~~ellldent J Descnp!lon -·-

A 8 p 

Figurell-1 

• Data 
• Edit 
• Fit 
• Display 
• Report 
• Make Random 
• LoadMap 
• Help 

Ea eh of these options,_except options Make Random and 
Load Map, is explamed in detail in this Chapter. Make 
Random is discussed in Chapter S, Section 5.6; Load. 
Map.is discussed in Chapter 5, Section 5.3.2. 

·-ufC. 
~..e: 1 .) 
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When the Step Drawdown Test application is selected, 
the display window is composed of three main parts: 

• Menu bar on the top. 
• Ust of wells on the left currently comprising the··- · 

working set, with two numbers at the top referring to 
the total number of wells with step drawdown tests 
in the data ba5e and the number of such wells in the 
currentworking set. 

• Entry form with information on the first well on the 
list or an empty form for a new data base. 

If you are creating a new data base with production or 
testwells, the left window will be erñ.pty, and the num
ber of wells will be zero. :rhis is the case as shown in 
Figure 11-1. 

In the EntryForm asshowninFigure 11-1 youmayinput 
data into two fields: Well Ident and Descriphon. All 

. other fields are used to report results. The coefficients A · 
and B are the coefficients used to fit the drawdown and 
pumping rate equation (see 11.5). 

11.3.1. Options on the The Data menu is shown in Figure 11-2. The following 

11-3 

Data Menu options are available: 

• Select Working Set. _ 
• Delete Record. 

• Select Entry Form. 
•: _GEneral Data Units. 
• Print Setup. 
• E·:it. 

Figure 11-2 
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11.3.2. Select Working Yo u use the_Select Working Set option in the same man-
Set · ner as in any other application Its use is explained ~ _. 

Chapter 5, Section 5.3. Its purpose is to reduce a large set 
with many wellsto a smaller set of wells which may·be 
selected for any reason 

11.3.3. Delete Record To del~te a record you will do the following: 

11.3.4. Select Entry 
Form 

11.3.5. General Data 
Unilli 

11-4 

1. With -the mouse cursor,_ select the well yo u wish to 
delete. 

2. Select Data on the application's menu bar. 

3. Select Delete Record, or hold down the CTRL key and 
press D key. 

4. A warning will be displayed giving you a chance to 
reconsider. 

You may use the default formas displayed in Figure ll-
.- 1,-or any form that you may have created following the 

steps explained in Ch;ip_!er 3. To change the form: 

l. Select Data on the application's menu bar. 

2. Click on Select Entry Form. 

3. Select the form name from the list displayed in the 
dialogue box. 

4. Click on OK. 

In the step drawdown test application you may think of 
typing and storing additional-information such as 

__ pumping equipment, date of test, use of well, mainte
nance information, etc., if you have not entered this into 
the Master data entry form. 

When activated, the option General Data Units displays 
a dialogue box süch as shown in Figure 10-5. In the 
GWW data base templa te, which is used in the example 



· 11.3.6. Print Setup --

11.4. 

EDITDATAMENU 

11.4.1. Edit Data 
Submenu 
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showninFigur~l0-5, theonlyspac~tributed numeri
cal parameters are coordinates and ground surface and 
measuring point elevations. This information is taken 
from the Master Data application. 

The Print Setup option is explained in Chapter 5, Section 
5.4. 

Before you can create a data set or edit data you must 
type in the well identification number (Well Ident), and 
its description. If this is already a well which has been 
entered into the GWW system from another application, 
the description field should be automatically filled in 
with information typed elsewhere. In that case the only -
entry-necessary is the well identification. The display 
then looks as shown in Figure 11-3. The well is used in 
the Pumping test application and is airead y in the GWW 
system. 

. · · . Step Drawdown'T és1 (c."\gw 

.(;!ala _Edil .Eit Diru>lay Beport Malee Bandom Load M_ap 

Wellldent Wellldent 

PT-1 

A 

Figure 11-3 

Descrípt1on 

Todd's book. pa! 

8 

Z4B 
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Units 

11.4.3. Entering Data 
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Only when you select Edit Data and operi the data table 
with two colunms, drawdown and pumping rate, will 
you be able to use other options on the edit data menu. 
These options are shown in Figure 11-4 and are used for 
editing the table (inserting or deleting rows) and saving 
data. 

You may select units other than the default for draw
downs and pumpiilg rates. To change the unit for draw-
down from m to ft · 

l. Select Edil 

2. Select Measurements Units. The-display is as shown 
__ in Figurell-4. 

Figure 11-4 

3. Select Drawdown. Íhe dialogue box lists all units for 
length that are contained in the GWW. UNT file or 
that have been created by you for this particular data 
base. 

4. Click on feet and selectO K. 

When you select Edit Data a two-column table will be 
displayed with the =sor in the first row of the draw
down column. Check the units displayed for the draw~ 
down and pumping rate. Type the drawdowns and 
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corresponding pumping rates. For the fitting algorithm 
to work correctly you are expected to type drawdowns 
in increasing order, with the difference between draw-

.. downs being progressively larger for equal multiples of 
the pumping rate. In other words, if you have tested the 
well at rates 1000,2000 and 3000 m3 1 da y, the correct val
ues of drawdowns would be 1.00, 2.10, and 3.40. It would 
not be correct to ha ve the drawdown val u es su eh as 1.00, 
1.90, 2.4. The reason is that the specific capacity of the 
well, which is defir1ed_as its pumping rate or yield per 
unit of drawdown;must be decreasing with an increased 
pumping rate. In the "correct"-case the specific capacities 
are 1000, 952, 882 m3 1 day /m; while.in the second case 
the sequence is 1000, 1053, 1250 m3 1 da y /m. In the sec
ond case when yo u select one of fitting methods, the pro
gr:am will displáy an error _!Il.essage 'Unable to fit. Check 
your data." 

You must not press TAB at the end of data entry. If the 
fifth step as shown in Figure 11-5 was the final test step 

· (drawdown 6 m; pumping 
· ra te 5000 m3 1 day), the 

cursor must remain after 
the number 5000. You wiil 
save data by either select
ing Edit and clicking cm 
Save measurements or by 
holding down the CTRL 

·-

;~tial 

l -
2.1 
3.3 
4.6 

6 

PT-1 

Plimpin!l Rlllti< 
1000 
2000 
3000 
4000 

5000 

key and pressing S. Figure 11-5 

If you do press TAB at the end of data entry and the new 
line is opened, you must delete this line by holding the 
CTRL key and pressing D. After that yo u should save the 
data in one of two ';ays as explained above. 

According to classical theory, the total drawdown in a 
production well has two major components: the draw
down sa (aquifer loss) due to laminar flow of water 
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through the aquifer toward the well and sw (wellloss) 
due to the turbulent flow of water through the screen o;r 
well fa ce and inside the casing to the pump intake. Other 
components, such as additional drawdown due to the 
partial penetration of an aquifer, or the drawdown due 
to barrier boundaries of the aguifer or the build-up due 
to recharge bounciaries-of the aquifer, are normally con=
tained_within the aquifer loss. 
-
According to Jacob ("Radial Flow in a Leal..-y Artesian Aqui- --
fer," Trans.Am.Geophys.Uñion, vol.27 ,no.2, 1946), well 
loss may be represented approximately by the following 
equation: _ 

sw=B<i 

where 

Sw = wellloss, [Lj 

B = well-loss constant, rrZ /L 5] 

Q~charge, [L3 /T]. 

Aquifer loss, sa, is lineady proportional to the pumping 
rate, i.e. 

sa=AQ 

Thus, the equation of totalloss during pumping may be 
written as 

s=AQ+ Bcj 

The coefficient A has dimensions of U -2. 

The second theory, presenteri by, arnong others Rora
ba ugh ( "Graphical and theoretical analysis of step-drawdown 
test of artesian well," Proc.Am.Soc.Civ.Eng. 79, separate 
no.362, 23 pp, 1953) and Kara.<jac (wWell Losses dueto R.e
duced Penneability around Well Screen," Ground Water, 
vol.lO, 1972) demonstrate that the wellloss is not neces
sarily proportional to the second power of pumping rate. 
In other words, welllosses may be significant although 

7.51 
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- turbulence may not have developed! The basic formula 
for well drawdown is 

s=AQ+ Bon 
, Titis is a more general case, of which n=2 is an approxi
. mation. According to Rorabaugn, n varies according to 
'the aquifer and well situation from less than 2 to 3.5. Val
ues of n less than 2 may occur ifQ is relatively low and 
full turbwence has not yet developed in the entire well
entry flow. ~or very low values of Q, the f!ow may even 
be laminar throughout the system, in which case the well 
loss coeffident will be zero. 

After the data are entered, you should select one of the 
- two fitting methods as shown in Figure 11-6. The com-
-puter program then evaluates the coeffidents A and B, 

11.6. 

DISPLAY 

and writes them into the entry form. ~e field 'p' will be 

FigureU-6 

also filled with a value, either 2 if the quadratic fit is se
lected or any value if the more general form is selected. 

· When you select the Display option on the menu bar, the · 
.. screen may look as shown in Figure il-7. The upper line 

defines the aquifer loss, and the lower line defines the 
total well drawdown. The space under the first line and 
the absdssa is th:e aquifer loss, and the space between the 
two lines is the wellloss. On the screen you may assign 
different colors to each of these two areas to emphasize 
either of the well drawdown components. 
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· The table under the graph reports the measured data 
(well drawdowns and pumping rates) and each draw
down component from the fit aquifer loss and wellloss. 
The last line reports well effidency_for each pumping 
step and for a hypothetic step whlch assumes 20% lúgher 
pumping than the last rate. 

The average well efficiency taken as an arithmetic aver
age for all pumpmg steps is calculated and entered into 
the entry form. Since the entry form is used for the 
header of the reporting form, these results will also be 
printed when the option Report is selected. 

When you se!ect the Report option 
from the menu bar, the display looks 
as shown in Figure 11-8. As in other 
applications, you may use the stand-

Figure U-S 

.. -
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ard reporting form (option 
Print) or you may select an
other reporting form (Select 

· Form). In the latter case, a dia
logue box will open suggest-

- ing the names of all available _ 
reporting forms. In Figure 11-
9 only thEH;tandard form is 
available, and there is no dif-. 
ference between tl:te two 
printing options-you may se
lect. 

Figure 11-9 .. 

~ 
~ 
~ 

Save Diagram is used to savé the cuuently displayed 
step-drawdown-graph for printing using the Print Non· 
standard Report option. 

This routine is explained in more detall ínChapter 5, Sec
tion 5.6. The program will allow yo u to select any one of 
the space distributed numeric parameters available for 
this application, including sorne that may have no mean-
ing for contouring ( e.g. eleva- Randam Mdl. Variable 

tion of the measuring point). A 

In this application, the list of B 
p 

numeric parameters that Ellidency 

may be contoured may look ~ 
as shown in Figure 11-10, al- z 
though it is questionable ZM 

whether most of these will 
have a meaning. The two pa- Figure 11-10 

rameters that may be used 
are Z (land surface elevation), which should be used for 
creating a location map with only wells tested with step
drawdown tests, and Effidency, to show different well 
effidenaes. You may also add a parameter such as spe
c:ific capadty of wells to your reporting form, by manu· 

.. ., 
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- ally enteringthe value obtained from the test and by con
touring or displaying this parameter. 

11.9. LOAD MAP 

11.10. HELP 

11.11. EXAMPLE 

fil 
~ 

11-12 

This option is explained in detall in Chapter 5, subsec
tion 5.32. It is used to selecta working set, or individual 
wells to work with, directly from a map. 

This is context-sensitive on-line help which guides you 
through various. options and procedures. · 

_The example from H. Bouwer's book "Groundwater Hy
drology," Fig. 4.13, published by McGraw-Hill Book Co. 
in 1978 will be used. The test data are as follows: 

1 ~3 1 dav1 1
1000 /zooo 14000 

1 
1 

1 ~aw,-lo 4.56 own m1 10.74 129.48 

The analysis may proceed as follows. 

l. Select Applications on the main menu bar of the 
GWW package. 

2. Select Step Drawdown Test. The display is as shown 
in Figure 11-1. 
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~- In the Well Icient field type SDT-1. Press TAB. 

4. In the Description.field type Bouwef, 1978, Fig. 4.13. 
PressTAB. 

5. Press PgDown twice. The cursor should be on SDT-1 
in the list of wells. 

6. Select Edit followed by Edit Data. Check the units for 
drawdown and pump~g rate. If units are not meter 
for drawdown and m /day for pumping rate select 
Edit again and then Measurements Units. Select the 
oneyou wish to change (drawdown or pumping 
rate), make the.change, and select OK to return. Then 
select Edit Data again to open the table. 

· _7. Type 4.56 for first drawdown, press TAB; type 1000 for 
first pumping rate; press TAB. 

8. Type 10.74 for second drawdown, press TAB;type 
2000 for second pumping rate; press TAB. 

9. Type 29.48 for third drawdown, press TAB; type 3000 
for first pumping rate. Po not press TAB. The display 
is as shown in Figure 11-11. Hold down the C1RL key 
and press S to save the data. 

SDT-1 

Figure 11-11 

10. Sdect Fit and first try the dassical Jacob's equation. 
!:-elect QUadratic. The results are i.mmediatély writ
ten into the entry form. 

A=0.0035 
B = 9.8xl0"7 

p = 2.00 



11-14 

CHAPrERU STEP DRAWDOWN TEST 

Effidency (average) =57%. 

11. Select Display. The display willlook as shown in Fig
ure 11-12. 
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Figure 11-12 

12. Try now the second, more general, method. Select Fit, 
followed by General equation. 

13. To view the results you must first remove the graph 
from the screen. Select Close. Notice that: 

A=0.004 
B = 6.8xlO.s 
p=231 

Effidency (average)= 66%. 

You may compare efficiendes and aquifer loss coeffi
dent A, but you cannot compare the wellloss coeffi
dents B since they have different dimensions. 

14. Select Display. The display willlook as shown in Fig-. 
ure 11-13. 
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Exit the application by selecting Data, and Exil 
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CHAPTER TWELVE GRAIN SIZE CURVE 

12.1. 
INTRODUCI'IO~ 

12.1.1. General 

12.2. MAIN MENtJ
BAR 

12.2.1. Components of 
the Grain Size 
Curve 
Application 

12-1 

This appliC:ation is a utility for creating and storing infor
mation on grain sizes of drilled_ samples in the data base. 
With this application you may crea te a data base, display 
grain size distribution curves and print one or more 
curves. 

As shown in Figure 12-1, the major options on the appli
cation's menu bar are the following: 

• Data 

• Edit 

• Display 

• Report 

• 'Load Map 

• Help 

FigunU-1 

· Grain s¡., 

Descr 
Expl 
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The options Data, Edit, Display, and Report are ex
plained in this Chapter. Load Map is discussed in Chap
ter 5, Section 5.3.2. 

When the Grain Size Curve application is selected, the 
display window is composed of three main parts: 

• Menu bar on the top. 
--

• List of wells .on .the left curren ti y comprising the 
working-set, with two numbers at the top refernng to 
the total number of wells with grain size samples in 
the data base and the number of such wells in the 
current workin~ ~Í: 

• Entry form with information on the-first well on the __ 
list or an-empty form for a new aata base. 

If you are c:reating a new data base with production or 
-- exploration wells, the left window will be empty, and the 

number of wells will be zero. This is the case as shown in 
Figure 12~1. 

12.2.2. Entry Form 

12.3. DATA 

In the Entry Formas shown in Figure 12-1 yo u may input 
data into two fields: Well Ident and Description. 

12.3.1. Options on the The Data menu is shown in Figure 12-2. The following 
Data Menu options are available: 

• Select Worl<ing Set. 

• Delete Record. 

12-2 
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• Select Entry Form. 

• General Data Units. 

• Print Setup. 

• Exit. ~eled Entry Form 

General Data !!nits 

Print Setup 

Figure 12-2 

12.3.2. Select Working You use the Select Working Set option in the same man-
Set ner as in any other application. Its use is .explained in 

Chapter 5, Section 5.3. Its purpose is to reduce a Jarge set 
with many wells to a smaller set of wells wlúch may be 
selected for any reason. 

12.3.3. Delete Record To delete a record you will do the following: 

12.3.4. Select Entry 
Form 

12-3 

l. With the cursor, select the well you wish to delete. 

2. Select Data on the application's menu bar. 

3. Select Delete Record, or hold down the CTRL key and 
press D key. 

4. A warning will be displayed giving you a chance to 
reconsider. 

You may use the default formas displayed in Figure 12-
1, or any form that you may have created following the 
steps explained in Chapter 3. To change the form: 

"1- ~ 7 . . 

l. Select Data on the application's menu bar. 

2. C!ick on Select Entry Form. 

3. Se!ect the form name from the list displayed in the 
dialogue box. 
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12.3.5. General Data 

U ni~ 

12.3.6. Print Setup 

12.4. 

EDITDATAMENU 

12.4.1. Edit Data 
Submenu 
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4. Click on OK. 

In the grain size curve application you may think of typ
ing and storing additional information such as urúform
ity coefficient, d10, d2o, d60, etc. 

When activated, the option General Data Units displays 
a dialogue box such as shown in Chapter 10, Figure 10-5." 
In the GWW data base template, which is used in the 
example shown in Figure 10-5, the only space-distrib
uted numerical parameters are coordinates and ground 
surface and measuring point elevations. Thi.s informa
tion is taken from the Master Data application. 

The Print Setup option is explained ii1 Chapter 5, Section 
5.4. 

Before you can create a data set or edit data you must 
type in the well identification number (Well Ident), and 
eventual! y its description. If this is already a well which 
has been entered into the GWW system from another a p
plication, the description field should be automatically 
filled in with information typed elsewhere. In that case 
the only entry necessary is the well identification. The 
display then looks as shown in Figure 12-1. 

Only when you select Edit Data and open the data table 
with columns for grain size and percentage pas.;ing 
through the sieve of that size, will you be able to use 
other options on the edit data menu. These options are 
shown in Figure 12-3 and are used for editing the table 
(inserting or deleting rows) and saving data. 
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E29t fdon't save) Ctri-X 

Add New Set 
Delete Set 

Std ASCII Input 
Std ASCII 
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When you are using this application to crea te a record for 
new grain size curve, yoüwill be prompted first to tell · 
the program how many sets of data you have for a par
ticular well. The limit for ea eh well is 5, butyou may split 
the total number of data sets into a multiple of five as
signing different well identifications, such as GSC-1/1, 
GSC-1/2, etc. 

When you select 
Edit Data in a new 
well, the display 
will be as shown in 
Figure 12-4, 
prompting you to 
type the number of 
data sets. For the ex
ample that follows 
the number of data 
sets is three. 

FigureU-4 
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Alter you dedde on number of data sets the editor will 
open and display a table which will contain four col
umns; one for grain size diameters in millimeters, the 
other three for data sets. The prompt will be on t;he first 
line, waiting for you to identify this set. In the example, 
the three sets are representative for drilled intervals of 
depth: 12-15 m, 22-26 m, and 32-34 m. You may type any 
identification in these fields. Use TAB to move from one 
field to another, or Shift+ TAB to return to previous 
fields. 

In the Diam. (mm) column, type grain diameters in mil
limeters, starting with the smallest and gradual! y cover
ing the whole grain size distribution curve. You must 
follow the order from the smallest to the largest size. In 
the remaining columns, type the cumulative percentage 
of the sample by weight passing through the sieve of the 
corresponding grain diameter. 

When you finish the input, do not use TAB but hold 
down the CTRL key and simultaneously press S to save 

Figure 12-5 

the data. The table.may look as shown in Figure 12-5. 
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-U·I$• ········~· 
---. D-ao• 

FigureU-6 

When you select the Display option on the menu bar, the 
screen may look as shown in Figure 12-6. The majority of 
the screen shows the grain size distribution curve. The 
lower portien shows one of the widely used grain size 
classifications identifying the limits of various fractions: 
silt and clay, sand, and grave!. 

REPORTING When you select the Report op
tion from the menu bar the dis
play looks as shown is Figure 
12-7. As in other applications, you Figure 12-7 

- 1 
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12.8. HELP 

12.9. ADDING OR 
DELETING 

SAMPLES 
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may use the Standard reporting form (óption Print) or 
you may select another reporting form (Select Form). In 
the latter case, a dialogue box will open suggesting the 
names of all available reporting forms. In addition to the 
=ve and classification, the standard reporting form 
contains a header identifying the well and a table similar 
to the one displayed in Figure 12-5. 

You may create another reporting form to which you 
may add a location map showing the location of the re
ported well or of any other well from which grain size 
distribution cutves have been calculated. 

You will use Save Db.gram option to save the currently 
displayed graph for printing using the Print Nonstan· 
dard Report option. 

1bis option is explaíñed in detall in Chapter 5, subsec
tion 5.3.2. It is used to selecta working set, or individual 
wells to work with, directly from a map. 

1bis is :ontext-sensitive on-line help which guides you 
thrcugh various options and pro- · 
cedures. 

On the Edit menu you will notice 
two options: Add New Set and 
Delete Set. When you decide to 
add a new set, a new column will 
be opened for another set of data. r>ot: J ''éáa0e1 '1 
The Delete Set option !Jrom:ts Figure u-s 
you to define which sa:nple '".JU 

wish to delete. The screen may display something like 
what is shown in Figure 12-8. 
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- In this example you will crea te one grain size distribu
tion curve with the following information from the siev
ing analysis: 

piameter fmml 
0.001 
0.005 
0.01 
0.05 
0.1 
0.5 
1 
2 
5 
10 
20 

Percentage f%2 
3 
6 
10 
18 
22 
33 
45 
59 
75 
88 
100 

The procedure is the following: 

l. Select Applications from the main menu bar. 

2. Select Grain Size Curve. 

3. Type in the Well Ident field Test-1 and press TAB. 

4. Type Landfill Monitoring Well in the description 
field. 

5. Press PageDown twice. You will be back on the well 
identified as Test-l. 

6. Select Edit on the menu bar and confirm Edit Data. 

7. Answer with the number 1 the prompt 'Number of 
data sets' and click on OK. 
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8. In the field where is the prompt now type the depth 
interval for this sample, e.g. 12.5-14.5 ft. Press TAB. 

9. Start typing the grain size distribution data as re
ceived from the laboratory. Type 0.001 in the column 
Diam. (mm) and press TAB. Type 3 under the column 
14.5-16.5 ft. Press TAB. 

10. Repeat input 
with the second 
pair of data: 
0.005 and 6. 

11. When you finish 
the. input, after 
the last number, 
thatis 100, do not 
press TAB but 
use the combina· 
tion CTRL S. 
This saves the 
data. The screen 
should display 
the tableas 
shown in Figure 
12-9. 

12. Display the curve 
Figure 12-9 

by selecting Display. the curve should loo k as shown 
in Figure 12·10. 

13. Select Oose to remove the curve from the display, 
and Data, followed by Exit to return to the main 
menu. 

This ends example eight. 

· ....... 
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CHAPTER THIRTEEN 

13.1. 
INTRODUCTION 

13.1.1. General 

13.2. 

13-1 

APPUCATION'S 
CONTENT 

13.3. WELL 
FUNCTIONS 

MISCELLANEOUS APPLICATIONS 

In this application you will find severa! utilities which 
do not create a data base and cannot be displayed or 
printed, but which are used to calculate well functions, 
hydraulic conductivities from grain size analysis, and 
help in designing a production well. 

As shown in Figure 13-1, the utilities comprising this ap
plication are the following: 

- ' Misccllaneous (e:\gwd\lestl.g 

Welf fundions .!O"' in Size Analysis Welf ,!;onslr. CalaJiations J:!elp 

Figure 13-1 

• Well Functions 

• Grain Size Analysis 

• Well Construction Calculations 

Well functions are the functions frequently used in -
ground water hydraulics. As shown in Figure 13-2, there 
are two functions: 
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Exlt Alt-F4 

Figure 13-2 

• Non-leaky, or W(u) 

• Leaky, or W(u,r/B) 

You will notice that you may either type the arguments 
of the functions to obtain the values of functions, or you 
may type all components that malee the argument and 
compute the drawdown ata point in space and time as a 
result of pumping. 

13.3.1. Non-Leaky Well You select this function by moving the cursor to the Non-

13-2 

Function Leaky option, or by typing N from the Well Function 
menu. This is the well function for a nonleaky isotropic 
artesian aquifer, fully penetrated by wells and constant
discharge conditions. In other words, this is the standard 
well function for the most common case of ideal repre
sentation of confined aquifers. When this function is 
multiplied by Q/(12.5664 •T), where Q is the constant 
pumping rate and T is the transmissivity of the aquifer, 
the drawdown in the well is obtained. 

The theory leading to the nonequilibrium equation, or 
Theis theory, is well documented in every ground water 
textbook, and will not be repeated here. The well func
tion is tabulated as a function of the argumez,:: u,. which 
lumps together the two most important aquifer parame
ters (transmissivity and storage coeffident)pthe distance 

· from the pumping well at which the drawdówn is calcu
lated, and the time since the start of pumping. 

Thus, the argument u is equal to 
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u=?s/4Tt 

where, r is the distance from the pumped weil to the ob
servation point, orto point at which drawdown is being 

· calculated; S is the storage coeffident; T is the coeffident 
of transmissivity; and t is time after the pumping started. 

_ In the GWW program the dialogue box will open as 
shown in Figure 13-3 prompting you for input. For ea eh 
of input parameters you may assign various units, 
whether consistent or not Yo u may use this dialogue box 
as a calculator, repladng one or more parameters and 
quickly obtaining the drawdowns. 

Wdl func.t•on 

Figure 13-3 

Asan example, calcula te ~e drawdown at 100 feet from 
a well pumpedat 300 gpm'for 30 days. The aquifer trans
missivity and storage coeffident are 25000 gpd/ft and 
0.001, respective! y. 

l. Select Well Functions. 



13.3.2. Leaky Well 
Function 
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2. Select Non-Leaky W(u). 

3. Type 100 for distance, change to feet if another unit is 
displayed (click on down arrow box, select feet, click 
on OK). Press TAB. · 

4. Type 25000 for transmissivity, change units to gpd/ft. 
PressTAB. 

5. Type 0.001, and press TAB. 

6. Type 30, press TAB, confirm days as units of time, 
press TAB. Notice that at this moment the values of 

_function's argument u and the function itself are dis
played in the Output Data fields. 

7. Type 300 for pumping rate, press TAB, check that 
units are in gpd, and press TAB. The screen should 
loo k as shown in Figure 13-3. The result is the follow
ing: 

• Function's argument = 0.00002587811 

• Well Function = 9.984923 

• Drawdown = 1.426 feet 

1bis routine calculates the well function for a leaky arte
sian aquifer with fully penetrating wells without water 
released from storage in the aquitard and under con
stant-discharge conditions. Although the values of 
W(u,r/B), in terms of the practica! range of u and r/B, 
are given by Hantush and many other authors in tabular 
form, this portion of the program calcula tes not only the 
function W(u,r/B), but also the arguments u and r/B 
from basic hydrogeological and pumping parameters. 

These parameters are: . 

r, T, S, t, Q, m, P 

where: 

r = distance from pumped well 

T = transmissivity of main aquifer 
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S = storage coefficient of main aquifer 

t =--auration of pumping 

m = thickness of semiconfining !ayer 

,P = verticaÍ permeability of semiconfining !ayer. 

The parameter B, which is important in the Hantush 
leaky aquifer theory, is defined as follows: 

s2=T/P/m 

The ratio r/B, which is one of arguments of the leaky 
well function, is dimensionless. · 

'E.Xf4.3v[pL'E TE9{. 

As an example, the following parameters are input: 

r = 10 feet 

T = 25000 gpd/ft 

S= 0.001 

t =30 days 

Q=300 gpm 

m= lOfeet 

p = 1000 gpd/~ 

The program-cal
culated values are 
the f"lllowing (see 
Figure 13-4): 

Figure 13-4 

"2.16 
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u = 0.000000258781 

B-=-15.52252 feet 

W(u,r/B) = 1.445307 

Drawdown = 2.061 feet 

Tlús is a utility program for calculating permeability val
ues (hydraulic conductivities) from grain-size analysis 
(grain-size distribution curves). The permeabilities can 

.Siichter 
Kozeny 
!erzaghi • Smooth Sand Grains 
Terzaghi -Angular Sand Grains 

Figure13-5 

be calculated using one of seven available empirical for
mulas as shown in Figure 13-5. Ea eh calculation requires 
sorne or all of the following input parameters: 

l. Effective grain diameter (diO or d20), or the total 
grain-size distribution. 

2. ·-Temperature of water in aquifer formation (dueto vis
·cosity dependance on temperature). 

3. Empírica! coeffident which distinguishes between 
smooth and dean sand on one side and angular and 
dayey sand on the other side. 
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4. Total porosity of sand. 

The corrections for water temperature are probably not 
important; the empirical formulas produce only a correct 
order of magrútude considering the way in which forma
ti.on samples are usual! y collected. 

The Hazen formula applies to sands and gravels with 
effective grain diameter between 0.1 and 3.0 mm and 
uniformity coefficient d60/d1o less than 5. To select the 
empirical coefficient which considers grain uniformity, 
sorting, and cleanness, please note that typical val u es are 
as follows: 

0.4 - 0.8 for clayey and nonuniform sand 

0.8 - 1.2 for clean and uniform sand. The more uni
form the sand, the higher the coefficient. 

One example is shown in Figure 13-6. 

_ Hazen·~ Formula 

Input Data 

D10[mm)§5 
Empiric Cocff .8 

Water Temperature rCJ 20 

Output K 

0.3716000 

Figure 13-6 

The U.S. Bureau of Reclamation formula (dueto Creager, 
Justin, and Hinds) requiro2s the d20 as the effective grain 
diameter (in mm), without any corrections (for tempera
ture, oran empirical coefficient). 

The Slichter formula applies to sands and gravels with 
effecti.ve grain diameter between 0.1 and 3.0 mm and 

218 
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uniformity coeifident d60/d10 less than 5. The formula 
requires the knowledge of total sand porosity, and there 
is also a correction for formation water temperature. 
With the Slichter formula, the porosity (total) must be 
typed as a fraction of 1.0, temperature in °c, and d10 in 
mm (screen c::li4meter of 10% of the total sample retained 
on the screen). 

The Kozeny formula requires the following input: total 
porosity as a fraction of one, effective diameter (dio) in 
mm, and the formation water temperature. 

The Terzag:hi furroula. which applies mostly to coarse
grained sand and grave!, needs the input values of d10, 
porosity as a fraction of one, and temperature. There is 
also a correction coeifident which takes into account two 
categories of sand grains: smooth and angular. 

Terzaghi'& Fannula (Smooth) 

There are sev- ;;¡;;¡;;~-;;ln;p;;;.,-¡;o:;;;.,;. ~;;~;;~;-j 
eral error trap-'_ 010 (mm§.s 
ping routines Total Poros 40 
which warn Water Tempen1tun: rq 
you if a pa-
rameter is be--~~!._~0~utp~ut K(-~~~--
yond the fml• t~l 
acceptable 

~~~g~~s~a~:_:l4:Z::;~:~:-':~;:04:_ ______________ _j 

is displayed in 
Figure 13-7 for 
the Terzaghi 
(smooth) for
mula. 

~- EllllOR! ' 

Porosity mus1 be between 0.013 and 1 ! 

Figure 13-7 

The Zamarin formula requires the input of the whole 
grain-size cuive. Each fraction of sample analysis (typed 
as 0,12 if 12% of the whole sample falls within the ínter
val) is multiplied by a corresponding weighting factor, 
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which assigns. a, greater importance to finer than to 
coarser fractions. The temperature correctión is also in
troduced in the same manner as in the Slichter formula. 
The dialogue box for the Zamarin formula is shown in 
Figure 13-8. 

Figure 13-8 

Fracdon of Semple 

<0.01 ¡.,:·0;;;:5_-1 
0.01 - 0.05v.'--l 

0.05- 0.1 o ~--1 
0.10- 0.151-----1 

0.15 • 0.251-----1 

0.25- 0.50 L..._...J 

0.50 -1.00 1---1 
1.00- 2.00 1---l 
2.80- 3.00 ~--1 

l.DO • 5.00 1----1 
s.oo -7.00 

7.00 -1 0.00 1---l 

· Porusity c::::::::J 
Water Temperotun: rCJ c=J 

----- Output K ----· 
L..._ ___ _¡ lcm~• 1~1 

This portion of the program may help you select proper 
casing diameter and proper screen length and to evalu
ate whether the screen entrance velocity is above a criti
cal veloci ty. The routine is written in such a way that yo u 
must assign all but one parameter, and the program will 
calculate the missing parameter. 

The entries in this routine are: 

• Screen diameter ···· 

• % of open screen area 

• Pumping rate 
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• Maximum entrance veloctty 

• Length of screen 

The dialogue box for this routine is as shown in Figure 
13-9. You will notice the hint: Type ? in field to be camputed. 
After yo u enter all other values, the program will replace 

, , \Vell Cons1ructioo Paramefers , 

Screen Diameter jinch ~~~ 
" of Open Arca of Screen 

Pumping Rate gpm -~ 
Max. Entrllnce Veloclty ' flls cJ: 

Length of Screen in eh i!: 
.¡...;..,...,.....,~ 

Figure 13-9 

the question mark with the calculated value. You will 
also notice that for ea eh parameter except the percentage 
of open screen area, wlúch is dimensionless, you may 
select units of your choice. 

Recommended Casing Qjameter. The program relates 
the design pumping rate of the well pumped with a ver
tical turbine pump to the optimum casing diameter. The 
diameter of the production-well casing should be two 
nominal sizes larger tl;:m ;;_le bowl of the pump to pre
vent the pump shaft from bending, to reduce head losses 
and to allow measurement; of water levels in the well. 
'The casing diameter may be reduced below the maxi
mum antid.pated pump setting depth. Suggested casing. 
diameters for various pumping rates are calculated ac
cording to recommendations in Walton ( Groundwater Re
source Evaluation, McGraw-Hill, 1972, _p.299). 

ztt 
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Screen Leng.th. The recommended screen length is a 
function of entrance velocities i.r).to the well. The screen 
léngth as calculated in this program is based in part on 
the effective openarea of a screenand anoptimum (criti
ca!) screen entrance velocity. If the length of a screen is 
less than recommended, implying higher entrance ve
locities than the maximum permitted, there will be a pos
sibility of screen openings being clogged by the 
púgration of finer particles from the aquifer toward the 
screen. This process and the critica! screen entrance ve-· 
locity depend largely on the type of aquifer material, 
which is reflected in aquifer permeability. Thus, the m-
put to the program consists of two components: (a) open 
screen area, (b) selected critica! (maximum) entran ce ve
locity. 

Figure 13-10 displays an example in which the screen di
ameter is calculated when the screen length and the per-

. ·· · . . · Wcll Construction Pauometers ':_ · !1~2Af•F 

Saeen Diameter ? !in eh [!l 
" DI Open Area ol Screen 11 

Pumping Rate 300 gpm ! 
Max. Entrance Velocity .11 ftJs ':!: 

length DI S creen 20 feet i 
>V» ........... ..:.-:,:: ""'"'": " :: HINT: I~~ ? In field ID be comeut,ed 

Ir ~i&~,,;,;.;;J 

Figure 13-10 

centage of screen open area are known, maximum en
trance velocity is assigned, and the well is to be pumped 
ata certain design rate. 
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The example is as follows: 

A screen 20-ft long, with 17% open area, is to be used for 
pumping from a well at 300 gpm pumping rate. What is 
the minimum permissible screen diameter which will 
guarantee that the critica! entrance velodty of ~.1 ft/ sec 
will not be surpassed? 

You should start by placing a question mar k in the first 
field (screen diameter). Type 17 for the percentage of 
open screen area, 300 gpm for the pumping rate, 0.1 ft/ S 

for the maximum entrance velodty, and 20 feet for l_eD.gth 
oflhe screen 

The program returns the value of 2.8 inches for screen 
diameter. 

Continuing with this example we will use metric units 
for a similar case: the open screen area is 17%, the screen 
length 10m, the well is to be pumped at 1000 m3 /day 
and the maximum permitted en trance velodty is 3 cm/ s. 
Find the well screen diameter which will keep the en
trance velodty less than the maximum perrnitted. Find 
also the recommended casing diameter considering that 
a vertical turbine pump with rated capacity of 1000 
m3 1 da y is designed to be installed in such a well. 

Place a question mark in the field Screen Diameter. Type 
17 for the % of Open Area of Screen. Type 1000 for the 
Pumping Rate, and change the unit to m3/day. Type for 
Max. Entrance Velocity 3 and change the unit to cm/s. 
Type 10 for the Length of Screen and change the unit to 
meters. As shown in Figure 13-11, the program returns 
2.8 in ches for the rninimum recommended screen diame
ter, ar.: 6 inches for the casing diameter in which a ver
tical turbine pump will be housed. 

This ends example number eleven. 
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· ~:. Welf Conr:.trur.tion Parameters 

Screen Diomcter 2.825817 jlndl li:l 
"af Open Are• ol Screen ~7.00 

Pumping Rate 1000.0000 ml/day ~' 

lolax. Entranee Velocity 3.000000 cm/S ~ 

length af Screen 10.000000 m ~ 

'"'''''''"''"'"'"'''"'"' 

f;;~R;:;~!;-~~d~~1=~~~~f~r?~~6]~~~m~F~~- ..... -... ~ .. ~~ 
Bt:~':':S1=Jili~2'tBr~~ttrr.ttBttt.IT~R~~;~-"""'~""'"'"'' .. J .. '-. 

Figure13-U 

I3-l3 
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CHAPTER FOURTEEN CROSS SECTIONS 

14.1 

INTRODUCTION 

14.1.1. General Using this application you may crea te lithologic, hydro
geologic or stratigraphic cross sections, and display on 
the screen and in reporting forms the following: 

• Uthology at borehole si tes. 

• Ground surface elevation along the cross section line. 

• Water levellines (static, dynamic, drawdown) along 
the cross section line. 

• Stratigraphic and lithologic contacts. 

• Well construction details, including the position of 
screen. 

• One or two chemical constituents or contaminants 
along well's depth. 

This application is a utility for drawing cross sections, 
adding a legend, and reporting. It uses the informa !ion
from the data base that was created using the Well Log 
and Uthology application (see Chapter Eight). The "in
tersection" lines, or various elevation lines added onto 
the cross section, are created using the Mapping applica
tion. The chemical concentration data are takenfrom the 
application Concentration-Depth. 

14.1.2. Application's As shown in Figure 14-1, the Cross Section application is 
Content comprised of the following major options: 

• Cross Sections. 

• Wells. 

14-1 
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CROSS SECTION 
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Cross Sli:tion fe.~ 
,!;.ross Sedion Y!iells ,Map jiñd Model .Qptions Help 

Figure 14-1 

• Map. 

• Grid Model. 

• Options. 

• Help. 

The Cross Section menu serves to create a cross section, 
to assign various attributes to the display and report, to r 
save or copy cross sections, to select vertical and hori· 
zontal scales and to check dimension of the drawing. It 
is also used to make a legend box with various text, in
cluding scale, and to position the legend onto the draw· 
ing. 

This menu is a1so used to select a reporting form and to 
print a cross section. 

Cross sections are created and saved as interna! files. Af
ter you create a section, display it on the screen, and 
eventually print it, you may save the completed section 
under its own name. Cross sections then become an in
tegral part of the Ground Water Information System 
(GWIS). You may retrieve cross sectións any time you 
open your data base, you may print cross sections or add 
sorne content. 

..-... '· 
:1!7) 

' . 
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Depending on 
when..you acti
vate the Cross 
Section menu, 
some or al! of 
the following 
options will be 
available, as 
shown in Fig
ure 14-2: 

• New Cross 
Section 

• New Cross 
Section 
Like 

• Old Cross 
Section 

• Clear Cross 
Section 

CROSS SECI'IONS 

MewC~••~~~~~~~r=~~~ 
New C~ss Scctian Ula:-
Qid C~ss Scctian 
!;lear C~ss Section 

~ave C~ss Scclian 
Savc C~ss Scclian ~ •.. 

t.lala: Lcgcnd 
Wrltc Tcx!ID Lcgend 
Write Scale tu lcgcnd 

Print Craso Sectian 
Print Setup 
Dimensiun 

Figure 1~2 

• Save Cross Section 

• Save Cross Section As ... 

• Edit Parameters 

• Units 

• Make Legend 

• Write Text to Legend 

• Write Scale to Legend 

• · Print Cross Section 

• Print Setup 

• Dimension 

• Exit. 
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14.2.1. New Cross When youselect New Cross Section, the dialogue box as 
Section shown in Figure 14-3 will be displayed. It will prompt . 

you to type in the X and Y coordinates for the starting 
and ending points, the interval of depth (Z coordinate) 
to be covered by the cross section, to assign a label step 
for the vertical axis, and to select a horizontal and verti
cal scale. 

1 

...... Poónt 1m! 
. xlf""'----, y 

1 

z Coardinatc ~ 

_-1 1 Tol 

¡ ...... ~zolltell:j 

Figure 14-3 

labcl Sll:p 
Ir:'---, 

You will also have a chance to control the drawing by 
selecting the More button (see Figure 14-3) which will ,. 
then open another dialogue box as shown in Figure 14-4. 
There, you may control the drawing margins, colors of 
various parts of the drawing, lines and fonts. Keep in 
mind that 
themargins 
refer to the 
f r a m e 
around the 
drawing, 
not to page 
margins. 
Thisisnot a 
"fit-to-pag 
e" drawing, 
but rather it 
should fit 
the report

~ b'"""'"'~···''J 
!•••''"""'ir>>r,,,• J b~.u¡¡,;,..·.j 
ka.ati!.:Mf~"-nJ f;??~~~--t~.:·.~:,J 

Figure144 

w~· . "'""']' :· ... , Labld: ~'JI.~-;1:: ::; 
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ing form that you may have created using the option 
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14.2.2. New Cross 
Section Like -· 

14.2.3. Old Cross 
Seétion 

CHAPTER14 CROSS SECfiONS 

Tools from the main menu bar, followed by Report File 
Editor. 

~~ 

The New Cross Section option is also used when you 
selecta cross section line from ene of the existing maps 
by selecting the starting and ending points with a molJSe. 
You willlearn how to do this in Section 14.5, Adding 
Wells by DrawingCrossSection Line on the Map. 

Use the New Cross Section Like ... option to create a 
new cross section without lithology, without wells, or 
without any other content except for the coordina tes of 
t.'l.e starting and ending points, scales, and drawing pa
rameters. Actually you will use everything from the ex
isting section except the content. This option is useful 
when you are not satisfied with the content for whatever 
reason For example, you may wish to modify the leg
end, change the attributes for any line that is displayed, 
or·reduce or expand the width of lithological columns at 
boreholes. 

When you select this op
tion the dialogue box 
su eh as the ene shown in 
Figure 14-5 will open. 
The GWW program dis
pla ys the list with all 
named cross sections 
saved in previous ses
sions. 

You will use this option 
when you want to dis
play the cross section, 
print itas it is, or modify ' 
it before printing and 1 or 
saving. When you select 
ene of listed cross sec-

Seled • en.n SeaiOD 

1 1 

Figure 14-5 



14.2.4. Clear Cross 
Section 
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14.2.5. Save Cross 
Section 

14.2.6. Save Cross 
Section As ••• 

CHAPI'ER14 CROSS SECTIONS 

tions, it will be displayed on the screen. The na me of the 
cross section will be displayed in the title bar on the top. 

NOTE. Always look at the title bar to see with what you are 
currenzly working. This helps to prevent accidental changes, 
unwanted saving and overwriting. 

This opti.on clears the content of the currently selected 
cross section. What remains is the coordinate "system", 
that is the X and Y coordina tes of the starti.ng and ending 
points, scales, and attributes. If you keep working with 
this "cleared" cross section and save it under the same 
name, that is by selecting option Save Cross Section, the 
previous content will be erased ("cleared") and the new 
content will be saved instead. 

When you finish working on a cross section you may 
want to save it You ha ve two opti.ons: (1) to save It under 
the name that is displayed in the ti.tle bar, (2) to save it 
under a different name. The option Save Cross Section 
saves onl y under the same name as shown in the ti.tle bar. 
If this is an untitled cross section, that is a new section, 
this option will be dimmed, which means unavailable. 

When you work on a new cross section, this will be the 
only "saving" option available. You will be prompted to 
assign an interna! cross section name. If you worked 
with an existing cros~ section (you used the opti.on Old 
Cross Section), you will ha ve the. option to save it by 
selecting either Save Cross Section, in which case the 

· same section title will be kept and its content overwrit
ten, or by using the option Save Cross Section As _., in 
which case you will assign another name to the modified 
secti.on without affecting the content of the one with 

zq¡ 
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which you started. In this 
second case the dialogue box 
as the one shown in Figure 
14-6 will be displayed. 

CROSS SECTIONS 

v-"'1 
14.2. 7. Edit Parameters Yo u may edit the parameters ¡..., l 

14-7 

of an existing cross section. 1 e ¡ 
When you select this option, 
the dialogue box as shown in 
Figure 14-7 will be dis-
pláyeCi. You may modify 
anything in this box, al- Figure14-6 

though normally, you will 
probably want to change one or both sea! es, and the ver
tical interval of the display (Z Coordinate From .. To). 

1 Starting Po;nt [ml 
X 1653600 1 V 1•37150 1 1 

¡· End;ng Po;nt [m] 
X 1674300 1 V 1966625 1 1 

Z Coordina!• [m] Label Step 

From 1-100 1 Ta !120 1 lto 1 

IScolea 
. Honzontal 1: j175000 1 Vertu::aJ 1: jlBOD( 1 1 

1 i oli.'·~··.;¡ ¡·:·.,.;,;...;e¡ ¡ ! J;:>wo,..J,, ] 

Figure 14-7 

Remember that there is the More option which opens 
another dialogue box in which you control drawing pa
rameters. The normal procedure in editing cross section 
parameter~ wouk. be to select scales and then check the 
dimerlsion' (size) of the cross section by selecting option 
Dimé~sion from tl,e same menu. The display may look 
as shown in Figure 14-8. If not satisfied, you may return 
to the Edit Parameters option and modify one or both 
scales. 
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14.2.8. Make Legend The legend will usu
ally consist of sorne 
text, scales, lithological 
symbols and descrip
tions, and various in-

14.2.9. Write Text to 
Legend 

14.2.10. Write Scale to 
Legend 

14.2.11. Print Cross 
Section 

Figure 14-8 

tersection lines that you may superimpose onto the 
drawing. Using this option, you may position the legend 
box onto the drawing, assign its X and Y size, and add 
sorne offset to the frame to move it from the drawing's 
frame. To learn more about creating a legend, please read 
Section 14.8. 

You may write sorne text to the legend, line by line. Ea eh 
time you select this option, yo u will be prompted for text 
and for fonts for the text. The text lines will be printed in 
vertical succession from top to bottom within the legend 
frame you designed using the option Make Legend. 

Using this option, the program will add horizontal and 
vertical scales to the legend. 

When you decide to print a cross section, the program 
will display the list of á.ll the available reporting forms. 
You may select one of the forms, and the program will 
print the report. · 

14.2.12. Print Setup This option is explained in Chapter S, Sectiun 5.4. 

14·8 

14.2.13. Dimension As mentioned earlier in paragraph 14.2.7., you will use 
this option frequently to check the size of the drawing. 
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ADDING WELLS TO 
A CROSS SECTION 

:;; .. 
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The numbers, which are in centimeters by default, as 
shown.in Figure 14-8, include drawirig margins. The fol
lowing is important to keep in mind: cross sections are 
printed using either a default reporting form or one 
which you created. When you crea te a reporting form, 
you assign the d.imension and position of the drawing 
field. The dimensions assigned using the Tools option on 
the main menu and Report Form Editor should match 
_the dimensions of your current cross section in order to 
print its whole content 

For example, currently you have a cross section repórt
ing form which is prepared for the drawing size 250 mm 
horizontally by 154 mm vertically in landscape orienta
tion, and 180 mm horizontally by 250 mm vertically in 
portrait orientation. If your drawing's dimensions, as 
disFlayed using this option, are less than the reporting 
form's drawing field, the cioss section will be centered 
within the drawing field. If they are greater than the 

. drawing field, a portion of the cross section will not be 
· printed. What will be printed will start at.the lower left 

comer of the reporting form's drawing field. 

The cross section would not be the subject of this chapter 
had it not been for wells that have lithology identified 
and described. Adding wells toa cross section is the next 
step after you have selected your cross section line and 
defined its parameters. 

The second option on the 
application's menu bar, 
Wells, is comprised of the 
following, as shown in 
Figure 14-9: 

• Select Working Set 

• Select Working Group 

Select Worlcing .!!roup 
Select w.r,. Within Bange 

Add Wells to C.Section 

Add to 

Figure 14-9 



14.3.1. Select Working 
Set 

_ __ 14.3.2. Select 'Yorking 
Group 

14.3.3. Select W orking 
Group Within 

Range 

14-10 
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• Select Working Group Within Range 

• Add Wells to Cross Section 

• Add Lithelogy to Legend. 

Yo u use the Select Working Set option in the same man
ner as in any other application. lts use is explained in 
Chapter 5, section 5.3. Its purpose is to reduce a large set 
with many wells to a smaller set of wells which may be 
selected for any reason. 

Only the wells that are included in a working group can 
be added te a cross section. You may select a working 
group in many ways. One would be to use this option on 
the Wells menu, and manually pick wells ene by ene 
from the linseleeted list of wells. The other weuld be to 
use this option and apply one of selection conditions. For 
example, yeu could use well names, X or Y coerdinates, 
type of aquifer, etc. 

An alternative te selecting wells by names or identifica- .~ 
tion is te select them directly from a map. This will be 
explained in Section 14.4. Whichever method of selection 
you choose, the list of selected wells willlook semething 
like what is shewn in Figure 14-10. 

Once you identify a cress section line and have a list of 
wells comprismg your working set, you may crea te wells 
te make your working group and add them te a cross 
section by specifying the range from the section line. 
When yeu select this option, the number you supply is 
interpreted by the programas the spacing on either side 
ef the cross sectien line within which the wells will be 
used and projected onte the section line. If yeu type 400, 
fer example, this weuld mean that you want all wells 
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P0-1 
PO-S 
1'0-4 
P0-5 
SRRG-10 
SRRG-S 
SRRG-4 
SRRCH; 
SRRG-7 
SRRG-8 
SRRG..¡j 

CROSS SECfiONS 

i~:~%f~;~~~fÁJ(0it ~~~\~~P~~~\~·;-~~ 
/f[~f~b\1 ~~~~Yl 

Figure 14-10 

that are less than ·400 m from the cross section line to be 
projected onto the line. 

Befare you decide to create a working group, it is impor
tant to check that there are no wells currently making the 
group. The method that you use to select wells will su
perpose new wells onto the list of existing wells in the 
group, and you may plot sorne unwanted wells. Always 
display the list of selected wells by returning to the op
tion Select Workíng Group. Check the list, as shown in 
Figure 14-10, befare you apply the next option, Add 
Wells to Cross Section. · 

14.3.4. Add Wells to When you are satisfied that wells on the listas displayed 

14-11 

Cross Section with the option Select Workíng Group are the enes you 
wish to have plotted, you may apply the option Add 
Wells to Cross Section. There may be one intermedia te 
step befare you do this; that is select the width of li
thological colurnns for wells. This is done by using Óp
tion Options from the menu bar, which will be explained 
in Section 14.6. 

After you select Add Wells to Cross Section, the wells 
selected will be plotted. 



14.3.5. Add Lithology 
toLegend_ 

14.4. MAP 

14-12 
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Using this .option you will be prompted to select li
thological symbols that may appear on the currently clis
played cross section to have them become a part of the 
legend. 

Selecting cross section lines and wells that will be plotted 
on cross sections directly from a map is a much more 
convenient method than creating cross sections by typ
ing coordinates of starting and encling points and pick
ing up wells manually. This option on the menu bar, 
whlch is highlighted in Figure 14-11, prompts yo u first to 
load a map, and then to create either a working set ora 
working group. Of course, to use the option, you must 
have created ene or more maps showing the locations of 
wells with available lithological data. You may create 
such a map ~g the Mapping application. 

Fig¡rre 14-11 

1. Select Load Map. 

The procedure for se
lecting cross section 
lines and wells using· 
maps is explained 
with the following ex-
ample: ·' 

2. The Load Map dialogue box as shown in Figure 14-12 
is clisplayed. In this. example only ene map has been 
created using the 
Mapping applica
tion. The map was 
saved under the 
name BASIC. You 
will double click on 
the name BASIC, or 
click it once and 
pressENTER 

3. The map as shown 
in Figure 14-13 will Figure 14-12 

1 

2H 
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be displayed. Tiús map contains (a).locations and 
identifications of wells, (b) water leve! contours for a 
certain date. Only locations and identifications of 
wells are of importance for lithological cross sections. 

4. You will notice severa! buttons vertically aligned on 
the right side. These buttons offer severa! options for 

Figure 14-13 

selecting wells. You may select wells by selecting a 
rectangle, a free drawn area, points by points, or by 
drawing a cross section line and selecting a range 
from the line. 

Figure 14-14 shows a portionof the but- ::seünAitia} 
ton line. If you select the button :: r.EndPoilifr 
Sel.In Area, you will need to draw 
a polygon around the wells that yo u :'E:ndJi.reíü' 

. wish to select. Yo u will start by Dig.Enci~,1 
clicking the mouse on one point, , . . ::·l. 
move the mouse a certain distance, _ ........................... ~" 
click it again, and repeat this until 
yo u come el ose to the initial point. Figure 14-14 
Then you will click on the End 
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Point button to close the area. Using this button, the 
last selected point will connect with the first point, 
complete! y closing the area. Yo u may repeat the same 
procedure with another area, selecting sorne distant 
points that could not be entered into the first area. 
When you have finished creating areas for selecting 
wells to be in the working group (or working set), 
you must click on End Area. The selected wells will_ 
then become a part of either a working group or a 
working set, depending on what yo u ha ve attempted 
to create. 

Another way to select wells is to use the buttons 
Sel.Points and End Points as shown in Figure 14-15. 
Keep m mind that every method selected adds new wells 
to the working group list. So if you 
wish to start from scratch, you 
should go to Select Working Group 
option and unselect all wells before 
you start adding them to the list. 

When you click on the Sel.Points 

: 1 '¡sef?Oln~Vf ·:: . '--· ..... ,. ........ 

:: 1 :Enti ?oiniSgl 

button you may proceed by clicking Figure 14-15 

on or near a well location to be se-
lected, one by one. Each time you click on a new well its 
identifica 'ion is added to the working group list. To end 
the selection, click on End Points. 

You may also use the option Sel.In Rect. which stands 
for selecting wells within a rectangle. Click on this but
ton, move the cursor to one of rectangle corners, click 
and drag the mouse and notice that a rectangle is being 
shaped. The button Sel.In Rect. and the rectangle se
lected with four wells in it are shown in Figure 14-16. 

Figure 14-16 

(·~Fi!"""Wi~CPJ 

"Sél.iti~'

f~? 

i;'¡JjPiiifiJ: 
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ADDING WELLS BY 
DRA WING CROSS 

SECTION LINE ON 
TIIEMAP 
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You may also add wells by drawing a cross section line 
on the map. Todo this, select wells by defining the cross 
sedion line, and by displaying all wells that are 5000 m 
from the line. Select the last button la-
beled as Dig.End.Pts, as shown in Fig-

ure 14-14 and blown up in Figure 14- . :JJ;!~~ti~J 
17. Move the cursor to one end of the . -· ....... 
future cross section line. Hold the left 
button of the mouse and drag the cur
sor to other end of the line. Release the 
button. The line will be drawn as 
shown in Figure 14-
18 . 

Figure 14-17 

. Now go to the Cross 
Section menu and se
lect New Cross Sec
tion, as shown in 
Figure 14-19. The pro
gram will display the 
dialogue box named 
Cross SectionParame
ters as shown in Fig
ure 14-20. Only the 
coordina tes of start
ing and ending points 
of the cross section 
line, as drawn by you 
in the step before, 
will be displayed. 
You should fill in 
other fields to 
complete the cross 
section definition. 
The display may 
look as shown in 
Figure 14-21. You 

Figure 14-18 

Figure 14-19 
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Endolg Poont 
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1 

ZCoardo .... 

Fromj 1 Toj 

Figure 14-20 

should definitely check the dimension to dedde whether 
you need to modify the scale. 

If your working group was empty, you should go to the 
Wells menu, and select the option Select W.G. Within 

1 ~ ~-1:166S=a76=----, Y 1937300 

y la&7•oo 

1 

z Coor<lnato . 

F'om 1·100 1 Tojr:-120,----, 

Figure 14-21 

Range. Whe_n Forr:pted for distance, type 5000 as 
shown in Figure 14-
22. 

Now select the op
tion Select Working 
Group to confir-m 
that only the wells 

--
Figure 14-22 

301 
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CREATING CROSS 
SECTION WITH 

SELECTED WELLS 
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you wish to have plotted comprise the list. The display 
in our example looks as shown in Figure 14-23. 

Unsejected ttems 

SRRG-3 
SRRG-<1 
SRRG-5 
SRRG-9 

Selecred ftems 

PO-I 
P0-3 
1'0-4 
P0-6 
SRRG-10 
SRRG-7 
SRRG-5 

if;1J~~WJ ifli~.~;¡;'l 

s+«oou!:l ¡w~;;;¡;¡-:,1 
[:· 't '··2 . ! 

Figure 14-23 

The final step is now to add the selected wells to create 
the cross section. From the Wells menu select Add Wells 
to C.Section, as shown in 
Figure 14-24. In a moment, 
the wells will be plotted, 
and the screen display may 
loo k as shown in Figure 14-
25. Hoi\rever, th:: widths of 
well lithológical columns 
will be 10 mm by default. If 
this is not what you would 
like to ha ve, before you de
cided to plot wel!s you 
should have se!ected an-

·select Working yroup 
Select W.G. Wlthln Bange 

8dd Wells to C.Section 

Add uthology to !,egend 

Figure 14-24 
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Figure 14-25 

other width. This is done by selecting the option Options 
on the menu bar, as shown in Figure 14-26, then selecting 
Column Plotting Style and clicking on Set Column 
Width. The dialogue box labeled 
Lag Plotting Style will open 
prompting you to type another 
column wid th in millimeters. The 
dialogue box is displayed in Fig
ure 14-27. Type the new number 

s Sect~o!l {c;\gwd\cc 
Options 
Set Column \llicfth 

and select OK or press ENTER Figure 14-26 

Horizontal S~le ',: JF-ii~l~lll~===l 
Colurnn Wldth lrnrn) 1'-'5'--------' 

O Plot Well Conatructlon 

·"_..,.,., -----Chernle&l C~natltuent. 

In the termi
nology of 
the GWW 
package, 

To 'the Rlght l<nonc> !el 
To thc Lcft [-none> 1'1111 

Figure 14-27 

363 
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"intersection line~· is the vertical projection of a grid 
model along the cross section line. You will leam in 
Chapter 15, Mapping Application, what grid models are 
and how they are created. A grid n'todel is a collection of 
sorne value for ea eh cell of a model. In the Mapping Ap
plication you decide on the grid, the number of rows and 
columns, and the spacing along rows and columns. You 

- then use the program to interpolate or extrapola te ran
dom values at sorne points to create a grid model in 
which a selected parameter will have one value for ea eh 
cell of the model. These grid models are saved intemally 
with sorne meaningful names. 

In the case of cross sections, you may be interested in 
having the following lines drawn: 

• Ground surface elevation. 

• One or more w·a'ter table or piezometric pressure ele
vations. 

• One or more lines connecting either lithologic units 
or stratigraphic formations. 

We may add one or more such lines to complement our 
lithologic cross section. 

You will notice the option Grid Model on the applica
tion's menu bar. When you select this option the sub
menu as shown in Figure 14-28 will be displayed. The 
Get Intersection Line option offers a list of all possible 
grid models in your current GWIS. The Edit Line Attrib
utes is a routine Wm
dows procedure to 
select colors, line 

· thlciale5s and pattem 
(salid, dashed, dot
ted, etc.), and label
ing fonts. The Plot 
Intersection Line i s 
the plotting option or 
adding the line onto 
the cross section. The 

lntersection Une to legend 

Figure 14-28 



14.7.2. Get Intersection 
Line 
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Intersection Line to Legend is used to add the line with 
its attributes and some text defining the line to the leg
end. You should use these options starting with the top 
and ending with the bottom. 

When you select _the option Get Intersection Line, the 
dialogue box as shown in Figure 14-29 displays a list of 
all available grid models and prompts you to select one. 

When one of the available 
grid models is selected, the 
options Edit Line Attrib
utes and Plot Intersection 
Lineare available, as shown 
in Figure 14-30. When you 
click on Edit Line Attrib
utes, the dialogue box as 
displayed in Figure 14-31 
prompts you to modify the 
default line pattern (one of 
six possible combinations, 

Figure 14-29 

see Figure 14-32); default line thickness, which is 2 (2/10 
of a millimeter) using 
the thicknesses from 2 
through 10 (see Fig
ure 14-33); line color 
using the whole Wm
dows-supplied pal
ette; label font (see 
Figure 14-34); etc. You 
may break the line by 
inserting certain text 
such as SWL for static 
water level, or the 

f.dit Une Attributes 
flot lntersection Une 
lntersection Une to Le 

Figure 14-30 

name of a formation. For this you use the Label field. The 
entries Distance #1 [mm], which bJ_default is 40 mm, 
means that your label will start 40 mm from the begin
ning of the cross section line. The second distance num-
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Pen Attributes 
Thidcness 

Une Pattem 

jsolid Une 1!1 
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Figure 14-32 

z 
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Figure 14-31 . 

Pen Attributes 
Thickness 

Figure 14-33 

ber, by default 120 mm, means that there will be a gap of 
120 mm between two successive labels. For example, if 
yo u are plotting the 
ground surface ele
vation line and 
want to !abe! it as 
LS Elevation, the 
plotted segment 
with the !abe! may 
look as shown in 
Figure 14-35. 

,..,., .. 
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14.7 .4. Plot Intersection 
Line 
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Once you have selected a line to plot, edited it and modi
f! o:d the defaults, you may plot it by selecting the option 
Plot Intersection Line. 

'. !!11 
~- ::;¡;::~ii 

·::::;·:.·· 
;:.:.:.;;·--

; ;, .'a"l. 

Figure 14-35 

Adding a legend toa cross section was briefly mentioned 
in Sections 14.2.8. through 14.2.10. You will notice a block 
of options on the Cross Section menu, Figure 14-36, on 
the Wells menu, Figure 14-24, and on the Grid Model 
menu, Figure 14-28. 

The option Make Legend on the Cross Section menu 
prompts yDu to select the relative position of the legend 
!'rame within the drawing. The dialogue box is displayed 
in Figure 14-37. With a little bit of patience yo u may place 
the legend frame to any place on the cross section draw-

r , ,_ 
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Make Legend 
Write Text to Legend 
Write S cale to Legend 

ing, -either within the cross 
section or outside. Again, you 
should be careful and pay at
tention to the size of the draw
ing field of the reporting form 

Figure 14-36 
that you will select for print
ing, as well as to the size of the 

cross section drawing to be placed on the reporting form. 

The example shown 
in Figures 14-37 and 
14-38 creates a leg
end frame 40 mm 
high and 30 mm 
wide, and positions 
it in the Iower right 
cerner of the cross 
section, with 5 mm 
offset from the right 
vertical axis and 1 
mm above the 
lower x axis. When 
you make the leg
end frame it may 
not be always dis
played immedi

Legen·d Posftiontng 

Relate comer potnts of mep end lcgend 

legcnd Comer Polnt 
Lowerl.cft 
Upper Left 
U er Riaht 

Addltianel Offse~ 

xj-s 1 Y~ 

Figure 14-37 

ately. U this is the case, you should refresh the screen dis
play by selecting one of sizing buttons (the small arrows 
in the upper right comer of -· 
the window). .,, 

The next step is to write sorne 
text using the option Write 
Text to Legend from the 
Cross section menu. Suppose 
you type the word LEGEND 
as shown in Figure 14-39, 
then select the option Write 

Figure 14-38 

·lil: . 

·ID .: 

-11W)" . .,.., 

Scale to Legend. Then you will select the option Add 
Lithology to Legend from the Wells menu as displayed 
in Figure 14-40. The dialogue box labeled Select Lith. 
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!LEGENoj 

Figure 14-39 .. 

CROSS SECfiONS 

Seled Worldng jlraup 
Seled W.G. Wrtllin Bange 

Add Wells to C.Seclion 

Add 

Units will list al! available 
codes for lithology. This is 
shown in Figur~ 14-41. Since 

Figure 14-4Q 

¡ Sclel:t llth Units 

Figure 14-41 

lithological cross sec
tion with the legend 
block may look as dis
played in Figure 14-43. 

14.9. OPTIONS Using Options menu 
you may enhance your 
cross section by adding 
well construction de
tails and decidíng on 

the legend block will con
tain codes copied as they ap
pear in the ·list, yo u should 
select only the ones that 
have a clear descriptlon of li
thology. The acronym 
CWIOS, which was created 
to present .Clay J;Yith lnter
beds Qf Sand, will have no 
meaning in the legend. 

The final display of the leg

end block may look as 
shown in Figure 14-42. The 

~·. 

a•:' 
LE GENO .10 

1•150000 
1:1500 ao· 

'·:-.. 

~ t<A' 

·-. o<> 

4iJ• : 
,;:, 

-100 

:-:.:-:-.... , .':·. 

,,,, 
"'""'" "" 

67~lSB .......... :·. 

Figure 14-42 
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···.·.··-···- ·-· .... ,•• .. •,•· ... ·-. ··.·· .. ---· . ··-·-··.·.· .. -· . 

. -: .• -:··~ ~ -~-. : • ~-~ ·=··· . : .. >· . .... · .. 
.;.. -: .. · .. ·.·. -.:-···· 

Figure 14-43 

plotting one or two chemical constituents along the 
wells. 

When yo u click on Options from the main m en u, the dis
play is as shown in Figure 14-44. You are offered to select 
the Column Plotting Style orto Edit Chemical Concen
tration Parameters. The first one is used for adding well 

Figure 14-44 
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14.9.1. Colu.mn Plotting 
Style 

14.9.2. Edit Chemical 
Concentration 

Parameters 
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construction details an for selecting the width of vertical 
columns (with or without well construction). r 

When activated this option expands to a dialogue box as 
shown in Figure 14-45. The box, titled Log Plotting 
Style, offers by default the horizontal scale 1:100 which_ 
can be overridden. It also offers a column width of 5 mm. 
You will notice a small square box with the text Plot Well 
Construction. Click on this box if you wish well con
s~:Diction details to be displayed. 

The lower part of this dialogue box willlet yo u select one 
or two chemical constituents to be displayed either on 
left or right side of the lithologic column. By default, 
none constituent is selected. However, if yo u wish to plot 

Column Width (mm) t.:ls:__ __ _ 
O Plot Well Construction 

Chemlcal Constituents 

To lhe Rlghtj<none> @ 
To lhe l.cft j<none> @ 

Figure 14-45 

a constituent, click on the bar with arrows on either To 
the Right or To the. Left option. GWW will open a list 
with all chemical constituents that you have declared in 
the Data Structure.tool on the GWW Main menu bar for 
the application Con.::entration-Depth. One example of a 
list of coristituents is shown in Figure 14-46. · 

The second option under the Option menu is titled Edit · 
Chemical Conc.Params. It is intended to give you a 
chance to enhance the presentation by selecting severa! 

r 
' 
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attributes for each · 
constituent to be 
presented. When 
you click on Edit 
Chemical 
.Conc.Params, the 
,dialogue box as 
'shown in Figure 
14-47 is dis
played. Titled 
Constituents Al
tributes, i t p re
sents the list of 
constituents on 
the left side, and 
attributes such as 
Line color, Fill 
color, and the range 
of values to be dis
played. You may 
also choose be
tween logarithmic 
and linear (bar) dis
play, and you may 
select the width for 
plotting the concen
tra tion-depth dia
gram on the cross 
section. 

CROSS SECfiONS 

Horizontal Sea le 1: lt DO 
~=~ 

Column Width [m mi ._ls ___ __, 

O PIDI Well Construction 

Figure 14-46 

... -· No Hu .. .,..,-;, >11 mc.ii. .. l HCOJ-
Cl .. ~ .. ~ 
~ lo 111000 1 

'Nklth ~~ lor C'USC ITQ 
aectiOC'I plotbng 

O LDprftmic 0Ber 

¡¡ ....... 11 ..: QJ:.' •, ·1 

Figure 14-47 

One example of a lithologic cross section with well con
struction details is shown in Figure 14-48, and with 
chemical content diagrams on Figure 14-49. Both well 
constrüCtic)n and chemical concentration of chloride and 
the total dissolved solids are shown in a zoomed portien 
of the same cross section in Figure 14-50. 
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Figure 14-48 

IUDlW. ...... c-l ......... lblal'aJ-:1 
oa',-------------------------------------,a• ., - -- --

• 

- -- -- -- -- -
Figure 1449 

14-28 



CHA.PrERI4 CROSS SECTIONS 

...,. LineJOD-CI-TDS 

on the left si de (max. 220 ppm) 

TJ:6 on theright side (max. 2200 ppm) 

-
Figure 14-50 
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CHAPTER FIFTEEN MAPPING APPLICATION 

15.1 INTR.ODUCTION 

15.1.1. General Using this application you may crea te various thematic 
maps: 

• Location maps with wells, sampling points, survey
ing points, benchmarks, etc. 

• Contour line maps showing ground surface eleva
tion, water levels, depth to water, equal transmissiv
ity lines, TDS contour lines, contaminant contours, 
etc. 

• Landfill and other fadlities boundaries, extension of 
contaminant plumes, etc. 

This application is a utility for creating maps, adding 
legends, superimposing various lines, areas, points and 
texts, and reporting. It uses the information from the 
data base, with the Make Random option (see Chapter 
Five) from other applications. It creates grid modei.S 
from random points, associating a value of a distributed 
parameter with each cell in the model. 

Location maps created in this application but based on 
the Random Model routine from other applications are 
used to select working sets of wells directly from the 
map. 

15.1.2. Application's As shown in Figure 15-1, the Mapping application is 
Content comprised of the following major options: 

• Map 

• Grid 

• Random 

15-1 
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• Area 

• Une 

• Text 

• Help 

= Mapping (c:\gwd 

Map Grid Random Area .Une Iext Help 

Figure 15-1 

The sequence of operation is normaJ,Iy as follows. 

l. You selecta coordina te system for a new map. This 
means you select the range of X and range of Y val
ues. Then you decide on the scale of the map, check 
the dimensionofthe map atselected scale. You select 
sorne attributes for the map, such as fonts, colors, etc. 
All this is done using the Map menu. 

2. The next step is to use one set of random points to (a) 
add them and display on the map, (b) create a grid 
model from random points. This is done using the 
Random menu. 

3. You enhance your map by adding various are as, lines, 
and texts. This is done using the Area, Line, and Text 
menus. In the process you are building a legend 
block. 

4. You use the Grid menu to create a grid model from 
random points, to calculate various contour lines, 
and to add contours to the map. You may enhance 
your contour map by adding colors to certain areas. 
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15.2. MAP The-Máp menu serves to crea te a map, to assign various 
attributes to the display and report, to save or copy 
maps, to select the scale and to check dimension of the 
drawing. It is also used to make a legend box with vari
ous text, including scale, and to position the legend onto 
the drawing. 

-"fhis menu is also used to select a reporting form and to 
print amap. 

Maps are created and saved as intemal files. After you 
create a map, display it on the screen, and print it, you 
may save the completed map under its own name. Maps 
then become an integral part of the Ground Water Infor
mation System (GWIS). Yo u may retrieve maps any time 
you open your data base, you may also print a map, or 
add sorne content. 

_, Depending on when you activa te the Map menu, sorne 
or all of the following options will be available, as shown 
in Figure 15-2: 

• NewMap 
H~wMap 

New Map J,.Jte •.. 

• New Map Uke ... .Qid Map 
.l;lear Map 

• OldMap 
.Save Map 

• OearMap Save MapAs ••• 

• SaveMap 
Mate l.egend 
Wrlte Textto Legend 

• Save MapAs ... 
Wrlte Scaleto Legend 

fdH Parameters 
• Make Legend 

Print Map 

• Write Text to Legend Prlnt Setup 
Oimension 

• Write Scale to Legend lmport DXF Ale 

• Edit Parameters Exit AII-F4 

• Print Map Figure 15-2 
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15.2.1.. New Map 
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• Print Setup 

• Dimension 

• Import DXF File 

• Exit 

When you select New Map, the dialogue box as shown 
in Figure 15-3 will be displayed. It will prompt you to 
define the mini
mum and maxi
mum coordi
na tes for the 
map, tick dis
tance (the spac
ing between tick 
marks along 
axes) and scale 
of the map. An 
example of a 
filled in Coordi
nate System Pa-
rameters 
dialogue box is 

¡::== 1 Te 1 

..._ 1 To 

.... ,. 1 

._.,, 

Figure 15-3 

shown in Figure 15-4. It would be interpreted in the fol
lowing way. The 
map will originate 
at the lower left 
point with coordi
n a t e s 
628000,938000, 
and will terminate 
at the upper right 
point with coordi
n a t e s 
678000,970000. 
Ticks will be 
drawn on the in
side of the map 

-------------lotf'«&;"•"'' :>v.fto:ot> 1~•-n ,• 

1 To t57MICIII 

.._ !u.·· \11IIDDO 

u.• ¡. 11 

a-. t· !fteOGo 

Figure 15-4 
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border at 5000 units spacing. The scale of the map ·will be 
1:250,000. 

You will also have a chance to control the map drawing 
by selecting the More button (see Figure 15-3) which will 
then open another dialogue box as shown in Figure 15-5. 

'------- --- ---- ---~ ~------------- -·-
' . Mzp Dr:a"lftng Parametcrs · 

Margins (mm] 

Left /lt·l!!! 1 Right j126 1 Above ~ Below §=:J 

Cotors /BXF'iimiH?iftl>:;;;'i'i~ 
¡;;~: .:iiOi.te.:,;;t;w;JJ ~~~'COilf<B~;;;'%1 
/~Cfi~ij.4y;q jL:·Nií;i'(Bb$¡ ;-;;,¡] 

Figure25-5 

Font 

l "~'"""''~·r·-· ·"~''"! ./'f!Capl<iliel :>> •• 

Ttck Height (mm] 

j100 

There you may control drawing margins, colors of vari
ous parts of the drawing, lines and fonts. Keep in mind, 
that the margins refer to the frame around the drawing, · 
not to page margins. This is nota "fit-to-page" drawing, 
but rather it should fit the reporting form that you may 
have created using the option Tools from the main menu 
bar, followed by Report File Editor. You may also mod
ify the default tick height of 100 mm. 

15.2.2. New Map Like -· Use the New Map Like ... option to create a new map 
using one of existing maps but without any content, ex
cept for coordina tes of the map, scale, and drawing pa
rameters. Actually, you will use everything from the 
existing map except its content. This option is useful 
when you are n6t satisfied with the map content for 
whichever reason. Say yo u wish to modify the legend, or 
you wish to change attributes for any line that is dis-

15-5 
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played. When you select this option you will be 
pwmpted to specify which one of existing maps you 
wish to copy, as shown in Figure 15-6. AlLyou will see on 

~~--~'~ 
~. ·::<- • ' 

~~~~r-----------

.. Ncw Map Utc otn Ex1stmg One 

Sel,ect 1111 E>dstlng Map 

BASIC 

Figure 15-6 

''''01''''1 
¡;:c..~i'j 

IYDddóil 

::~:----.¡.-------·· ··--·-········ .. --··············!-··-···-·········-·!·····--·-···········; ······--·-········'-··· 

-~--~----r-----~----r-----~----------~ 

-"' _, . ..,.. 

.~.~~----+-----~----~----------------~ 

' 1 ' ' -------~--- . 

,:_ ~!. : • 

: ,_,.·, 
. :..:.:a,' 

.-. ·'..,.. 
~-:-:j_ ______ j_ __________ L ________ j ___________ .... : .... : ______ .:__ 

· · :l·:;l-::·:.J:<_:::<:F::{.l···. t:::::l~ 

Figure 15-7 

the screen \Yill iJe t.i1e coordina te system, as shown in Fig
ure 15-7. 

15.2.3. Old Map When you select this option the dialogue box similar to 
the one shown in Figure 15-6 will open. The GWW pro
gram displays the list with all named maps saved in pre
vious sessions. 

J21 
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You will use this option when you will want to display 
the map, print it as it is, or modify it before printing 
and/or saving. When you select one of listed maps, it 
will be displayed on the screen. The name of the map 
will be displayed in the title bar on the top. 

NOTE. Always look at the title bar to see with what you are 
- currently working. This helps to prevent accidental changes, 

unwanted saving and overwriting. 

15.2.4.. Clear Map 

15.2.5. Save Map 

This option clears the content of the currently selected 
map. What remains is the coordina te "system", that is the 
X and Y coordinate axes, scales, and attributes. If you 
keep working with this "cleared" map and ·save it under 
the same name, that is by selecting option Save Map, the 
previous content will be erased ("cleared") and the new 
content will be saved instead. 

When you finish working on a map you may want to 
save it. You have two options: (1) to save it under the 
name that is displayed in the title bar, (2) to save it under 
a different name. The option Save Map saves only under. 

· the same name as shown in the title bar. If this is an un
titled map, that is a new map, this option will be 
dimmed, which means unavailable. 

15.2.6. Save Map As -· When yo u work on a new map, this will be the onl y "sav
ing" option available. Yo u will be prompted to assign an 
internal map name. If you worked with an existing map 
(you used the option O id Map ), you will have the option . 
to saveM bv ~iecting-either Save Map, in which case the 
same map title will be kept and its content overwritten, 
or.by U$ing the option Save MapAs ... , in which case you .. 
will assign another name to th.e modified map without 
affecting the content of the one yo u started with. In this 
second case the dialogue box similar to the one shown in 
Figure 15-6 will be displayed. 
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15.2.7. Make Legend You will notice a block of opti6ns on th.e Map menu, Fig
ure 15-2, on th.e Grid menu, Figure 15-11 (Add to Leg
end), and on th.e Random menu, Figure 15-26, on th.e 
Area menu, Figure 15-40, and on th.e. Une menu, Figure 
15-46. 

15-8 

The legend will normally consist of some text, scales, 
various points, contours, additionallines, such as rivers, 
roads, landfill facilities, mines, etc. Using this option, 
you may position th.e legend box onto the drawing, as
sig1úts X and Y size, and add some offset to th.e frame to 
move itfrom the drawing's frame. 

The option Make Legend on th.e Map menu prompts 
you to select th.e relative position of th.e legend frame 
with.in th.e drawing. The dialogue box is displayed in 
Figure 15-8. With. a littlebit of patience yo u may place th.e 

lcgcnd Positioning ' ~1ZPM 
Relllle comer polnts IJf map and legend 

Addttional ottse~ 

xl 1 YL__J 

Figure 15-8 

legend frame to any place on th.e map drawing, eith.er 
with.in the map or outside. You should be careful and 
pay attention to the size of the drawing field of the re
porti.ng form that you will select for printing, as well as 

1 

,~ 



15.2.8. Write Text to 
Legend 

15.2.9. Write Scale to 
Legend 

CHAPTER.lS MAPPING APPUCATION 

to the size of the map drawing to be placed on the report
ingfonn. 

For examples on how this may work see Chapter 14, 
Cross Sections. 

Yo u may write so me text to the legend, line by line. Ea eh 
time you select this option, yo u will be prompted for text 
and for fonts for the text. The text lines will be printed in 
vertical succession from top to bottom within the legenci 
frame you designed using the option Make Legend. 

Using this option the program will add the scale for the 
map to the legend. 

15.2.10. Edit . You may edit the parameters of an existing map. When 
Parameters .· you select this option, the dialogue box as shown in Fig

ure 15-4 will be displayed. You may modify anything in 
this box, although normally, you will probably want to · 

15-9 

-change the scale, the tick distance, and one or more map 
drawing parameters. Remember the More option (but
ton) opens another dialogue box in which you control 
drawing parameters, Figure 15-5. The normal procedure 
in editing map parameters would be to select the scale 
and then check the dimension (size) of the map by select
ing the option Dimension from the same m en u. The dis
play may look as shown in Figure 15-9. If not satisfied, 

· · Orawing Oimension ..C_:'J3Piif': 
k~:,s~-~~;+::~·;~?~~'~:~~:cy·r:nvr-:-~~~~~"r:>:-::::t_n· 

¡' Horizontal [an) f 22.5 f. 
t:~~·c"'m ;~,,l¡!;;.o¿¿.¡i;m:~.:v}W.r..2~~~:~.> 

l Vertical(anJ'? ·; 5.l L 
~~:-:~~-· ... ,,~-:;;~:;,...;;·:,\'~ ... ~~: ... ~· 

Figure 15-9 
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you may retum to the Edit.Parameters option and mod
if;y_the scale. 

15.2.11. Pnnt Map When yo u dedde to print a map, the program will dis
play the list of all the available reporting forms. You may 
select one of the forms, and the program will print the 
report. In the Mapping application, there áre two default 
forms: landscape and portrait. 

15.2.12. Print Setup This option is explained in Chapter 5, Section 5.4. 

15.2.13. Dimension As mentioned earlier in paragraph 15.2.10., you will use 
this option frequently to check the size of the drawing. 
The numbers, wlúch are in centimeters by default, as 
shown in Figure 15-9, include drawing margins. The fol
lowing is important to keep in mind. Maps are printed 
using either a default reporting form-or one which you 
created. When you create a reporting form, you assign 
the dimension and position of the drawing field. The di
mensions assigned using the Tools option on the main 
menu and Report Fonn Editor should match the dimen
sions of your current map in order to print its w hole con
tent 

15-1 o 

For example, you currently have a map reporting form 
wlúch is prepared for the drawing size 250 mm horizon
tally by 154 mm vertically in landscape orientation, and 
180 mm horizontally by 250 mm vertically in portrait ori
entation. If your drawing's dimensions, as displayed us
ing this option, are less than the reporting form's 
drawing field, the map will be centered within the draw
ing field. If they are greater than the drawing field, a por
tien of the map will not be printed. What will be printed 
will start at the lower left comer of the reporting form's 
drawing field. 



15.2.14. Import DXF 
File 

15-11 

CHAPI'ER 15 - MAPPING APPLICATION 

One of the features of the GWW package is to that it al
lows files to be imported from other major graphics pro
grams. One standard is the Drawing Interchange File, or 
DXF format, produced by Autodesk for AutoCAD ¡md 
supported by most CADD programs. Only selected ob
jects from a DXF file will be imported. GWW elimina tes 
three dimensional 
.DXF images. Nor
mally, it will import 
two-dimensional con
tour lines, other lines 
such as roads, rivers, 
and the like, and sorne 
limited text. When · 
you select this option, 
the program will dis
play a dialogue box 
such as the one shown 

·in Figure 15-10 
prompting you to se
lect a file with a .dxf 
extension. The pro-

Flloaameo_ .,ID,.·,_· ___ _;l j;- ·j 

I.Centierj 
Files: Dllf'ectDnes: 

Figure 15-10 

gram will then translate the file and display the range of 
X and Y coordinates and the range of Z values for con
touring on the screen. 

If you do not have a new map displayed on the screen, 
this is all that you will get from an imported .DXF file. 
However, if you know the range of the X and Y coordi
nates and have created a new map before importing a 
.DXF file, the GWW program will translate the .DXF file . 

· and plot the contours onto your map. 

On the distribution ·diskette you will find one example 
with a .dxf contour file labeled as basemap.dxf. This is a 
direct output file from AutoCad. To reproduce the map 
do the following: . 

l. From the Mapping application menu select Map. 
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2. Select Import DXF File. As shown in Figure 15-10 
double click on the file name basemap.dxf. There will 
be a window showing the current operation, which 
is reading the file, line by line. It is a huge file, and it 
will take sorne time to read it all. When the reading 
is done, there will 
be a window dis
playing the range 
of the values of the 
X and Y coordi
nates, as shown in 
Figure 15-11. The 
range for the X co
ordinate is from -
9275.2 to 14642.41, 
and for Y coordi
nate it is from -5199.09 
to 13384.33. 

3. Remember the ranges 

x- coonllnllle r11nge 
-9275.21 to 14642.41 

y- coordinllle r~~nge 
-5199.09 to 13384.33 

Figure 15-11 

of X and Y values. Go to the Map menu and select 
New Map. Fill in the dialogue box with the following 
values: X Coordinate from 12000 to 13200, Y Coordi
nate from 4000 to 4800, Tick distance 100, Sea! e 10000. 
Wait until the map coordina te system is displayed. 

4. Select the Dimension option from the Map menu. 
Confirm the size of 14.5 by 10.5 = for selected scale 
and selected range of coordina te values. 

Figure 15-U 

32=í 
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5. With the map coorciinate system still on the screen, 
select again Import DXF File. The procedure in step 
2 will be repeated but the program will continue with 
plotting the map content, tha t is con tour lines, roads, 
etc. When yo u zoom into a portien of the map, it may 
look as shown .in Figure 15-12. 

15.3. GRID MENU 

15·13 

15.3.1. Content Contour maps require data to be in a spedal regularly 
spaced format before such maps can be generated. Grid
ding is the process of taking random data ( or data at ran
dom points) a·nd through interpolation·and 
extrapolation converting the data to the regular! y spaced 
form, whlch is then used to create a surface repre
sentation. Gridding is the heart of the Mapping applica
tion program. 

Remember that the term GRID may imply an empty 
model on one hand, ora grid modelin whlch every node 
has an assodated "Z" value on the other hand. The "Z" 
value can be ground surface elevation, static or any 
water leve!, depth to water table, total dissolved solids, 
thickness of an aquifer, elevation of a stratigraphlc con
tact, concentration of a contaminant, transmissivity of an 
aquifer, and much more. 

The term model implies a rectangle made up of rows and 
columns. The gridding routine attempts to interpola te a 
"Z" value at the intersection of each row and column. 
Thls intersection is called a node. Smoothness of the final 
contours is normal! y a function of input data, grid den
sity, and search parameters whlch are built into the pro
gram. You may override this last parameter by assigning 
more or less importance to distant points. 
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The second option on the ap
plication's menu bar, Grid, is 
comprised of the following, 
as shown in Figure 15-13 (no
tic e that not all options on 
this menu are available at all 
times): 

• NewGrid 

• New Grid Like 000 

• Old Grid 

• SaveGrid 

• Save Grid As 000 

• Edit 

• Add Contours to Map 

• Add Color Regions to 
Map 

• Add Area to Map 

• Add to Legend 

• Make Grid from Random 

• Make Contours 

• Make Color Regions 

• Set Subgrid Area 

• Get Subgrid Area 

• Oear Subgrid Area 

• Standard ASCII I/0 

• Output to DXF File 

MAPPING APPUCATION 

~cw Gnd 
New Grid J.jkcooo 
.Qid Grid _ 
s~~-~<~ (·::;::~ 

Save Grid !sooo 

fdit .. 
Add Contours lo Map 
Add Color Regions To Map 
Add ·Arca ID Map 
Add to Lcgcnd 

Makc Grid from Bandom 
Makc Conlours 
Makc Color Rcgions 

Sel Grid Arca 
Get Grid Arca 
Clear Grld Atea 

Standard ASCII 1/0 .. 
OutP.ut lo OXF File 

Figure 15-13 

You use the New Grid option in the same manner that 
you use the New File option. You will be prompted to 
define the model, that is its origin (Xo and Yo), which by 

• > 
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defuútion is in the lower 
left comer of the grid, grid 
size and number of rows 
and columns. The dia
logue box displayed in 
Figure 15-14 defines the 
following: 

Xo and Yo Minimum X and Y coordi
nates of the grid model; 

Dx and Dy The distances in units of 

MAPPING APPLICATION 

"";:=:==~ 
Yo 

'-------' 
Dx c::=J Dy c=J 
Nx c::=J Ny c::=J 

h .n~t<'l!·.~}l 

Figure 15-14 

length (meter, feet, etc.) between X and Y grid lines; re
spective! y; 

Nx and Ny Number of grid lines in the X and Y dimensions. 

The number of grid lines in the X and Y dimensions must 
be a positive integer (without a decimal point) greater 
than one. The distance in data units between the X or Y 
grid lines may be a positive real quantity (with a decimal 
point). For square grid cells, the Dx and Dy values 
should be equal. It is e)(pected that the interpolation 
process will be finer, smoother or better when the num
ber of grid lines is increased and the distance between 
lines reduced. How-
ever, the process of 
calculating contours 
takes longer. 

One example of grid 
parameters is shown 
in Figure 15-15. The 
model covers an area 
from X minimum 
628000 to X maxi
mum 678000, that is 
50 km since the data 
unit is meters, and 

Xo 1628000 

Yo lsssooo 

exj1000 DyjlOOO 1 

N•lso 1 Ny ls21 1 

1?!1\~idfX}jiFcanéei 1 

Figure 15-15 

from Y minimll01 938000 to Y maximum 970000, that is 
32 km. The discretization of the space is done with 50 
columns and 32 rows, each of 1000 m length. Thus the 
model cells are squares of 1 km2 each. 

l 

3]0 



CHAPTER15 MAPPING APPLICATION 

15.3.2. New Grid Like -· When you select this option only the grid parameters as 
displayed in Figure 15-15 will be copied from the se
lected grid, not the "Z' values whlch are normally asso
ciated with each grid cell. Using this option yo1,1 accept 
the same size, spacing and density of the grid model, and 
intend to use it for aeating a grid model of another "Z" 
parameter. The dialogue box such as the one shown in 
Figure 15-16, offers you a list of all available grids. 

saa::a •• E.xt.~~n, Grill 

1 

)~ 
WSI7-7 

1 

~ 
f!!liiiíj 
@!S~! 

Figure 15-16 - Figure 15-17 

15.3.3. Old Grid You will select an existing grid to make contours or to 
add color regions to your map. The dialogue box, such 
as the one displayed in Figure 15-17, will display the list 
of available grids. 

15.3.4. Save Grid When you select an existing grid and use it for whatever 
reason (•"':~ most obvious one is to make contours, dis
play th¡;.::. ~:1d print the contour map), you may save it 
under the same name as the one you used to select the 
grid. You may modify the grid by reducing the distance 
between the X or Y lines, or modifying the grid coverage 
by chang-.. ng the number of cells in X and/ or Y dimen
sion. Whatever modification you make, you may save 
the grid under the same name. Thls command will 
change the grid to reflect any changes you ha ve made to 
it. If the grid yo u are working on has not previously been 
named (e.g. you are aeating a brand new grid), GWW 

15-16 
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15.3.5. Save Grid As -· 
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displays a dialogue box that l!;!ts you enter a name and 
path. 

NOTE. The grid names are interna/ file names, not ASCII 
files. You may create equiva/ent ASCII files using another ap
tion on this menu. 

By using thls command to give your grid a different 
name from what it had, you can save the current 
(changed) version without disturbing the original ver
sien. The name should be different from any other file; 
otherwise you will replace the file that airead y has that 
name. This option displays the Filename dialogue box 
similarto Figure 15-16 or Figure 15-17. Entera name and 
pa th and die k on OK, and 

Edit Grid farameters, '· 
GWW creates another interna! 
file with that name. When yo 

k Edit Contour l.evcls resume workincr. you are wor 
<Y Edit Contour Attributes ._ 

ing in the new grid. Edit Color Jntervals 

15.3.6. Edit The option Edit on this menu 

15.3.6.l.Edit Gn'd 
Parameters 

15.3.6.2.Edit Contour 
Attribures 

15-17 

· opens up with additional op
tions. These options are shown 
in Figure 15-18. The major op
tions for editing are: 

• Edit Grid Parameters 

• Edit Contour Levels 

• Edit Contour Attributes 

• Edit Color Intervals 

Figure 15-18 

Using this option, you are given another chance to mod
ify grid size, coverage and density. The dialogue box, 
such as the one shown in Figure 15-15, will be displayed. 
Remember tri;tt by editing, that is, changing grid pa
rameters of an established grid, you are losing its con
tent. In other words, for any change you need to make ¡e 

the grid again ('Make Grid from Random'). 

After you select Edit Contour Levels, the program al
lows you to select Main Contours or Auxiliary Con-

l 



15.3:6.3.Edit Contour 
Levels 
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tours to edit; as displayed in Figure 15-19. In the termi
nelogy of sorne other 
contouring packages, 
these options are 
equivalent to Labeled 
a n d Unlabeled e o n
tours. Main or labeled 

Figure 15-19 

contours will contain in-line contour labels. 

Whichever contour you select, rnain or auxiliary, GWW 
will open a dialogue box giving you an opportunity to 
rnodify or con!J:ol almost every attribute of a contour 
line. 1bis is normally line thickness, line pattern (solid, 
dashed, dotted, or combinations), line color, fonts for la
beis, etc. The display is the same as shown in sorne ear
lier figures, such as Figure 14-31 in Chapter 14. 

GWW assigns sorne default 
minimum and maximum con
tour levels and contour inter
vals, depending on the range 
of the "Z" values found in a 
grid. However, this may not 
be what you want to use. Ai
ter you select Edit Contour 
Levels, GWW will display the 
dialogue box as shown in Fig
ure 15-20. You may now edit 
either main levels or auxil
iary levels, or one after the 
other. 

If you select the Regular Values 
option, GWW will open another 
dialogue box as shown in Figure 
15-21. There you should specify 
the minimum and the maxi
mum contour line levels and the 
step. The program will then 
make contours at equally 

----
( on1.uJt Lr:wl~ .......... 

Figure 15-20 
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Figure 15-21 
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15.3.6.4.Edit Color 
Intervals 

15-19 

CHAPTERlS MAPPING APPLICATION 

spaced intervals using the step you supplied in this box. 

Ii you wish to spediy discreet 
contour levels for plotting, 
rather than equally spaced in
tervals, use option Edit and 

- specify an irregular number 
of data units between contour 
lines. Contour levels do not 
have to be in any specific or
der, or equally spaced. One 
example of editing contour 
levels is shown in Figure 15-
22. 

?S. 0000 
lO 0000 
IS OliDO 
90 0000 
'5, CODO 

lOC O:JCD 

ctrH .. 1 ns Une: 
ctr1-D-Oell.Jne 

Figure 15-22 

Titis option is used to spediy color intervals and color· 
values for various intervals. The option will ha ve sense 
only if you wish to print a contour map enhanced with 
color intervals. For this you need a color printer. When 
you select this command, the display will be as shown in 
Figure 15-23. The program has preselected sorne default 

=· ' ...•... ~ 

Figure 15-23 



15.3.7. Add Contours to 
Map 

15.3.8~ Add Color 
Regions to Map 
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intervals for you and has assigned a palette of colors to 
each interval. You may override this by clicking with the 
mouse any interval you wish to modify and by clicking 
on a color from the color palette displayed in this dia
logue box. You may also edit intervals for coloring. Just 
as in the option for setting contour levels you have two 
options: (1) Set Regular, or from the mínimum contour 
leve! to the maximum, and assigning some uniform levet
step; (2) Edit, in which case you type any interval you 
wish. 

This command is interpreted by GWW as a combination 
of two commands: 

• Make contours, and 

• Add contours to the map 

The program calculates contours from the currently se
lected grid file, using the curiently selected contour lev
els and contour attributes and draws the contours into 
the map, displaying the same. 

This option will be available only if you have selected a 
grid with values at the intersection of each column and 
row. In other words, you must have used the option 
Make Grid from Random Points either during the cur
rent session or earlier. 

This command is interpreted by GWW as a combination 
of two commands: 

• Make color regions, and 

• Add color regions to the map. 

It will be available only if you ha ve selected a grid with 
values at the·intersection of each column and row. In 
other words, you must ha ve used the option Make Grid 
from Random Points either during the current session 
or earlier. 



15.3.9. Add Area to 
Map 

15.3.10. Make Grid 
fromRandom 
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1his option is added to the Grid menu for convenience. 
Areas will be explained further in Section 15.5. Although 
you may create many areas, that is, closed lines that en
circle a certain portien of the map, and give them differ
ent names, only ene area can be selected as the current 
area. You may add this area to the map in this menu or 
in the Area menu. In the latter you may edit plotting pa
rameters, make an area transparent or not, assign differ
ent line patterns, colors, etc. 

1his is ene of the most importan! routines in creating a 
contour map. Before you can make a grid from random 
points, you must select a random model. The Random 
Model menu is discussed in Section 15.4. and its sub
sequen! paragraphs. 

This is a con\mand which interpola tes and, if necessary, 
extrapola tes values of the "Z" parameter from discrete 
random points to the regú.lar model grid. To make it 
work you must have a currently selected random model 
and a currently selected grid. If ene of these two is miss
ing, this command will not be available. 

If you do execute this command, you may use its results 
to crea te a con tour map, to save the grid selected but now 
with assodated values at the intersection of ea eh colunm 
and row in the model, or you may save the grid in an 
ASCII or .DXF file. 

15.3.11. Make Contours This is also a command which will be available only if 
you ha ve selected a grid which has calculated values a~ 
the intersection of each colunm and row. The command 
will not display contours by itself. For this you need to 
activate the command Add Contours to Map, as ex
plained in 15.3.7. · 

15-21 

' 

:!36 



CHAPrER15. MAPPING APPLICATION 

15.3.12. Make Color 
Regions 

This is also a command which will be available only if 
IOU have selected a grid which has éalculated values at 
the intersection of each column and row. The command 
will not display color regions by itself. For this you need 
to activate the command Add Color Regions to Map, as 
explained in 15.3.8. 

15.3.13. Set Subgrid
Area 

This command is used to make contours within one or 
more closed areas. It is equivalent to blanking specified 
portions of a previously created grid. You may blank in
side or outside the subgrid area. The subgrid area is an 
area digiti.zed by yo u using the Are a m en u or input asan 
ASCII file also from the Area menu. If the area was dig
itized using a clockwise directi.on of digitizing points, 
the area outside of the subgrid area will be blanked and 
contours and/ or color regions will be applied onl y to the 
interior of the subgrid area. The opposite is also true. 

15-22 

A subgrid area may contain more than one are a. Yo u will 
leam in Section 15.5.2 to create an area file with more 
than one area. You may also crea te subgrid areas using a 
digiti.zing program or a text processor from outside the 
GWW package. A portien of a subgrid area, saved as an -~ 
ASCII file, is reproduced below. --

23%063.0000000 
2396602.0000000 
2397164.2500000 
2397333.5000000 
2396552.0000000 
2396070.7500000 
2396063.0000000 
/' 
2397834.0000000 
2398492.5000000 
2398769.7500000 
2398045.7500000 
2397718.5000000 
2397834.0000000 
/' 

403318.6875000 
403703.6875000 
403684.4375000 
402960.6562500 
402594.9062500 
402879.8125000 
403318.6875000 

403703.6875000 
403850.0000000 
4031955000000 
402779.6875000 

. 403368.7500000 
403703.6875000 



15.3.14. Get Subgrid 
Area 

• 1 
15.3.15.Ciear Subgrid 

Area 

15.3.16. Standard 
ASCll lnput/Output 
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Titis subgrid area file is composed of two closed areas, 
the first with 6 different points, and the second with 5 
points. The digitizing was in a clockwise direction. If this 
area is "set," the contours will be produced in these two 
closed areas only. 

You may have more than one subgrid area within which 
you wish to contour. With this command you will be 
prompted to select one of the available subgrid areas. 
This is a combination of commands: select and seta sub
grid area. 

When yo u wish to contour within the entire rectangular 
grid which is specified by the currently selected grid, 
and you have previously seta subgrid area for contour
ing within a closed area, you will use this command to 
remove the subgrid area and return to contouring within 

· the rectangular grid. 

You may save a grid model in an ASCII file or input the 
grid model from an ASCII file. This file could ha ve been 
created by GWW or by any other pro~, e. . by SUR-
FER ™. When you select this • 
option the menu option ex- Output 
pands to two options: Input 
and Output, as shown in Fig- Figure 15-24 

ure 15-24. You will select In-
put if you wish to read an existing grid model from an 
ASCII file, or Output if you wish to write the grid model 
created by GWW to an ASCI file. A portion of the ASCII 
file with the grid model is reproduced below. 
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75.9089 75.9592 71.7994 71.9027 72.0099 
71.6541 71.2471 71.3617 71.1524 71.2424 
71.3354 71.4302 715275 70.4314 705159 
70.7258 70.9576 71.2168 715073 71.3087 
71.6741 70.9735 73.8004 75.6722 75.8195 
75.9486 76.0329 76.0291 755818 75.0766 
74.4473 73.7384 73.0179 72.3480 71.7709 
71.2997 70.9180 70.6734 70.4999 70.3836 
70.3149 70.2850 715821 71.7099 67.9782 
67.9463 67.9067 67.8712 67.8304 67.7950 
75.8668 75.9182 71.8866 71.4863 71.6143 
71.7295 71.3211 71.2226 71.3183 71.4164 
71.5158 71.6163 70.4442 70.6280 70.7216 

The grid is the same as shown in Figure 15-15 with 50 
columns and 32 rows. GWW writes five numbers in ea eh 
line of the ASCll file. The format is free, that is numeric 
entries are separated by one or more spaces ora comma. 
The first ten lines of this file represent "Z" values for row 
one. Remember that the model is made of 50 columns 
and 32 rows. The ASCII file should contain 320 rows, 
since ea eh row is written in ten lines, ea eh with five num
bers. 

When you decide to write a grid model into an ASCIT 
file, the program will give you two options for the arder 
of writing the numbers: 

l. From the minimum Y value to the maximum Y value, 
that is from row 1 to the last row, which is row 32 in 
t1us :xample. This is a normal way of writing the file, 
the one which follows the standard convention of the 
coordinate system with the origin in the lower left 
comer. 

2. From the maximum Y value to the minimum Y value, 
which places the c~'g;in of the coordina te system into 
the upper left comer of the model. This is the input 
r~ .;uired for most of currently used ground water 
mathe::1atical nodeling software including the 
U.S.G.:::. MODFLOW, the United Nations GWMOD, 
and others. With this option in GWW, you may crea te 
input data files for your modeling software. 

-



15.3.17. Output to 
DXFFüe 

15.4. 

RANDOMMENU 

15-25 

CHAPI'ER15 MAPPING APPLICATION 

You may also export the grid model as a .DXF file. The 
values exported are the coordina tes of the intersection of 
each row and cell and the "Z' value assodated with ea eh 
intersection. You may input such files in AutoCad and 
create a three-dinj.ensional contour map. Before GWW 
creates a .DXF contour file, you will be asked to select 
whichlayer you wish to have written to the file. The term 
'1ayer" refers to the "Z" parameter, which could be one of 
many with which you have created grid models. Nor
mally, this may be the ground 
surface elevation, one of water 
leve! elevations ór depths, or 
any other numerical space-dis
tributed parameter. 

----- --------- --- r-·0..0.'"'"''~"'•"" 

- !i!lmE=::JI H••'-~ 
- C>GWD ¡,_¡ - -

When you select this option 
you will be prompted to select 
a file name, as shown in Figure 
15-25. 

EJD 

The Random menu op
tions and commands are 
shown in Figure 15-26. 
With this menu you may 
input one of the existing 
random models which 
yo u may have created us
ing any GWW applica
tions or which you may 
have imported as ASCII 
files created within or out
sideofGWW. 

Figure 15-25 

Hew Random Model ,. 
Qld Random Model 
.S.ave Random l.lodel 
Save Random Model As 

Add Polnts to Map 
Add Labels to Map 
Add Values to Map 
Add to legend 

Show Parameters 

fdit Plotting Parameters 

Standard ASCII Input 
Standard ASCII Output 

Figure 15-26 
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15.4.1. New Random 
M o del 
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This menu is used to create location maps displaying 
various points or wells. If you wish to add con tour lines 
to such maps you need to use the Grid menu. To add 
lines you will use the Line menu, to add areas you will 
use the Area menu, and to add text you will use the Text 
menu. 

Random models are created in applications other than 
mapping. Random models are intemal files containing 
for each point its X and Y coordinates, the "Z" value 
which could be any numerical distributed parameter, , 
and the well or point identiñcation name or number. It 
will be easier to understand a random data file in an AS
CII format. One of such files is partially reproduced be
low. 

657900.0 949000.0 6.630000 P0-1 
660000.0 953500.0 7.~ P0-2 
657800.0 945300.0 7.570000 P0-4 
654500.0 941000.0 6.640000 P0-5 
675800.0 %2300.0 5.000000 SRRG-10 
665000.0 958000.0 13.71000 SRRG-7 

669000.0 959200.0 11.32000 SRRG-8 

The first column is the X coordinate of the point, the sec
ond column is its Y coordina te, the third column is its "Z" 
value, which in this case is the depth to water table from 
a measuring point The last col umn is the well identiñca
tion. 

You may crea te such files using any other software, not 
necessarily the GWW package. The format of data is free, 
that is column values are separated by one or more 
spaces. 

You are advised to always start with this option since 
whatever you input as random points willsimply add to 
whatever you may currently have in the memory for 
random models. By selecting New Random Model you 
guarantee that your next step, the selection of an old ran-

í 
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15.4.2. Old Random 
Model 
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dom model, or a standard ASCll file input with a ran
dom-model will not mix with an existing random m o del. 

When you select New Random Model you will be 
prompted to answer several questions, such as Coordi
nates Unit, and Is Z-value dimensioned, and to select 
type of units and unit for Z values. 

If you have used Random Model in any otherapplica
tion of the GWW package, yo u ha ve created one or mor~ 
random models to 
which GWW has 
given interna! file 
names. Usingthis op
tion, you will be 
prompted to select an 
existing random 
model. The dialogue 
box is as shown in 
Figure 15-27. In this 
example we have 
used master data ap
plications to create a 
random model with 

~elcc:t an Existing Random Wodel 

1 ti., ... ¡ 

Figure 15-27 

all wells of which the ground surface elevation is known 
(Z random model), then we used a hydrographs applica
tion to crea te two random models for water levels inJuly 
1987 (WL87-7) and in November 1987 (WL87-ll). The 
names of these models are the ones we ha ve selected. 

If you have not created any random model in any appli
cation, you cannot use this set of routines. You will have 
nothing to plot. 

When a random model is input, either intemally oras an 
ASCIT file GWW will inform you about random model _' 
limits for the X and Y coordinates and for the "Z" values.' 
One of examples of this information box is shown in Fig
ure 15-28. Notice that random models are dimensioned, 
that is the coordinates are either meters or feet, and Z
values are either dimensioned or nondimensioned. 



15.4.3. Save Random 
Model 
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Figure 15-28 

1bis routine is used only when you wish to input a ran
dom model ASCII file and save asan interna! file within 
the GWW data base. Normally you would input an AS
CII file, which will contain the following information: X, 
Y, Z, well identification. You will then save this model 
under an intemal GWW name when prompted for this 
as shown in Figure 15-29. 

~~~ .. ~-------S-~--R-.-•• -.-m-m-.-.-.,--------, 
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Figure 15-29 



15.4.4. S ave Random 
ModelAs 

15.4.5. Show 
Parameters 

15.4.6. Edit Plot 
Parameters 
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Yo u may save a currently use~ random model under the 
name of an existing random model. Tiús will replace en
tire! y the content of the interna! file which contains aran
dom model. It is important to understand that you may 
not have more than one random model open at a time. 

11ús is the option which displays only the range of val
ues for X and Y coordina tes and the "Z" value. One ex
ample is shown in Figure 15-28. You cannot edit these 
values. They serve only as a reminder and as a check that 
this is the model that you wish to work with. 

When you select the option Edit 
Plot Parameters, you will be 
given a choice of three entries as 
shown in Figure 15-30: 

• Point 

• Label 

• Value 

For points, you may select 
one of 14 symbols and choose 
the size, as shown in Figure 
15-31. With some imagina
tion and repetition, 

Figure 15-30 

II+DVXO!::,. 

Z-$-~e-.-.&. 

Size(mm) u:.l~.:::-5 _ _, 

IE'II 
Figure 15-31 

Figure 15-32 

, ROM Label Orawing AttribUies you may create various sym
bols using these 14 predes
ignec'. S] mbols. One possible 
combination is shown in Fig
ure 15-32. For Label yo u may 
select fonts, colors and align-

Figure 15-33 

15-29 

ment, as shown in Figures 15-
33, 15-34, and 15-35, respec-
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Figure 15-35 

tively. Likewise you may select fonts, colors and align
ment for values. This is shown in Figure 15-36. The at
tributes you choose apply only to plotting and creating 
a location or contour map. 

ROM Val u e OriiWing t.ltribules 

Figure 15-36 

With this command the points from the currently "ac·· · 
tive" random model will be plotted. You control the size 
and symbol for points by using the option Edit Plot Pa
rameters followed by Points. 
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Labels will be plotted on top of the symbol for points. It 
is understoOd that you ha ve previously used the option 
Edit Plot Parameters and selected fonts, colors, and 
alignment for labels. Horizontal and vertical alignment 
attributes will control the position of Jabels with respect 
to the position of symbo!s for points. 

Values will be plotted to the right of the symbol for 
points. It is understood that you have previously used 
the opti.on Edit Plot Parameters and selected fonts, col
ors, and aligrunent for values. Horizontal and vertical 
alignment attributes will control the position of values 
with respect to the position of the symbol for points. 

With this option you may add one point to the map leg
end. The point will be copied to the legend block with 
the same attributes as the one used for its plotti.ng. This 
applies to font, color, alignment of its !abe! and value. 

You will first be 
prompted to speci.fy one 
of the labels that will be 
copied to the legend, as 
shown in Figure 15-37. 
Then you will be 
prompted to type sorne 
text that defines values 
plotted on the map. For 
example, you may type 
the text as "Depth to 
water table inJuly 1987", 
or "TDS in ppm," or 
"Toluene content in 
ppm," etc. 

Entzr 'Labei'IDIID legend 

Figure 15-37 

As mentioned earlier, you may input a random model 
importing an ASCIT file. This file could be created from 
another software program or use a text processor. It is 
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important to re
member the ar
der of input 
variables: X coor
dinate, Y coordi
na te, Z value, 
well identifica
tion. The format 
is free. 

When you select 
this option the 
GWW program 
will display a list 
of files with the 
extension .rdm. 
You may select 

MAPPING APPLICATION 

Flleoamo: 1111!1111 1·· '«XíJ 
o;.....,ry. 1::\GWD ~~~1 

Figure 15-38 

any file giving the path and file name. 1bis is shown in · 
Figure 15-38. 

You may also save a random model which was created ,. 
in another GWW application. This is useful for backup, 
or when you wish to merge information and import the -
model back to 3 ...... ., ..... , ...... cuo""'"' 
GWW. When 
you select this 
option the pro
gram displays a 
dialogue box 
with a list of files 
with the exten
sion .rdm. One 
example is 
shown in Figure 
15-39. 

Fil......: L'"""':..:"'=---___J~ 1 OÍ('.) 
1 tloáí'j 

Dftctorte s: 

DO 
Figure 15-39 
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15.5. AREA MENU The Area menu is used to 

15.5.1. New Area 

15.5.2. Digitizing Area 

15-33 

digitize an area, which wil1 -
be used for contouring 
within or outside its 
boundary, or which wil1 be 
simply plotted onto the 
?JUIP· With this menu you 
may create or import more 
than one area, save su eh ar-
e as under interna! file 
names, edit plotting pa
rameters, etc. The menu 
options are listed in Figure 
15-40. 

NewArea 
Qld Arr:a 
,S_ave Area 
SaveArea As 

Add Area to Map 
Add to legend 

,l;;dit Plot Parameters 

Standard ASCII Input 
Standard ASCII Output 
DXF Output 

Figure 15-40 

The GWW package adds new areas to curren ti y present 
areas. In order to have a clear "area" space you should 
use the option New Area prior to creating or importing 
an area. You wil1 see no visible action -after you select 
New Area, but the "area content" will be emptied if there 
were another area in it. 

The GWW package incorporates digitizing capabilities 
when it comes to creating areas and lines. When a map 
is displayed you wil1 notice a vertical \blqAte<i 1 · 
row of buttons. Por digitizing an 
area, the following buttons are im
portant: Dig.Area, as shown in Fig
ure 15-41, and End Point and End 
Digit, as shown in Figure 15-42. 

When you wish to digitize an area 
directly on the map (more cor
rectly, on the screen display), you 
should proceed as follows: 

Figure 15-41 

j:e:¡;¡o Point 1 
1 ?fiid Oigh 1 
Figure 15-42 
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l. Select the button Dig.Area on the right side of the 
_map. This will place the program into the digitizing 

mode. 

2. M ove the cursor to a point where you wish to start the 
area. Press the left mouse button. Move the cursor to 
the second point and click the mouse. Be careful here . 

. If you are going to use this area as a closed area 
within which you wish tola ter make contours, digit
ize in a clockwise direction. If you wish to do the op
posite, to contour outside the area, digitize in 
counterclockwise direction. 

3. 'When you finish digitizing, you are expected to be 
close to the point you started with. Remember, an 
area must be a closed area. However, since it is not 
possible to manually duplica te two points, the initial 
and final, the program will do this automatically 
when you termina te the digitizing input by clicking 
on the button End Poinl 

4. You have now two options. Either to finish digitizing, 
as what you wanted was one single area, orto crea te 
another closed area. --

If you wish to finish digitizing, you should click on the 
button End Digit. With this you will get out of the digit- r 
izing mode and return to the area menu. Your current 
"area content" will contain the X and Y coordina tes of all 
points that you have just digitized. You may save these 
points in an ASCTI file, using the option on the same 
menu Standard ASOI Output, or you may save the 
points in a DXF file using the option DXF Output. But 
most of all you may save this area with all points, mak-
ing the area an internal data base file using the option 
Save Area or Save Area As. 

_ -- After you have terminated the first area by clicking on 
the End Point button, you may create another area by 
clicking on a point which is on the second area's bound
ary. Continue clicking on other points and finish the sec
ond are a by clicking End Po in t. If this_is the last area you 
wish to digitize, press on End Digit to get out of the dig
itizing mode. 
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H you have digitized more than · 
ene area, hoever, all of them are 
internally saved as one digitized 
area file. Each area will be de
fined with same attributes: line 
tlúckness, line color, line text, 
text fonts, etc. 

You will notice other buttons on 
the right side of the map as 
shown in Figure 15-43. These are 
standard options on any of the 
Mapping application display or 
menu. You may always zoom in 
or out, or Fit to Window. It may 
help to digitize an area in a 
zoomed in display. 

Figure 15-43 

15.5.3. Old Area You may create one or more areas by direct digitizing, or 
you may import areas as ASCTI files. You may assign to 
these various interna! narnes, su eh as Landfill cell A, ore
body CW, Tailings cell G, etc. Each may be identified 
with its own attributes. Al! these areas are stored within 
the information system, and are not currently trans
ferred into the current "area content." 

When you wish to pick one of the available areas and 
place it into the current "area content," you should select ·· · 
the option Old Area. The GWW program will display a 
list of the available interna! file narnes. You may select 
one. The selected area becomes your current area. You 
may edit the area's attributes, plot the area onto the map, 
or use it for contouring, making ita grid area. 

15.5.4. Savc: Area and 
Save AreaAs 

Whether you have created an area by direct on-screen 
digitizing or have imported an area asan ASCTI file you 
may save it under an interna! file ilame to make the area 
a part of the GWW data base or information system. The 
difference between Save Area and Save Area As is the 
same as in the previous menus. H this is a new area you 
will be offered the option Save Area As. H this is an ex-
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15.5.5. Add Area to 
Map 
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isting area which has its name, you will be offered both 
options Save Area or Save Area As. Internally the pro
gram will associate with each saved area its attributes. 

With this command the area curren ti y occupying the' · 
"area content" will be plotted onto the map with default_ 
attributes or attributes assigned by you using the Edit 
Plot Parameters option. 

Before you add an area to a map check the attributes, 
especially whether the area will be transparent or not; 
also check screen and printer colors. If the area is not 
transparent you will cover the rest of the content of the 
map with the area. Likewise, if the background color 
(either screen or print) is any color other than white, the 
whole area will be painted masking thus the other con
tent 

NOTE. The GWW software does not hilve an Undo command 
with which you may restvre the previous screen . . 

,.-
15.5.6. Add to Legend Building the legend block is context sensitive. You may ~-
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add the currently active. area to the legend. 1t will be -
shown as a rectangle, with all attributes as the area itself, 
tha t is the line thickness, Iine color, print color, and trans
parency or nontransparency. After you select Add to 
Legend you will be prompted for a text which defines 
the area. 

15.5. 7. Edit Plot An are a has !ts 01vn attrib
Parameters utes, or parameters. When 

you select this ortion, the 
· screen will display a dia
logue box such as shown in 
Figure 15-44. The double 

Aren Atlrib1nr.s 

k·>Siiliiiñ'CO!oi··;;;:, J 
J;r;;;9rifitc.;iór ,;; . ;,1 
lt~i~s>>'J 

181 Transparency 

Figure 1.5-44 
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Input and 
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arrows to the right indicate that ea eh of options extends 
into more options. Notice the box labeled Transparency. 
If crossed, the area will be transparent and the content 
·iinder it will be visible. Options Screen Color and Print 
Color will open a_color palette for you to select colors 
tha t will fill the are a. 

Option Border Attributes lets you define iine thickness 
(from 1 through 6), line pattern (solid, dashed, dotted, 
dash dot, etc.), la be! which will intersect the border of the 
area and display or print a text, font for the !abe!, dis· 
tance where the label will be displayed or printed, and 
the spacing betweén two subsequent labels. An area bor· 
der attributes dialogue box is displayed in Figure 15-45. 

1 Arn Border Atttibutc:s , , 

Pen Attributes - -

Thickness 

Une Pattem 

1 So lid Une l!:j 
1' ~:po¡o;:;;;!;'l 

une Attributes 

Label 
L-----r=~ 

Oistance 11 tmmtl4o 
:=====::::::; 

Distancel 2(mm( ,_!1_2o _ _J 

. Vi:i3biil FCnt;.:. . ¡ 

Figure 15-45 

You may save the currently active area in an ASCII file. 
The file contains only the coordina tes of points making 
the area. One area is terrninated with the combination r 
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typed after the last point's coordina tes. One example of 
an ASCTI file containing two areas is reproduced partly 
below. Notice that the last point's coordina tes are exactly 
the same as the first point's coordiilates. 

9236.12, 5842.62 
920825, 5871.94 
9168.44, 5853.06 

913856, 5880.31 
9142.56, 5911.75 

9341.69, 5846.81 
9236.12, 5842.62 

r 
9283.94, 5540.94 
9307.81, 5584.94 
9~.69, 5587.00 

913656, 5427.75 
9108.69, 5455.00 
9174.44, 5538.81 
9283.94, 5540.94 

r 

You may crea te such a file using any· other.commercially 
available software or a text processor. You rnay then in
put such file into the GWW data base using the option 
Standard ASCII Input. 

15.5.9. DXF Output You may crea te a DXF output file with randorn points to 
use in another software package, most likely in A u toCad 
or another Computer Aided Design package. You will be 
prompted to select a file name and directory to save the 
output. 

15-38 
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LINEMENU 

15.6.1. New Line 

.r 
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You will use this menu to add various lines to your map. 
These lines serve only to enhance a map, to add impor
tant line features, etc. The lines are not used for contour-

. ing, adding colors, and like procedures. 

The Line menu contains the following commands or op
tions, as shown in Figure 15-46: 

• NewLine 

• Old Line 
~ew Line 
Qld Une 

• Save Line ~ave Une 

• Save LineAs 
Save Une As 

l!dd Une ID Map 
• Add Line to Map Add ID legend 

• Add to Legend fdit PIDI Parameters 

S1andard ASCII Input 
S1andard ASCII Output 

• Edit Plot Parameters 

• Standard ASCll Input DXF Output 

Figure 15-46 
• Standard ASCll Output 

• DXFOutput 

The GWW mapping application in prindple adds a new 
content of a kind to the content of the same kind tha t may 
eventually be filling the "content space." In the case of 
lines, this is interpreted as saying that there may be one 
or more lines airead y in the curr~nt "line content," and 
that any other Iine may just add to the content. To avoid 
mixing lines, you are advised to use the option New 
Line. Nothing visible will happen, but the command will 
remove from the ·current view any line.-that eventually 
may be there. With this command it is guaranteed that 
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1 

15.6.2. Old Line 

15.6.3. Save Line and 
SaveLineAs 
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you will work on a new line without any interference 
with an existing line. · 

To create a new fine directly from GWW you must use its dig· 
itizing capability. 

The GWW data base and information system may con
tain one or more lines, which may be internally saved 
under specific names 
given to them by you in 
previOUS 5E~5iOns. VVhen . SelccUn Eladn¡¡ lJw 

you use this option the [1~1 --------~l 

program displays a list 
of existing lines prompt
ing you to select one 
from the list. as shown in 
Figure 15-47. When you 
select a line, it will be 
transferrect into the "line 
content" with all of its at
tributes. The line attrib
utes are: thickness, 
pattem, color, !abe!, font 
for !abe!, and text or !abe! 
spacing. 

RMRS 
ACWJ 

Same as in other menus on the 
Mapping application title bar, 
these two commands are used to 
save a line under an intemal name. 
If the line is a new untitled line you 
\\ill be prompted to Save LineAs, 

Figure 15-47 

IACWJ 
AMAS 
ROAD 

~ 
~ 

[e ¡j 
[ Uol<to·:J 

that is the program will display a 
list of existing line names from Figure 15-48 

which you may choose one or as-
signan entirely name. Th.oc iialogue box with file name 
selection ma :· loo k as shown in Figure 15-48. If yo u are 
working on an existing, or titled, line, you ••:ill have op-

r 
' 
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tion to Save Line under its own name, or Save Line As 
givingit another name. 

15.6.4. Add Line to Map You may add a line to the map. This is probably the rea
son why you are creating lines, editing them, giving 
them sorne attributes, and the !ike. Yo u wish them added 
to a map. The line may be a river, a road, a wire fence, a 
boundary between geologic formations, or anything that 
is normal! y found on maps. Prior to adding a line to the 
map you should check line attributes or parameters;_its 
thickness, pattern, color, etc. Once added, the line cannot 
be removed and the whole process of map building may 
have to be repeated. 

~-- NOTE. It is a good advíce to save a map after severa/ steps, so 
that you may start anew from a step befare, not from scratch. 

15.6.5. Add to Legend The legend block is gradual! y built up of parts: sorne 
text, scale, contour lines from the Grid menu, random 
points from the Random menu, areas from the Area 
menu, various lines from the Line menu, etc. The option 
on the Line menu adds the currently available line to the 
legend. This means that if yo u wish to add more than one 
line to the legend block, you must place a line into the 
current "line content" and apply the command Add to 
Legend, then selecta New Line and transfer another line 
using either Old Line or Standard ASCII Input com
mand, and apply again the command Add to Legend. 

15-41 

Each time you 
select Add to 
Legend y o u 
will be 
prompted to 
enter explana
tion text, such 
as shown in 
Figure 15-49. 

Figure 15-49 
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15.6.6. Edit Plot 
Parameters 
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This option works in the same way as in the Area menu. 
You may select the line thickness from 1 to 6, the line 
pattem (solid line, dashed, dots, and combinations), line 
color, the font for the label, and spacing between sub
sequent la- · 
beis. The 
display is as 
shown in· 
Figure 15-
50.' 

You may 
"outsmart" 
the program 
by digitiz
ing a line, .. 
writing 
some label 

...... -\Solocl.... !ij 
¡ .• ki!fnol •• :» .q 

,_. c.,l ---====! 
rJrs1anc::. 1; .:nml EJ 

OIStance 1 21mm1 ~ 

Figure 15-50 

or text which defines the line, and by selecting white. 
color, or no color for the line. In this case the line will not 
be drawn but the text will. This is a hand y possibili ty for 
writing some text next to an existing line, such as the Rio 

(
Vaca Vieja parallel to the river. line as shown in Figure 

'-~· 15-51. The text was created following the steps: 

l. Select New Line. 

2. Digitize line (click on Dig.Line button to start digit
izing). 

3. Termínate digitizing (click on End Point followed by 
End Digit). 

4. Select Edit Plot Parameters. 

5. Select Line color and click on blank field in the right 
lower comer. · 



15.6.7. Standard ASCII 
Input and/or Output 
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. :·¡ d 
:~{. : ~ F-•.•~ :, ~~ ··.~-- .· _: : .. a o 

~t-• -~----:----.,-- --+----+ 

''.,:,' \ -~.:-::-·. r 

~L)r 
~;---r:::_ ____ _ 

Figure 15-51 

,., •"' 

-_)s~r 
'-~---~--~;"1.: 
¡~,-;··.:.: 

6. Write to label field 'Vaca Vieja", change Distance #1 
from 40 mm to O mm, change the second default 
number from 120 mm to 60 mm and select OK. 

7. Select Palton font, 10 points, Italic. Click on OK to exit 
· this option. 

8. Select Add Line to Map. 

What is created is an invisible line with text that is vis
ible. We are sure that you will find this small trick quite 
useful. (You may ave selected No Line from Line Pat· 
tem.) 

You may save the currently active line in an ASCII file. 
The file contains only the coordinates of points making 
the line. One line is terminated with the combination /" 
typed after the last point's coordina tes. One example of 
an ASCII file containing two lines is reproduced partly 
below. 

672367.68700000 
672282.68700000 
672537.68700000 
672610.68700000 

969797.25000000 
96962225000000 
969119.25000000 
969004.25000000 
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672987.68700000 

666385.75000000 
6664.50.75000000 
r 
635542.68700000 
635772.68700000 . 
635532.68700000 

- 635469.68700000 
635309.68700000 
63S234.68700000 
635339.68700000 
63547 4.68700000 
635464.68700000 

628327.68700000 
628292.68700000 
r 

938400.43700000 
938195.43700000 

969912.25000000 
969609.25000000 
96944925000000 
969092.25000000 
96894425000000 
968937 25000000 
96873425000000 
968587.25000000 
96834925000000 

955647 25000000 
955439 25000000 

You may also import· one or more lines from an ASCIT 
file. The input format is free; the X and Y coordinates -
must be separated by one or more spaces or a comma. 
One pair -of coordina tes, that is one point of a line, is 
typed on one line of the ASCIT file. --

The program will 
prompt you to select a 
file name for the Jine 
either when you wish to 
read the line from an AS
en input file, Figure 15-
52, or when you want to 
write to an ASCII file, 
Figure 15-53. 

,.._., l!!!la!!!!...-__ _.J, r .:·::.;J 
Dtreuauy. C:\GWD i"'"""''l 
Ala: 

DD 
15.6.8. DXF Output Yo u may crea te a .DXF 

15-44 

output file to use in an- Figure 15-52 

other software package, 
most likely AutoCad or another Computer Aided De
sign package. You will be prompted to select a file name 
and directory to save the output. The program will open 
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.,..-:-------
-· . lmc(.:(O~toD.'Cf:fik ~ 

DD 
Figure 15-53 Figure 15-54 

a dialogue box with the list of available files with the ex
tension .DXF, as shown in Figure 15-54. You will be 
prompted to select a file name. 

You will use this menu to add tex 
lines to your map. You may add a 
heading or a title to your map, wn 
sorne comments, etc. You do not ne 

'te 
ed 

to use the text menu options to crea te 
a legend. It is done using options fro liD 

all mapping menus. 

· The Text menu contains the followin 
commands or options, as shown ~· 
Figure 15-55: 

• New Text 

t!ewTexts· ·· . 
Qld Tr:xts 
~ave Texts 
Save T r:xt As 

~d T exts to Map 

fdit Texts Parameters 

Standard ASCII Input 
Standard ASCII Output 

Figure 15-55 
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• Old Text 

• SaveText 

• Save Text As 

• Add Text to Map 

• Edit Text Parameters 

• Standard ASCII Input 

• Standard ASCII Output 

15.7.1. New Text Use this option to crea te a text block. Each set of text in
formation is called a block. For each line of text vou will 
specify the coordina tes of the beginning of the te"xt string 
or the position of the text block, the angle of the text 
block, color of the text, the fonts, and the horizontal and 

. vertical alignment. 

When you select the New Text option, the dialogue box 
as shown in Figure 15-56 will be displayed. The only rea
sonable option available for a new text is the button 

.5:30PM: 

··~·· 
Figure 15-56 

( 
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New. Click on New. The screen Will display the Text At
tributes dialogue box as shown in Figure 15-57. Place
ment of text is determined by the X and Y coordina tes of 

Tatl 

x-ooo-[ J 
y-ooo-¡~==========~1 

Anglo l<logl 1 1 

1 

H.,,,:i·~i""~~;4a2~~W~I 
l:v.;"OK"''+I P ~' :;¡ 

Figure 15-57 

the lower left comer of the first letter of the text string, or 
by alignment attributes in the Text Attributes dialogue 

~ box. 

You may write more than one line of text, assigning to · 
each its position, angle, fonts and colors. 

You may save this text block under its own internal file 
name. You may have many such text blocks or file · 
names. 

15.7.2. Old Text You will use this option to 
retrieve a previously cre
ated and saved text file 
containing one or more 
lines of te.xt information. 

=. -·-'·' lEll:l 

L J 

When you use this option Figure 15-58 
the program displays a list 
of existing texts prompting you to select one from the 
list, as shown in Figure 15-58. When you select a text, it 



15.7.3. Save Text and 
SaveTextAs 

CHAPTER15 MAPPING APPLICATION 

will be transferred into the "text content" with all its at
tributes. 

Same as in other menus on the Mapping application title 
bar, these two commands are used to save a text under 
aninternal name. If the text is a new untitled text you 
will be prompted to Save Text As, that is the program 
will display a list of existing text names from which you 
may choose one or as
sign an entirely new 
name. The dialogue 
box with file name se-
lection may look as 
shown in Figure 15-59. 
If you are working on 
an existing, or titled, 
text, you will have op
tion to Save Text under 
its own name. o: Save 
Text As givin¡; it an
othername. 

_ ... 

1 -ca.a.i-l 
l~l 

Figure 15-59 

15.7.4. Add Text to Map You may add a text to the map. This is probably the rea
son why you are creating texts, editing them, giving 
them sorne attributes, ané :he like, You wish to add them 
toa map. The text may be a header, a subtitle, a company 
name, a comment or description, or anything that de
scribes or enhances a map- Prior to adding a text to the 
map you should check text attributes or parameters, that 
is its position, angle, font family and size, and color. 
Once added, the text cannot be r.~rr.c·ved and the whole 
·~rocess of map building may ha veto be repeated. 

15-48 

· One example of adding text is shown in Figure 15-60. 
This is an insert, zoomed in. 

NOTE. It is a good advice to save a map after severa! steps, so 
tlwt you mtlY start anew from a step befare, not from scratch .. 

].tJ 
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Figure 15-60 

15.7 .5. Edit Text When you select this option, the dialogue box su eh as the 
Parameters one shown in Figure 15-61 will be displayed. Using this 

option you · 

¡,;_. 

may: 

• Edit an 
existing 
t e x t 
string. 

• Add an
other text 
string to 
the same 
t e x t 
block. 

• Delete 
o ne o r 
more text 
strings. 

Mnp Texts · ."'' 

Rio Guarica lrrtgation System 

Figure 15-61 

Editing a text strmg or text line means changing the text 
itself, moving its position by changing X or Y coordi-
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na tes, replacing one font family and size with another, or 
changing its color. 

To edit you should do the following: 

l. SelE!ct with the =sor the line of text yo u wish to edit. 
This line will be highlighted. · 

2. Click on Edit button. GWW will open another dia-
logue box, Text Attributes, as shown in Figure 15-62. 

Text ¡Rio Guarico lrrigahon System 

X -<:oordllurte/630000 , 

~::====~ Y ~ord11ate /968000 

~=====;--___.) 
Angle(deg( 

Figure 15-62 

3. Work on modification and select OK to retum to the 
textmenu. 

To create a new line of text within the same text block 
you should do the following: 

l. Click on New button. GWW will open an empty dia
logue box, Text Attributes, such as shown in Figure 
15-57. 

2. Crea te the new line of text by filling all boxes. Select 
OK to return to the text menu. 

3. Remember to save this modified text block using 
either Save command, or Save As. · 

( 
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Input 
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To delete a line of text from the current text block you 
should do the following: 

l. Select with the cursor the line of text you wish to de
lete. This line will be highlighted. 

2. Click on Delete button. This line oftext will be de
leted. 

3. Remember to save this modified text block using 
either S ave command or Save As. 

Yo u may save a text that was created in GWW in an AS
CII file, or you may create a text file with a text editor. 
When you wish to input the jext as an ASCII file, GWW 
will prompt you for a 
file name to select the 
text, as shown in Figure 
15-63. 

To use a text editor you 
must observe certain 
rules and conventions. 
The text displayed in 
the example above 
when stored as an AS
CII file will contain the 
following: 

¡·-¡ ~ 1 

Figure 15-63 

"Rio Guarico Irrigation System" 632000 968000 
10Cli490"Pai!On"OOO 110 

Evidently, the first line is the text limited with quotation 
marks, followed by the X and Y coordinates defining its 
position on the map. The second line contains the text 
string attributes and font family, size, and color. The Íont 
family is Palton. The three O after the word Palton are 
color cedes, meaning red, green, blue are each set at O 
value. The combination of three "zeros" is the black color. 
Remember that color values are from o·tb 255. The com
bination 255,0,0 is interpreted as pure red, the combina
tion 0,255,0 as pure green, and the combination 0,0,2.55 
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as pure blue. Each other combination of numbers is an
other nuance. (This is to say that fhere will be over 16 
million colors. Multiply 256 by 256 by 256 to see how 
many colors you may crea te!) 

The set of numbers after the color code, that is ·1 1 O de
fines text font attributes, that is normal or bold, normal 
or italic, normal or underlined. O is for normal, 1 is for 
bold, italic, and underlined, in this order. 

The first three numbers in this line define the horizontal 
and vertical offset of the text beginning, and the align
ment of the text string. You should not be concerned with 
this, although you may know that the number 10 means 
horizontal offset (from the X, Y coordinates) equal to 10 
tenths of a millimeter, or, in this case, 1 mm. The number 
O which follows implies O tenths of millimeter vertical 
offset The number 17 is a combination uniquely defin
ing the horizontal and vertical alignment. The remaining . 
two numbers, 49 and O, define the size of the font se
lected in 1/10th of a millimeter and the angle in degrees. 
The size of 49 is equivalent to 4.9 mm, orto 14 points. The 
size of 56 is equivalent to 16 points, 64 is equivalent to 18 · 
points, and 21 to 6 points. r 

Using the text editor to modify an existing text string or 
to create a new one becomes handy when you wish to 
create text strings Jonger than the maximum length as
signed by GWW. 

An ASCll text file with two lines of text may look as re
produced below. 

"Rio Guarico lrrigation System" 632000 968000 
10 5 17 49 O "Palton" O 143 255 11 O 

"Estado Guarico, Republic of Venezuela" 632000 965000 
10017420"Arial"OOO 000 

When this file is imported into GWW and the command 
Add Text to Map is applied, the disp.l~yed text may look 
as shown in Figure 15-64. 
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Figure 15-64 

You may save a text file, with one or more lines of text, 
that was created in GWW as an ASCll output file. You 
may then edit tlús file using your text editor and import 
it again into GWW asan input ASCll file. Before yo u ex-. 
port the file, GWW will prompt you to give a file name 
to the text as displayed in Figure 15-65. 

fUIIRIInM:: .,la,_ ___ ) ~ 
ENrea.ry C:\GWD Fc.aed j 
RIC"': 

DD
I 

r:1 
1-<i 
t->l 
tti 

Figure 15-65 



CHAPTERlS · 

This page intentio'!ally left blank. 

15-54 

MAPPING APPLICATION 

' ' ~ 



16-2 

CUSTOMIZATION 

The applications that can be customized are the follow
ing: 

•Chemistry 

• Concentration-Depth 

• Concentration-Trme 

• Hydrographs 

• lithology (welllogs) 

• Step Drawdowns 

• PuLnpingtests,and 

• Grain Size Curves 

Remember thát changes made in the Customization op
tion will be written to the file GWW.INI which will be 
located in -the Wmdows directory, just like any other 
"Application".ini file. Some portions of this file are repro
duced below. 

[GWW] 
GWWDatallase=c \gwd\test2.gww 
LastPump Tests=PT-1 
Lastldent=P0-1 
Frame=100 10 1800 2500 
LastMasterData=P-540 

Last!.ithology=P0-1 

[PumpTests] 
QUnit=m3/ da y 
LengthUnit=m 

T1111eUnit=min 

[WeiiFunct] 

TraruUnit=gpd/ft 

DrawUnit=feet 
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16.1 INTRODUCTION 

16-1 

This is a utility option in GWW which makes possible 
individual customization of various screen displays and 

-printouts. 

It has been stated earlier that GWW is language-inde
pendent, or almost so! Under "language-independent" 
we mean that yo u do not need to have English captions, 
titles, headers, etc. on your screen-display and/or in 
printouts. You cannot replace English messages, menus, 
comments, instructions, and the like. But you may crea te 
reports of every part of the package in your own lan
guage. This is made possible by using O?tions from.this 
Customization package. 

When yo u select Customization from themain m en u bar 
the screen displays the list of applications in which you 
may change either display or print attributes or replace 
F.nglish words with a "foreign" word. The display is as 
shown in Figure 16-1. Out of thirteen major application 
modules, Master Data, Cross Section, Fence Diagrams, 
User applications, and Mapping applications do not 

Figure 16-1 

need modificatons. In these applications you crea te the 
display and F:--•touts yourself. There is nothing pre-de
signed or default there. Every other major application 
can be customized or default settings modified by you. 

---1 
' 

::J1/' 
'~ 
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Piper Dispi3y Parameters . .-:o&f>M . . . . .. . 
·select ltem(s] 
Border Color [Display! 
Baclcgr. Color (Display! 
Coord. Unes Color (Displayj 
Border Color [Printj 
Baclcgr. Color [Print) 
Coord. Unes Color (Print) 
Labels Font (DisplaY! 
Points Symbols Font (Display] 
Labels Font (Print] 
Polnts Symbols Font [Prinlj 

Figure 16-3 

Color [Printj 
/Backg¡r. Color (Print) 
1 ¡;o•ora. Unes Color (Print) 
1 Laoe11s Font (Display! 
•ru••ms Symbols Font (Displayj 
ILal>e•s Font (Print] 
ID.nlln•~ Symbols Font (Print] 
J'CIItions' T ext 

Figure 16-4 

Figure 16-5 
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[Stiff] . 
StiifBorderDisp=255 255 255 
StiffBackgroundDisp=255 255 255 
StiffUnesDisp=O O O 
StifflnteriorDisp=O O 255 
Stiffl.abFontDisp='Arial' U O O O O O O 
StiffSymFontDisp='Arla!' 10 O O O O O O 

CUSTOMIZATION 

In the Chemistry application, as shown in Figure 16-2, 
you may customize the display and print for each of the 

Figure 16-2 

chemical data graphical presentations: Piper, Wilcox, 
Stiff, or Schoeller diagrams. Since each of the presenta
tions has a graphical drawing and a textual content, the 
options on the customization menu refer to screen and 
print colors (fo: :>order, background, or coordina te lines, 
or lines connecnng points), to font fanúly and font size 
for any textual content, to symbols appearing on screen 
displays or printouts. 

The options for the chemistry application are shown in 
the following Figures: 16-3 and 16-4 (Piper), 16-6 (W'll
cox), 16-7 (:-'Clff}, and 16-8 (Schoeller). The change of text 
is illustrated with the example in Figure 16-5. The word 
'CATIONS' you may replace with the word 'CATIONES' 



16.3. HYDROGRAPHS 
APPLICATION 

CHAPT'ER16 CUSTOMIZATION 

if you wish to write in Spanish, or 1CATIJONI' if you 
wish to use Serbian language. 

Only the lower portien of all options available for this 
application is shown in Figure 16-9. If, for example, you 

· · Hydrographs Display Parame1ers •· :::: · < 
Select hem[s) 
Coord. Unes Color [Display) 
Polygon Color [Display) 
Border Color (Print) 
Backgr. Color (PrintJ 
Coord. Unes Color (Print) 
Polygon Color (Print) 
Font [Display) 
Font (PrintJ 
'Depth' Texl 
'Level' Text 

Figure 16-9 

wish to report 
in Spanish, 
you will re
place the word 
'Depth' with 
its Spanish 
equivalent 
'Profundidad,' 
as it is shown 

-
, 'Doplh'lcxt •.. 

Tnmslation of 'Oepth' 

1 Profundldadj 

Figure 16-10 

4:10PM 

Cana:!'?] 

in Figure 16-10, or the word 'Leve!' with 'Nivel,' etc. You 
may also customize colors, fonts, color of textual attrib
utes, etc. 

16.4. WELL LOGS Yo u may enhance your lithologic or welllog by selecting 
different colors, and fonts. You may replace the header 

16-6 

314 
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V/ilcox Oisp13y Parameters 

· Seled ltem(s) 

Border Color [Oisplayj 
Baclcgr. Color (Displayj 
Coord. Unes Color (Displayj 
'Very Hlgh' Color (Displayj 
'High' Color (Displayj 
'Medium' Color [Oisplayj 
'Low' Color (Displayj 
Border Color (Printj 
Baclcgr. Color [Print) 
Coord. Unes Color [Print) 

Figure 16-6 

Seled ltem(s) 

Border Color [DisplayJ 
Baclcgr. Color (OisplayJ 
Coord. Unes Color (DisplayJ 
Polnt Polygon Color [OisplayJ 
Bordcr Color (Printj 

. Baclcgr. Color [Print) 
Coord. Unes Color [Print) 
Point Polygon Color (Printj 
Le beis Font (Display) 
Labels FomtPrint) 

Figure 16-8 

( 
1 
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16.6. GRAIN SIZE 
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CURVE 
APPUCATION 
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In a step drawdown diagram the following text appears 
on the graph or in the table: 'Drawdown,' 'Pumping 
Rate,' 'Aquifer Loss,' 'Well Loss,' and 'Effidency.' You · 
may re place ea eh of these with their equivalents. The op
tions are shown in Figure 16-13. 

ram~:tcrs ~ , ~ , 

Seled ltemfs) 
Coord.System Font (Display) 

~. Table Header Font (Displayj 
Table Data Font (Display) ----... 

Coord.System Font fPrlntj ... 
Table Header Font fPrintj ' 

o_:; • 

Table Data Font fPrint) ----
... 

'Drawdown' Text ... 

'Pumping Rate' Text ~· 

'AquHer Loss' Text ~ 
Well Loss' Text • 

lf" Di 11/ci;~;¡ ~;!::''. -: . .;._:·.- ~~ .. > 

Figure 16-13 

Here again, every word that appears on the diagram 
may be replaced. This is shown in Figure 16-14. In addi
tion you may control the color of display and of print
outs. You may "paint" the background, frame, or border 
of the drawing to enhance it if you are going to print in 
colors. 
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which contains the words 'Depth,' 'Hole,' 'Annulus,' 
'Casing,' 'Screen,' and 'Lithology,' with other words or 
equivalents in other languages. If you select fonts such 
as Czar from CorelDraw or Cyrillic from other sources, 
you may create a welllog in Rússian using Cyrillic al
phabet (Of course, you may do it in Arabic, Hebrew, or 
any other language, provided you have fonts for their 
alphabets available.) 

Welllog display and print parameters, available for cus
tomization, are displayed in Figures 16-11 and 16-12 ... 

Figure 16-11 

> · · ·.- Well'log'Display~nnncters 

Selec:t ltemls) 
1 Header Font [Print) 
Uthology Font [Print) 
Annulus Font [Print) 
Coordinates Font [Print) 
'Ocpth• Tcxt ~ 
'Hole' T ext - · 

I
'Annulus' Text 
'Casing' Text 

1 'Screen' Text 
! 'Lithology' Text 

Figure 16-12 
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DEPTIISERIES 

"16.9. 
CONCENTRATION

TIME SERIES 
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In this applications, most of customization is done from 
the application's menu. There, you can select header 
fonts, axis labeling, coloring and filling with colors vari
ous parts of a diagram. Here, you may replace one of the 
two English words, as shown in Figure 16-16. 

Although you 
may modify the 
display or print
out to sorne ex
tent directly from 
the application, 
most of the cus
tomization will 
be done f;om this 
m en u. 

Figure 16-16 

Seled Hem(s) 
Border Color (Display) 
Backgr. Color (Display) 
Coord. Unes Color (Display) 
Border Color (Prlnq 
Backgr. Color (Print) 
Coord. Unes Color (Print) 
Labels Font (Display) 
Labels Fonl (Prlnlj 

Figure 16-17 

(( 
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PUMPING TEST 
APPLICATION 

.... ~ 

CHAl'TER 16 - CUSTOMIZATION 

, ' Grain Size Curve. Displuy Parameters ' ' 

Select kem(sJ 
Table Header Font [Prin!J 
Toble Data Font [PrintJ 
'Grain Slze in Mlllimeters' Text 
"'Passlng' Text 
'Fines' T ext 
'Sand' Text 
'Gravel' T ext 
'Cobble' Text 
'Boulder' Text 
'Ane' Text 

Figure 16-14 

,. ::: 

Almost everything that is presented either on screen or 
printed can be customized. One portian of options is dis
played in Figure 16-15. Thls is mostly the textual part of 
the pumping test display, but you may also control col
ors of lines,~ coordina tes system, data points, back
ground, and the like. 

Pumping Test Display Parameters : · .. :-. 

Select ltem(sJ 

/

Coord.System Font (Prin!J 
Time' Text 
'Orawdown' Text 

!'Residual Drawdown' Text 
I'Jacob Method' Text 
Í'Theis Method' Text 

I
'Hantush Me!t>od' Text 
'Recovery ~:::.:od• Text 

I
'Theis Method tor Partial Pen.' Text 
'Error' Text 

Figure 16-15 

1+ 
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Content 
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Figure17-1 

As shown in Figure 17-1, the Fence Diagram application 
is comprised of the following major options: 

• Model 

• Wells 

• Map 

• Grid 

• Drawing 

• Drawing Style 

• Help 

The Model menu is 
shown in Figure 17-2. In 
this menu yo u control the 
content of the fence dia
gram, the viewing an
gles, the scales, and the 
general layout of the 
drawing. 

The Wells menu is shown 
in Figure 17-3. In this 

.!:!elete Panel 
p.!end Panel 

Seled Worl:ing Set 
Seled Worl:ing _!!roup 

Panels 

t.ll'ximum J.ength 

.Ynils 

.!;oordinate Planes Parameters 

Figure 17-2 

.-
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17.1 INTRODUCTION 

17.1.1. General -

17-1 

Using this application you may create fence d.iagrams, 
displaying on the screen and in reporting forms the fol
lowing-:__ 

• Lithology at borehole sites. 

• Hydrogeologic information such as water table. 

• Stratigraphic information by connecting !ayers ·with 
d.ifferent !ines. 

' 
You may add lines created from gridded models in the 
Mapping application. You may also use free-hand draw
ing of lines, close polygons and fill in with lithologic or 
other symbols. 

Since it is a three dimensional presentation of the lithol- ~-
ogy of a terrain on a two dimensional screen and paper, '-
you may control angles of rotation along the x and y axis, 
and angle of projection on the Z axis. 

As in the other general-purpose utilities within GWW, 
such as Mapping and Cross Section, yo u may select hori
zontal and vertical scales to fit your drawing on a se
lected paper formal 

GWW stores fence diagrams as a part of the information 
system. The l_ast r:reated fence cliagram is displayed al
most automatic:ally when you select this application. 
Thus the lithology of a selected part of the area is imme
cliately visible. 

\ 

3i1' 
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headers and textual expla
nations. 

The Draw Style menu is 
showninFigure 17-7. Using 
this menu you will control 
severa! display options, e.g. 
the width of lithologic col
umns. 

The three dimensional pres
entation of lithology of an 
area is actually mode~ing 

O Sldp Undditted Polygans 

O Skip Unes AbOYe and Below Log 

~ Rll Pencl Background 

Figure 17-7 

the lithology of an area. You select which part of the area 
you wish to model, which wells to use, how to present 
them; and you change ·the angles of viewing the cross 
section. · 

The Model menu serves to crea te "panels" which put to
gether make a fence diagram ora lithologic model of the 
area. 

A panel is a rectangle in space drawn in su eh a way that 
a pair of two neighboring wells makes panel sides. One 
of the panels is shown in Figure 17-8. A well which is 

Figure 17-8 
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menu you select 
wells-te be used in a 
fence diagram. Be
fore using the Model 
menu you will nor
mally start by select
ing wells to repre
sent lithology. 

The Map menu is 
shown in Figure 17-4. 
This is a shortcut for 
selecti.ng wells. You 
may crea te a working 
set or working group 
of wells directly from 
amap. 

The Grid menu is 
shown in Figure 17-5. 
Using this menu you 
may add one or more 
lines to the fence d.ia
gram. These lines are 
created in the Map
ping application. 

The Drawing menu is 
shown in Figure 17-6. 
With this menu you 
will finish the fence 
diagram as a draw
ing. You will add vari
ous legend blocks, 
such as the one ex
plaining li tholo gic 
symbols used in the 
diagram, various 

FENCE DIAGRAM APPLICATION 

Figure 17-3 

Figure 17-4 

Figure 17-5 

Make Legend 
Add T ext to Legend 
Add Se '\le tr-. Legend 
Add UtólOICiiJY to .Legend 

Print Drawing 
Print Setup 
Dlmenslon 

Figure 17-6 



17.2.1. Make Panels 
·- from Wells 

17 .2.2. Delete Panel 
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When this option is selected GWW automatically crea tes 
panels from wells making the working group. Panels 
wlúch would cut through another panel will not be cre
ated. This is to say that in sorne cases you should not 
expect that al! possible combinations of panels will be 
created. For example, with 3 wells labeled W-1, W-2, W-
3, it mayor may not happen that there will be three pan· 
els. lf one of the panels is in the way of another panel, it 
will be eliminated. 

The effect of this command is immediately e\ident. A 
fence diagram will be displayed on the screen using cur
rent scales, 
orientation .................................. s ...... :r ......... . 

s, fonts and 
color attrib
utes. A typi· 
cal screen 
may look as 
shown in 
Figure 17· 
11. Notice 
tha t so me \ 
wells are 
shared by 
three pan
els. Figure17-U 

Once created, panels are stored in 
the information system created by 
GWW with al! their attributes and 
additional contents. Panels are 
like building blocks making the !· OK J 1~11 
final drawing. Each panel is like Fi 

17
.u 

a cross sect10n connectmg two gure 
wells. You may delete one or more p~els from the infor
mation system. When tlús command is selected the 
screen displays a dialogue box as shown in Figure 17-12. 
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used by two or·more panels is shared by these panels 
(Figure 17-9). More than one panel can be drawn 
through one well. Each panel may contain only two 
wells. 

•· 

Panels are 
labeled us
ing the 
names of 
wells that 
m a k e a 
panel. As 
shown in 
Figure 17-
10 the la
beling is 
(MW-7-
MW-9). 
Panels can 
only join 
one with 

·:.' .. 
Figure 17-9 

. "'• ....... """"<C."'-="·.,,.-----, ¡¡;.._,., ........... , ... ~='"' -----, 
: (ww-Gii...MW-07) (VW-02...tr.tw-CS) 

(VW-OZ..,_..,4C) 
(VW-Ol.a.fW-.(1'> 
(UW-Oii..t.fW-.0!} 
~7_fiiW.CI.) 

(VW-07.tr.tw-e•) 
(MW-e!l,..frr,niY-10) 

1.-.'.JE,;,J 

Figure 17-10 

the other but they cannot cut through or protrude 
through. 

( 



.-

17.2.5. Select Working 
Group (of Panels) 
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many panels from the group of wells [using the com
mand Make Panels from Wells]. Using this command 
you may elimina te sorne of panels that yo u do not want 
to work with. When this command is selected the dia
logue box as shown in Figure 17-14 is displayed. Click
ing with the mouse on a panel name on either Selected 

k·•(........o.i.o·;:::] '" sói.co---~: q 
r ......... ,,q """""""~'~ 

Figure 17-14 

or Unselected side you will move the·panel to the other 
si de. 

The cornmand Select 
Working Group on the 
Model menu implies 
the selection of panels 
that will make a cur
ren! working group. 
These will be the pan
els u sed to crea te a 
fence diagram after 
you click on the Re
fresh button. When 
this command is se-
1ected the dialogue 
box as shown in Fig-

-- ,___ 
1..-..1.-.cJ] 

~~~·~ _,__ 
14'1Wf~ftq ,.,.,...1.--¡ 
~IW'l. ., 

1 ~·· 
_,_ 
-·· ' ' 

1 1 ' 
1 1 

t .......a .. :z:.:¡ ["" ..;;;.;. ... J 
~ )-..! 

Figure 17-15 

ure 17-15 is displayed. Clicking with the mouse on a 
panel name on either Selected or Unselected side you 
will move the panel to the other side. 
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All available panels are listed. You may click on one or 
more-panels to select (highlight) them to be deleted. 
When you click on OK they will be deleted. 

17.2.3. Extend Panels In this application panels are defined as rectangles en
closing a space between two neighboring wells. How
ever, there may be cases when you will want to crea te a 
panel which will have only one side coindding with a 
well while the second side will be free. Such panels may 
be needed when you wish to interpret and displa ~-·lithol
ogy beyond end wells in a cross section. Such panels are 
created by "extending" an existing panel using the com
mand Extend Panel. The dialogue box as shown in Fig
ure 17-13 will be displayed with the list of all available 

17.2.4. Select Working 
Set (of Panels) 

1 ¡.¡ 

Panel t:D be extended 
IMW-06 MW-09 
(loiW-Il7.t.IW-Il8) 
:WW-Il7,t.IW-Il9] 

Figure 17-13 

Extenslon Length 
, feet 

loiW-1)6 s;dc c:::J 
MW-09 si de c:::J 

panels. Extending a panel you will not widen this panel 
but you will crea te a new panel which will share the side 
well and \\ .: : ha ve the length as entered by you in the 
right side or :..'le dialogue box. The newly created panel 
becomes independent and behaves in the same way as 
other panels. __ 

~e comffiand Select Working Set on the Model rnenu 
=plies the selection of panels that rnake-a current work
ing set. You may have rnany wells making a current 
working group of wells, and you rnay have created 
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--
17.2.8. Units The units are taken 

from the Cross Sec
tion application. 
However, you may 
change units within 
this application. 

FENCE DIAGRAM APPLICATION 

Figure 17-17 

WI!Ddmum Panel Length flcet] 

lllilil 

Figure 17-18 

• 

• 
·* . 

When you select the Units command you will be offered 
a dialogue box for Coordina tes and for Elevations. 

17.2.9. Coordinate When this command is selected, the dialogue box as 
Plane Parameters shown b Figure 17-19 will be displayed. It is composed 

of four parts: Coordina tes, Scales, Z Label Font and Col
ors for coordina te planes. When the Make Panels from 
Wells command is invoked GWW will sean all wells and 
will display the range of X, Y, and Z values for all wells 
making a current working group. You may change this 

17-10 
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17.2.6. Clear Panels This command is used to remove additional "enhance
ments" toa panel. For example, you may add lines either 
hand drawn or from the Mapping application. Also you 
may fill in a layer with a lithologic pattern. A panel may 
loo k as shownin Figure 17-16. Using the command Clear 

17.2.7. Maximum 
· Length 

, .. 

.. 
''; ... . . 

Figure 17-16 

Panels all content other than lithologic colurnns will be 
elirninated and the screen display may look as shown in 
Figure 17-17. Using this command all panels currently 
displayed will be cleared . 

. Pa11els are automatically created using X and Y coordi
na tes of wells. Sorne panels may be too long. You may 

. reduce the length of ea eh panel by assigning a maximum 
allowed length. The dialogue box is as shown in Figure 
17-18. 

( 
' '-· 
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The Z label font part of this dialogue box is intuitive. So 
is the Color part in which yo u will select background col
ors for "vertical" walls and the "horizontal" base of a 
fence diagram. (Neither the walls are vertical nor the 
base is horizontal, in most cases.) 

17J.IO. Viewing With the buttonParameters you may control the follow-
. Parameters ing: 

• Rotation angle around the Z axis. 

• Rotation angle around the X axis. 

• Relative projection distance. 

• Normal or central projection. 

The angles of rotation enhance or hide some portions of 
a fence diagram. The best practice is to experirnent with 
different angles and find a combination which displays 
best what one wants to present. 

The relative projection distance is a measure of the 
viewer's location. It is equivalent to the diagonal of the 
three dimensional space that is displayed; and measured 
from the center of the space. It cannot be less than l, that 
is a viewer is not allowed to "enter" too dese into the 
model. 

The dialogue box with parameters is as shown in Figure 
17-20. Figures 17-21 and 17-22 show the difference be
tween an orthogonal and a normal projection, respec
tively. The angles of rotation around the Z and X axes are 
30 and 45 degrees, respectively in both cases. 

The angles of viewing c:~n be assigií.ed in a more conven
ient way by sliding scroll bilrs in the middle part of the 
left-side window. Sliding th•~ bars in whichever way you 
will rota te the coordina te triedar. When you wish to dis
play the new view dick on the Réfiesh button. If you 
ha ve rotated the triedar, but ha ve dedded not to change 
the viewing angles, press the button Cancel. 
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X ~~!!L--I~~~_j feet 
Y feet 

Z feet 

Scales 

Horizontal 1 : ~ 
Verticol 1 : ~ 

Figure 17-19 

Colors 
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W>< :;-¿~;;;;if 

F~ál>ia;.;; ·! 

manually in this dialogue box. Normal! y yo u may want 
to increase the top elevation (Zmax) to enhance the to
pography. Or you may want to elimina te sorne deeper 
layers by increasing Zmin and emphasizing only the up
per part of a fence diagram. 

Selecting scales is not that straight forward procedure as 
it was in the Mapping or Cross Section applications. Re
member that this is a "quasi" three dimensional presen
tation on a two dimensional plane (screen or paper). The 
final dimension of a drawing will depend on severa! fac
tors: on horizontal and, to lesser extent, vertical scales, 
on angle of rotation around X axis (to be selected under 
the Param.oter, button) and on angle of rotation around 
Z axis. 

The best practice is to select different combina tions and 
check the size of the drawing using the option Dimen-
sion on the Drawing menu. ·-· 

3U 
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panel to another in a straight forward way. (Yo u may ere
-ate a continuous line by selecting a point on a well that 
is shared by two panels, but again, you will be drawing 
in individual panels.) 

To start drawing a line click on the button Line +.As long 
as you do not click on the same button again, the points 
that you wili be making using the mouse will belong to 
the same line. Make severa! points with the mouse until 
yo u crea te a line. One such line is shown in Figure 17-23. 
To draw another line, againclick on the button Line+. In 

-

Figure 17-23 

plotting terminology this is equl.va!ent to Pen Up. Click
ing now with the m o use on the starting point of a second 
line is like the plotting command Pen Down. An example 
is shown in Figure 17-24. 

Figure 17-24. 



17.2.11. Hand Drawn 
Lines 
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Rotation Angles (degrees) 

Around z-axis U · 
Around x-axis ~ 

Relative Projecioion Distance L.!1 _ __, 

O Normal Projection !f <o!(·.: 1 jrcalicei 1 

Figure 17-20 

Figure 17-21 

Figure 17-22 

A free hand drawing is an option in this application. 
However, you should work in panels. Each panel is an 
independent entity. You cannot extend a line from a 



17 .2.13. Fine Tuning of 
Points 
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You may fine tune the position of points and Unes by us
ing the button Select. After you press on Select you may 
drag any point on a line. Figure 17-26 shows one such 

·Figure 17-26 

move. Figure 17-27 shows that by moving a point on a 

Figure 17-27 
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o 

2342.6 
2390.5 
!eet 



17.2.12. Filling with 
Lithologic Patterns 
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To delete a line click on the button Une- and click on one 
or rnGFe points on the line you wish to·delete. The line 
will be deleted but the points will remain visible. Alter
·natively you may select the command Oear panels in 
which case all what you have added to each displayed 
panel will be erased. · 

Very often you will want to fill a lithologic unit or a !ayer 
with its pattern. The filling is done in dosed polygons. 
To fill the !ayer in Figure 17-24 with the pattern for dolo
núte you need to add two more lines, each connecting 
the top with the bottom of dolonúte ~ both wells. H you 
do not dose the ¡::·olygon correctly the color and pattern 
will spill and cover the whole panel. H this happens you 
will have to dear this panel. However, remember that 
the command Clear Panels will dear all panels that are 
currently displayed (or which make your current work
~g group of panels). 

When you have a dosed polygon, you máy select one of 
lithologic patter..s wlúch are displayed in the lower part 
of the left-side window. Click on dolonúte, e.g., notice 
tnat the symbol name becomes d.imrned and click inside 
the polygon on the panel. This acts as a paint brush. The 
final display is as shown in Figure 17-25. 

:-·····---···---···.:=··········--·········-··-···--··----····--···-··--··· .. -····--·····.,.,_,.-.. . ....... ··--··-· 
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Figure 17-25 
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Uasltleded ltlnas 
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Figure 17-28 

17.4. MAP MENU On this menu you have three options: 

17-18 

• LoadMap 

• Select Working Set From Map 

• Select Working Group From Map 

The Load Map option is a general option for selecting 
wells either to make a Working Set ora Working Group 
of wells. Prior to clicking on Load Map yo u should click 
on either Select Working Set from Map or Select Work
ing Group from Map to make a working set of wells (a 
larger group) ora group of wells (from among a working 
set) that will be plotted on a fence diagram. 

When you click on either Select Working Set or Select 
Working Group nothing visible will happen. GWW is 
only prepared for your next move, that is the real selec
tion from a map. 

17.4.1. Load Map This option is used for two purposes:-

1. To crea te a working set of wells directly from a map. 

J'!G 
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line which closes a filled polygon the new polygon be
comes completely filled with the selected pattem. 

17.2.14. Points You have two additional buttons: Points + and -. Al
though points can be drawn using the Line + button, the 
button Points + draws but does not connect points. Like
wise, the button Points- erases a point but not the Iine. 

17.3. WELLS MENU To select wells to l:>_e used on a fence diagram is normally 
the initial step in rising this application. You have only 
two options on this menu: to select wells that will make 
a working set, and to select wells that will make a work
ing group (Figure 17-3). You can make a working group 
only from wells that make a working set. 

17.3.1. Select Working 
Set 

17.3.2. Select Working 
Group 

17 ·17 

You use the select Working Set option in the same man
ner as in any other application. Its use is explained in 
Chapter S, section5.3. Its purpose is to reduce a large set 
with many wells to a smaller set of wells which may be 
selected for any reason. 

Only the wells that are included in a working group can 
be added to a fence diagram. You may select a working 
group in severa! ways. One would be to use this option 
on the Wells menu, and ::1anually pick wells one by one 
from the Unselected list of wells. The other would be to 
~se this option and apply one of selec:íon conditions. For 
example, you could use well names, X and Y coordi
nates, type of aquifer .and the like. 

An altemative to selecting wells by names or identifica
tion using this menu is to select them directlv from a 
map. This will be explained in Section 17.4. whlchever 
method of selection you choose, the list of selected wells 
willlook something like what is shown in Figure 17-28. 



17.5. GRID MENU 
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4. Click on Select Working Group from Map. Nothing 
__happens. 

5. Click on Load Map. Wait for the dialogue box to list 
available maps. 

6. Select one of maps listed. 

7. Select wells to make a worki.ng group using either Rec
tangle, Points, or Area. In the case of Points, use other 
buttons on the right side to complete the selection 
(End Points). In the case of an Area, after vou cirde 
an are a (remember, in dockwise direction vou are se
lecting within the area; in the counterdockWise direc
tion outside the area!) you should dose the area (Eru.:!. 
l:Qint) followed by End Digitizing button. 

8. Click on Select Working Group on the Wells menu to 
check whether these are the wells you wish to dis
play on a fence diagram. 

Using this option and the subsequent option from this 
menu you will add one or more lines to your cross sec
tion. The menu has only one option: 

• Get Intersection Line 

The sequence of operations is normally the following: 

l. Select Get Intersection Line. A dialogue box is opened 
with the !ist of available grid models (these grids are 
created in the Mapping application by maki.ng a grid 
model from random point values. 

· 2. Select one of available lines to plot . This line will be 
automatically displayed on the fence diagram. How
ever, remember that for plotting a line the option 
Skip Undefined Polygons on the Drawing Style 
menu must not be checked. 

3'18 
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2. To create a working group of wells directly from a 
map. 

17.4.2. Select Working The sequence is normally: 
SetfromMap 

l. Oick on Wells to open the menu. 

2. Oick on Select Working Set and Unselect all wells. 
This is important because any selection adds new 
wells to the existing working set. 

3. Click on Map to open the menu. 

4. Oick onSelect Working Set from Map. Nothing hap
pens. 

5. Click on Load Map. Wait for the dialogue box to list 
available maps. 

6. Select one of maps listed. 

7. Select wells to make a working set using either Rectan
gle, Points, or Area. In the case of Points, use other 
buttons on the right side to complete the selection 
(End Points). In the case of an Area, after you drcle 
an area (remember, in clockwise direction you are se- ( 
lecting within the area; in the counterclockwise direc-_ '--~ 
tion outside the area!) you should close the are a CEnd 
EQim) followed by End Digitizing button. 

8. Click on Select Working Set on the Wells menu to 
check whether these are the wells you wish to work 
with when creating a fence diagram. 

17.4.3. Select Working The sequence is normally: 
Group from Map 

17-19 

·:l. Click on Wells to open the m en u. 

- 2. Click on Select Working Group and Unselect all wells. 
This is important because any selection adds new 
wells to the ex:isting working group,_ 

3. Click on Map to open the menu. 

J97 -



17;6.1. Make Drawing 

17-22 

17.6.2. Drawing 
Margins 
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you will make legend blocks to enhance the drawing. In 
this menu you will also save the drawing by assigning a 
name. You will setup your printer and print the drawing. 

With this command you are switclúng from the main 
menu view to the drawing view. The whole screen be-. 
comes your drawing area. You may add lithology, 
header, scales, and any text you find appropriate. Wait 
until GWW recalcula tes the drawing and displays a dia
logue box, Margins, on the screen. 

You will be 
f i r s t 
prompted 
(Figure 17-30) 
·to confirm 
the margins 
of the draw
ing. Margins 
in this opera
ti en imply 
the amount 
of shifting the 
drawing left, 
right, up, or 
down within 

Lcft l[i] 
f-'L---1 

Above O 

Right o 
1----1 

Bclow O 
'-----' 

Figure 17-30 

the printing form field. The shifting of the drawing be
comes handy when you wish to make space for legend 
and text blocks. Remember that the drawing you are go
ing to create will be saved and assodated with a draw
ing's name but it will not become a part of the 
inforroation system which you can later edit. In other 
words, the 3D drawings are not like 2D cross sections 
(application Cross Section) or maps (application Map
ping). They are like "nonstandard" drawings: a pumping 
test, a hydrograph, a chemical diagram and a step draw
down test diagram. You may print them provided you 

4DO 
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MENU 
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The lines that you may normally display could be the 
following: 

• ground surface elevation; 

• water leve! at one or more dates; pre-pumping and 
post-pumping water leve! showing a cone of depres
sion; 

• lithological contacts between formations; 

• stratigraphic contacts between stratigraphic units; 

• top and bottom of an aquifer. 

You may display or add to a fence diagram one or many 
such lines as shown in Figure 17-29. 

Figure 17-29 

Using this command you will finish your drawing which 
you have created by selecting wells, making panels, se
lecting sea! es and orientation, and other attributes. Here 

i¡..Ot 
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l. Unless you are already in the Make Drawing mode 
you should select Make Drawing. The option Make 
Legend becomes available. 

2. Select Make Legend. 

3. In the dialogue box titled ''Legend Positioning" select 
in which comer of.the drawing you wish to place the 
legend. You have fóur options: lower left, upper left, 
upper right and lower right. You ha ve also the option 
to move the block from the selected comer both in X 

· and Y directions, that is you may place the legend to 
any part of the drawing. 

4. In the same dialogue ~ox decide which comer of the 
legend block will coincide with the selected drawing 
point. For example, if you select Lower Left comer 
of the drawing and Lower Left comer of the legend 
block, and leave blank additional offset fields, the 
legend block will have its lower left comer in the 
lower left comer of the drawing and will extend to 
the right and above from this "origin". If you select 
upper right comer of the drawing and upper left cer
ner of the legend block, the legend block will extend 
beyond the cross section drawing to the right. 

5. Select the offset in X and Y directions from the selected 
drawing comer points. The offset is in millimeters. 

6. Select the size of the legend block. Fill in the fields for 
X (width) and Y (height) size. 

NOTE 1. You may not like the position or the size of the Iegend 
block. You cannot erase the block without clearing the whole 
cross section. It may happen thllt the frame of the Legiñd block 
or its content will not be fully displayed on the screen after the 
block is created. Click on Fit Wnd button on the right tá refresh 
the screen. 



17.6.3. Save Drawing 
As ••• 

17.6.4. Make Legend 

17-23 

CHAPTER17 - FENCE DIAGRAM APPLICATION 

create a reporting form in the Cross Section application 
and select Drawing option under New Field menu. 

When you crea te a new fence diagram you may want to 
save it for printing. The only option available for saving 
is Save Drawing As ... after which you are prompted to 
give a name to the drawing. 

To crea te a legend block you must start with Make Leg
end option. Using this option you will position the leg
end block (box) onto the drawing, assígn its X and Y size, 
and add sorne offset to the frame to move it from the 
drawing's frame. You may make severallegend blocks 
and place them on the same drawing, but you must fin
ish the complete creation of one block and fill its content 
befo re yo u can crea te another block. One of Make legend 
dialogue boxes prepared for the lithology description is 
shown in Figure 17-31. 

Relate comer points of map and legend 

Map Comer Point 
Lower Left 
Upper left 
Upper Right 
Lower Right 

legend Comer Point 
lower left · · · •· 
Upper Left 
Upper Right 
Lower Right 

Additional Offsetl!!!!!!l.__, 

xls 1 y~ ¡···----,·· · 'Font: 

legend Field Dimension {mm] 

X 135 1 Y 125 1 

Figure 17-31 
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17.6.7. Add Lithology 
to Legend 

,_ 
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At the end the program will open a font selection dia
-logue box giving you an opportunity to select font fam
ily, size, and style: 

Using this ophon you will be prompted to select li
thological symbols that may appear on the currently dis
played fence diagram to have them become a part of the 
legend. 

The procedure that follows assumes that yo u ha vean ac
tive legend blod created by using the option Make Leg
end. If not, crea te first the legend block and position it on 
the screen. 

l. Select Add Lithology to Legend. A dialogue box titled 
"Select Lith. Units" will display a list of alllithologic 
symbols that you have made a part of your data base 
when you have created welllogs using the Well Log 
application. This is the same list of wells which is 
copied from the ASCTI file LITH.DLT as distributed · 
with the program, unless you have used another file 
created by you.The dialogue.box may loo k as shown 
in Figure 17-32. 

Figure 17-32 

2. Click with the mouse on a symbol that yo u wish dis
played on the cross section. You should click on all 
symbols that yo u wish to place on the legend befare 
yo u select OK. This ensures that symbols will not be 
separated in the vertical succession within the leg
end. Select OK. Remember that by default GWW ere-



17.6.5. Write_Text To 
Legend 

17.6.6.Write Scale to 
Legend 
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NOTE 2. If you do not specify the ·Legend Field Dimensúm" 
but leave the two fields b/ank, you will be able to crea te a legend 
block without the frame. This may be very handy if you are not 
su re what size of the block is needed for the ten that you intend 
to write. 

If you have created a legend block by using the option 
Make Legend you may add s::ne text to the legend. 

l. Select Write Text to Legend. Type some text onto the 
line in the Text to Legend dialogue box_. 

2. Click on OK or press ENTER 

3. The Font Selection dialogue box offers you to selecta 
font from one of installed fonts. Select font family, size, 
and style. Keep in mind the size of the legend block and 
the length of the text string that you just typed. 

NOTE. The screen display in sorne parts of GWW is not 
What You See Is What You Get (WYSIWYG). This is espe- ,-
cially true for the legend. It may appear that the text \ __ 
string extends beyond the legend box frame. To see 
whether this is the case refresh the screen by selecting 
either zoom in or zoom out buttons on the right and by 
viewing the enlarged legend block. · 

You may write severallines of text to the legend block 
provided you ha ve assigned enough space for the block. 
One typicalline might be the word LEGEND. 

The program knows which scales are used for drawing 
a fence diagram. When yo u select Write Scale to Legend, 
GWW will offer a default text for the horizontal scale, 
followed by a default text for vertical scale. You may ac
cept these text options by pressing ENTERo;- clicking on 
OK, or you may override them by typing something else. 

l.{ OS 
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17 .6.8. Print Cross 
Section 
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S CALE 

Figure 17-34 

A completed fence diagram with a header, legend block 
anda scale block is shown in Figure 17-34. 

Whenyoude
dde to print a 
3D cross sec
tion, the pro
gram will 
display the 
list of all 
available re
porting forms 
as shown in 
Figure 17-35. 
You may se
lect one of the 

LandsXl..lBO 
Lanrlscape 
Poruait. 

Figure 17-35 
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. ates one symbo!S mm hlgh. Thus if yo u wish to place 
6.fuhologic symbols on the legend, you need to crea te 
a legend block with mirúmum height of 35 mm. 

3. The program offers now ''Legend text for ... " the sym
bol that you selected, and places the default text as
sodated with this symbol. You may confirm it by 
pressing ENTER or clicking on OK button, or you 
may type another text. Here again you may use Jan-

- guage other than English! After the last selected sym
bol is confirmed, the program will automatically add 
these symbols anta the currently active legend block. 
Figure 17-33 displays a legend block created to de-

- - . . . . . . . . . . . . . . ............... 

. . . . . . . . . . . . .. .. 

Figure 17-33 

scribe various lithological units that may appear on 
the fence diagram. 

' 

NOTE. If yau wish syrribols to be Si!parated one from the other 
by 5 mm, select only one symbol and press ENTER, then con
firm the text. Ri!peat with the second symbol, the third until 
yau select all symbols. The symbols will appear as 5 mm blocks 
Si!parated by another 5 mm of blank space in the vertical suc
cession. 

.. . 

401 



Ii.6.10. Dimensions of 
the Cross Section 
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number of copies, colors for a color printer, and many 
more. You cannot change the default printer! 

The dialogue box for selecting printer parameters is 
shown in Figure 17-36 for Hewlett Packard Laserjet ID 
printer. 

DMN~~======~O~P-~---~-m--~-tioo----~ 
IAj O~Oitlait ~ea: CJ 

@ J.anclocape 

. 
Z: Wicrasolt lA 
HP: Profolection 
HP: Global T ltld 
HP: Great Start 

Figure 17-36 

'OJ:'': 'j 

.c....;;eFj 
l~'fil 
1' c .. ' "'"'"' ,· .z_CIA!Li·:·,~ 

1 á..aat.:q 
1 !i4 ;'1 

You will use this option frequently to check fue size of 
the drawing. The numbers are in centimeters by default. 
The following is important to keep in mind: cross sec
tions are printed using either a default reporting form or 
one which you created. When you create a reporting 
form, you assign the dimension and position of the 
drawing field. The dimensions assigned using ilie Tools 

. option on the maih menu and Report Form Editor 
should match ilie dimensions of your current cross sec-
tion ir, order to print its whole content. · 

For example, currently you ha ve a cross section report
ing form as a part of the GWW.OOdtemplate, which is 
prepared for ilie drawing size 250 mm horizontally by 



17-29 

17.6.9. To Setup a 
Printer 
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forms, and the pxogram will print the report. You crea te 
reporting forms using the Tools option on the GWW 
main menu, then Report Forms Editor, then Cross Sec
tion. 

NOTE. You rruzy place a fence diagram title directly on the 
drawing using the Make Legend and Write Text to Legend op
tions. Or you may create a header or text field in the cross 
section reporting form. The first option is handy to make a one
line title. The seconq .option is useful for making a title with 
one or more lines using object field attributes (alignment, 
fonts, colors, border line thickness, shadaw and the like.). 

Selection of printers and attributes related to printing is 
normally a Windows operation. You may set up your 
printer parameters from Wmdows, prior to running the 
GWW program. To do this: 

l. From Main group select Control Panel. 

2. Select Printers. 

3. Select one of installed printers as a default printer, or 
add sorne more printers to match your hardware. 

4. Select Setup and modify whatever you want to mod
ifv . • 

5. Click on Setas default. 

·6. Close Printers and Control Panel. 

You may do about the same from inside the GWW. From 
within the GWW you use Printer Setup to change the 
orientation of príntout, portrait (vertical) or landscape 
(horizontal), the printing medium, the quality of print, 

40"1 
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17.7.2. 2D Drawing ·When you select this box the angle of orientation along 
the X axis will be returned to 90 degrees. The cross sec
tion will becorne similar to the standard Cross Section 
application, except that in this application you may con
nect lithologic urúts, fill thern with symbols and pattem, 
and add sorne free-hand drawn lines. 

17.7.3. Skip Undermed 
Polygons 

17.7 .4. Skip Lines 
Below and Above Log 

7.7.5. Fill Panel 
Background 

17.7.6. Well Column 
Width 

17-32 

If you check the option Pararneters, you will notice that 
the "Around X axis" angle was set to 90. 

Sorne of polygons rnay be undefined. You are advised to 
keep this box unchecked, which would be interpreted as 
"Do not skip undefined polygons." You certainly need to 
keep this box unchecked if you wish to .add sorne "inter
section" lines, that is the ground surface elevation, sorne_ 
water level ata certain date, lithologic rnernbers and the 
like. 

Sorne polygons rnay extend above the ground surface 
elevation and rnay have lithology undefined. Checking 
this box will prevent such polygons frorn being drawn. 

Leaving this box unchecked panels will be left transpar
ent, that is without sides. Every well which would be 
covered by a front-drawn panel will be visible. Yet you 
willloose "three dimensionality." · 

Just the same as in the Cross Section application yo u rnay 
control the width of well columns. The default is 10 mm. 

l. Select Drawing Style. 

2. Select Well Column Width. 

3. Type the new nurnber. Take care not to select a too 
large width in whir.h c?.se you rnay overlap columns. 

4. SelectO K. 

NOTE. You may use "zero" column width Jor speciJll pur
poses. 

L.¡/0 
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STYLEMENU 

17.7.1. Draw Lithology 
P::.:urn 
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154 mm vertically in landscape orientation, and 180 mm 
horiwntally by 250 mm vertically in portrait orientation. 
If your drawing's dimensions, as displayed using this 
option, are less than the reporting form's drawing field, 
the cross section will be centered within the drawing 
field. If they are greater than the drawing field, a portien 
of the cross section will not be printed. What will be 
printed will start at the lower left comer of the reporting 

-form's drawing field. 

In this application you may control the dimensions of a 
drawing by selecting different horizontal scale ( of the XY 
plane) and by changing the angle of rotation. Changing 
the verticai·scaie you will not control the vertical (Y) size 
of the drawing, or at 
most you will indi
rectly change the 
size. The Drawing 
Dimension dia
logue box looks as 
shown in Figure 17-
37. 

. Figure 17-37 

When you check this box lithologic units/members will 
have litholog:-.: pattems (symbols) drawn. These are the 
same symbols that you are using in Well Log application 
and Cross section application. 

NOTE. Yc•t a.~f? advised to remove the check from this box 
when you are stiZ: ::Jorking on a drawing. It takes time to draw 
Iithologic patter:': :md symbols. Only when you are satisfied 
with the drawing, its legen~::. and other text you·may add li-" 
thologic symbols. But add Izthoiogy beforeyou go to Make 
Drawing menu. There you may also add Iithology but it wi/l 
not be printed unless you clase the Make Drawing menu and 
open it agazn. 

41! 
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such as Atteberg limits, water content, friction angle, co
hesion, etc. can be kept in a separa te part of the data base 
under the title Geotechnical. Surface water data for a 
project si te ora larger area can be kept in a Surface-Water 
application. 

The User Data application uses all routines and utilities 
which are common to other components of the GWW 
system. You may make a random model for user-data
specific entries, use this model to create location or con
tour map for your data, print reports with data in tables 
or in any other format designed by you. · 

-However, before you start input of'new data you must- · 
prepare the data base for a new application. The first step 
is to go to File Struc- · 
ture Editor and crea te a 
new data structure for 
an application. 

l. Select Tools under 
the Main menu. 

2. Select File Structure 
EditoL 

3. Click on File. Notice 
on the menu which 
is as shown in Fig
ure 18-2 two addi
tional entries: 
New User·File 
and Old üserrile. 

4. Select New User 
File. GWW opens 
a dialogue box as 
shown in Figure 
18-3 prompting 

!jew User Ale 
Old .User Ale 

Alt-F4 

Crcate Strudure frorn S TI) ASCII 
Wrtte Structure t0 ST() ASCII 

Figun 18-2 

Enter newflle name 

1 Precipitatio~ 

Figun18-3 
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18.1. 
INTRODUCTION 

18.1.1. General Ground Water far Windows (GWW) allows you to crea te 
your own applications in which you will store, process 
and manage data other than chemical, lithologic, water 
level, hydrogeologic, pumpint; test, or grain size. Notice 
on the Main menu of GWW under the Applications sub
menu the last entry, User Data, Figure 18-1. 

themlstJy 
fumping Tests 
tlydrogn~phs 

Mapping 
Well Log 
Cross ~ection 
Fence Oiagn~ms 
Step Drawdown Test 
§n~ln Slze Curve 

Miscellzneous 
Dal>l 

Figure 18-1 

Creating one or more of your own applications, ynu may 
keep data that belong to a specific category ur.der its 
own header. For example, climatological data such as 
rainfall, evaporation, air temperatures, etc. for a project 
ora country can be kept within an application titled Cli
matology. Geotechnical data on samples from drilling, 

í 
\ 
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l. Select Tools frem the Main: menu. 

2. Select Data Entry Forms Editor. Netice the last rew, 
U ser Data, Figure 18-6. 

Beport Forms Editor 

.l.!nits 

~emistry 

Eumping Tests 
Hydrographs 
.Well Log 
~ep DrawdownTest 
:Yrain Size Curve 
User Data 

Figure 18-6 

3. Click en User Data. GWW will epen a dialogue bex 
prompting yeu te select ene ef user-defined applica
tiens. GWW knews which applicatiens you ha ve cre
ated by making new file structures. In this case enly 
ene applicatien will be listed with the name Predpi
tatien as shewn in Figure 18-7. 

Enter u ser file name 

1 Precipitaüen lüiLa~:.OJ:ill 
Figure 18-7 

4. Select Predpitatien frem the list of user-defined appli
catiens. 
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you for the name of your to-be-created application. 
In the case used for this example the name will be 
Predpitation, actually an application for storing and 
processing rainfall and evaporation data. lmmedi
ately after you type a name for a new application and 
c:lick on OK, GWW will display the data structure 
with only one data item, Well Ident, as shovm in Fig
ure 18-4. 

Data ltems 

Figure 18-4 

5. Select New and start creating a new data structure. 
When you are finished, the dialogue box may finally 
look as 
shown in 
Figure 18-5. 

6. Click on OK 
and exit the 
File Struc
ture Editor. 

The next step is 
to create a new 
entry form. This 
step can be 
omitted if you 
are satisfied 
with what 
GWW will offer 
by default. If 
you wish to ere
ate a new entry 
form do the fol
lowing. 

Well Iden 
Rainfall -
Evapora e ion 
SerJ.al 
Tl.po 
Comentario 
Rainfall record 
Evaporacion record 

22 
10 
10 
10 
10 
40 
20 
20 

Da1 
We 
Nu 
Nu 
Ch 
Ch 
Ch 
Ch 
Ch 

Figure 18-5 

/ 
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CONTENT 
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Beport Fonns Editor 
Chemistry 
Eumping Tests 
l:fydrographs 
Well Log 
~ep DrawdownTest 
Grain Size Curve 
Map 
Cross Section 
Nonstandard 

Figure 18-9 

3. From the list of applications select the one that you 
wish to create a reporting form for. In this example 
this will be the application tltled Predpitation. 

4. Crea te a report formas explained in Chapter 3. 

5. Save this form using the option Save As .. on the File 
M en u. 

Now GWW is prepared for this new application 

Since you may create more than one user-defined appli
cation, after you select User Data on the Main menu 
GWW will display a dialogue box, as shO\vn in Figure 
18-10, with the list of all newly created applications. 
When you click on Predpitation and confirm the selec
tion by clicking on OK, the display is as shown in Figure 
18-11. The User's a¡:iplicationmainmenuis comprised of 
the following major options: 

i.t/6 
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. 5. Now you may create a new entry form using any of 
data fields displayed in the left-side window. The 
single fields are shown in Figure 18-8. The creation of 
entry forms is explained in details in Chapter 3. 

Single Fields 

Wellldent '1" 
~ 

Rainfall ~J Evaporation :. ''_,, ·-· 
~v;,,-; 

Serial ~·~" 

i~~~i Tipo 
,.·' ' Comentario ··,..;: 

Rainfall record ?• 
' 

Evaporation recor~ } 
Description ' li;¡ District 
Locality 

::.:-'' 
Owner .. 
X ¡;:, 
y l;t' z [:;_ 
ZM ·+ 

Figure 18-8 

6. After you crea te an entry form save it using the option 
Save As .. under the File menu. 

The final step in preparing GWW for this new applica
tion is to crea te one or móre reporting forms. 

l. Select Tools again on the Main rrienu. 

2. Select Reporf Forms Editor and notice the last row, 
User Data which expands to Single Record Report 
and Table Report, Figure 18-9. 
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18.3.1. Data The following options are available on the Data sub
menu: 

Select Working Set. This is explained in Chapter S, sec
tion S.3. 

Delete record. This is used to delete an entire record 
from the data base. However, deleting a well from the _ 
UserData application will not delete this well from the 
data base, if the same well is used in sorne other applica
tion. If yo u wish to delete a well complete! y the best way 
is to delete it from all applications other than the Master 
Data. When it disappears from all applications, only 
then you should delete it from the Master Data. 

Select Entry Form. Yoii may have more than one Entry 
Form in your data base for this particular application. 
When you activate this option a dialogue box with all 
_available entry form námes will be displayed for you to
choose from. 

Standard ASOI Input and Standard ASCII Output are 
explained in Chapter S, section S.S. 

Printer Setup. This is explained in Chapter S, section S.4. 
It is a standard Wmdows routine which displays the dia
logue box of the printer driver that you ha ve selecteq to 
be the default printer in Control Panel of the Windows 
MainMenu. 

Exil Selecting this option or pressing ALT +F4 will termi
nate the work in this application and retum you to the 
GWW main menu. 

18.3.2. Units · · You may view or modify currently selected units. The 
dial0gue box as displayed in Figure 18-12 .will be 
opened. ~r 

18.3.3. Report The following options are available on the Report sub
menu: 
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Enter user file name 

1 
b..eclpltation 1 
~p----------------~· 
Precí lítatíon k:L;o.c?J 

Figure 18-10 

Data Units Report Make Random Load Map Help 

B18 1 
Bancos de San 

. . 
User Files. Precipitation 

Biologica Los U~;¡;~~~~~~~~~~~~~~~=~~~ 
Corozo Pando 11 .. •• """' """'"" • 

.¡ • ·~ ' 

El Manguito 
El Rastro 
La Candelaria 
La Mision 
Los Naranjos 

la c..ndelari4 1144.00 ..... Tl>o 

3438 PR 

Eliainada Enero 1991 
Ev~ootr 1 III!!COid 

1982-1991 1982-1991 

Figure 18-11 

• Data 

• Units 

• Report 

• Make Random 

• LoadMap 

• Helo. 

The En;: iorm is the GWW's default form. 

2764 DO 

. ,,'.' 

t¡j<t 
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18.3.5. Load Map This. option, which is cliscussed 
in Chapter 5, section 5.3.2, is also 
one of the important features of 
the GWW system. It pemúts yo u 
to reduce a large set of data 
(wells, samples, stations) to a 
smaller set directly from the 
map. 

18.3.6. Help This is a context-sensitive help 
which contains most of the ex
planations, procedures and rou-
tines that are applicable to the user data application. 

18.4. USING STO RED 
DATA TO CREATE 
THEMATIC MAPS 

After rainfall data, e.g., are entered and a random model 
created using the data entry Rainfall, you may use the 
Mapping application to create two maps: (1) Location 
map showing locations of meteorological stations and 
their names (see Figure 18-14), and (2) Contour map of 
average annual rainfall expressed in mm/ year (see Fig
ure 18-15). 

18-1 o 

'fiD 

18-1: 
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Rnmfnll mm 
Evaporation (mm) 

[m) 
Y(mJ 
Z [m) 
ZM[m] 

• Print Report 

o Select Table Form 

o -Select Record Form 

m 
cm 

in eh 
fe el 
In el! 

Seled 

~igure 18-12 

The differences between these options are explained in 
Chapter 6, section 6.4.3. 

18.3.4. Make Random 1his option is discussed in Chapter 5, section 5.6. Itis one 
of the most important options provided in the user-de
fined applications. Using this option you will create an 
interna! file which contains random points and their X 
and Y coordinates, well identification and a space-de
pendent numerical parameter. This parameter may be 
average annual rainfall for a climatological station, a ver-

18-9 

. age annual evaporation, or anything else, depending on 
whlch data you are storing in thls application. 

When pu s.~lect Make Randc :. option GWW displays a 
dialogue box, as shown in Figure 18-13, with the list of 
al! space-dependen· :·arameters for thls and Master Data 
applications. Entry Rainfall is selected to create addi
tional figures included in thls chapter. 

4Z/ 
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Figure 18-15 

' · •. 
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Figure 18-14 
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Hdp 

1117 
ms 
118 
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ll!apping 
Well Lag 
Crass lediaa 
fencc Diagrama 
Step Drawdown Test 
{iraln Slze Curve 

Wiscellaneous 
J,lser Date 
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• Data 

• Tables 

• LogDesign 

• Display 

• Reports 

• Options 
• Map 

• Make Random 

• Help 

CONCENTRATION-DEPTH SERIES 

Figure 19-1 

-
y Jz 

21.79 1"' 29.!1t 

Figure 19-2 

Prior to using this application you must modify the file 
structure for "concentration - depth series" to make it 

'lo;.; 
',/'" 1 
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SERIES 

19.1 

INTRODUCTION 

19.1.1. General 

Using this application you may crea te a data base with 
various chemical constituents related, to the depth of 
sampling. This is especially important in cases when the 
sampling is repeated over the drilled hole depth, and 
samples are taken from soil and water as the drilling pro
gresses. Uk.ewise, in saline water environments such as 
in coastal aquifers, the salinity stratification is often the 
case. 

The data base is in a form of individual tables, one for a 
well, plus some general information that may also be a 
part of the data base. The display is user-designable. You 
decide whether you wish to display one or more con
stituents on the same diagram, whether you wish to use 
bar or Iine graphs, and whether the scale will be linear or 
logarithmic. You may display one or more constituents 
as linear graphs, and another as logarithmic. That is, 
each constituent may be assigned its own attributes for 
presenta tion. 

As in other parts of GWW, you may crea te graphs and 
save thern for la ter printing. 

This application is a part of the Olemistry application.lt 
branches off from Olemistry as shown in Figure 19-1. To 
activa te it, you should select Applications, then 0\emis
try, and then Concentration-Depth. 

19.1.2. Applicatioo's As shown in Figure 19-2, the Concentration-Depth appli
Cooteot cation is comprised of the following major options: 

19·1 

/ 

l ,_ 
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currently used for general data (sampled well coordi
nates and elevations). You may select one of entry forms 
that you may have eventually created. You may also de
lete a record. You may read general data on sampled 
wells (coordinates, elevations, descriptions, names, etc.) 
from an ASCII file, or you may save such data to an AS
CII file. 1bis menu deals with wells and not with tables. 
Atable is the place in which you type chemical constitu
ents as a function of depth. 1bis latter is done using the 
menu Tables. 

The Tables menu is shown in Figure 19-4. Using this 
menu you either type your data, edit table, add or re-

Figure 19-4 

move some rows in the table, save data, exit (clase) table, 
and check or modify units used for depth. Just the same 
as in other applications, you may save your tables 
(depth-concentration data) and/or import them as AS
en files. 

The Log Design menu is shown in Figure 19-5. The com-

Figure 19-5 

~.' 
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compab.ble with the parameters that you wish to store, 
display, and retrieve as reports. 

··From the Main menu on GWW, you should select Tools, 
followed by Data Structure Design. Tiús activa tes the file 
structure editor. Select Files, followed by Old. Fron'l the 
list of intemal data structures select the one labeled 
Chem_Conc_Depth_Tab. In the default template, 
GWW.OOO, which comes on the distribution diskette, the 
only entry that is prepared is Depth. Using the editor ere
ate your Ówn list of chemical constituents that you wish 
to store in the data base. One of such lists is shown below. 

Depth 

o 
Na 

TDS 

10 Num(Dim) Fixed 2 m 

10 Nt~m(Und) Fixed 2 

10 Num(Und) Fixed 2 

· 10 Num(Und) Fixed 1 

Conductivity 10 Num(Und) Float 1 

As it is prepared, one may store, display and report data 
on chloride, sodium, total dissolved solids, and on con
ductivity of water. 

The Data m en u is shown in Figure 19-3. In this m en u yo u· 

Figure 19-3 

select your current working se (reduce a large set to a 
smaller, thematic set). You may check which units are 
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The Map menu is explained in Chapter 5, Section 5.3.2. 
·1t-is used to load a map and select sampled points di
rectly from the map. 

The Make Random menu is also explained in details in 
Chapter 5, Section5.6. It will be used for creating location 
or si te maps showing sampling points at which depth
variable chemical data are available. 

19.2. DATA MENU 

The routines on this menu are equivalent to similar rou
tines in other applications. For example, see Pumping 
Test, Hydrographs, Step-DrawdoW!l, or Grain-Size ap
plication. 

19.3. TABLES MENU 

19-6 

Using the commands on this menu you are creating your 
data base as it refers to concentration of selected con
stituents with depth. You may importan airead y created 
tableas an ASCll file, one·for a sample, or you may use 
the GWW editor. ·· 

19.3.1. Edit Table When you select the Edit Table command for a new sam
ple, the editor displays an empty table listing all con
stituents that you have listed in the Data Structure on the 
Tools menu. In the case of only four constituents selected 
(Na, O, TDS, and Conductivity), the table may look as 
sl.mvn in Figure 19-7. If you are going to editan existing 
table filled with data, the display may look as shown in 
Figure 19-8. 
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mands on this menu are used to customize the display 
and printout. The customization means, first, which con
stituents from a table you wish to display. For example, 
although you may have entered the values for Na, O, 
TDS, "nd conductivity, ··'Ju may decide to display 
and/ or report only total wssolved solids. Second, you 
may assign some attnbutes to the constituents to be dis
played: line and fill color, linear or logarithmic display, 
bar or line type of ¡: ·:¡_ph, minimum and maxi.mum con
centrations to display, etc. Y~·· may also selo :t the verti
cal scale for the graph, and c.. . :rol widths of individual . 
columris used to display constituents. Finally, you may 
control the fonts u.Sed to label the graph. On this menu 
you design a "display'' log, you edit it, save it, or select 
one of available designs. 

The command Display does not have any other sub
commands. It does what it says. It displays a graph Mith 
data from table connected to a currently highlighted 
sample, using the design for the graph as currently se
lected. 

The Reports menu is shown in Figure 19-6. Using the 
commands on this menu, you may print a graph, or save 
it for future printing, or mixing with other graphs . 

. - ... ,-_ : ·:.:: -
·- : ·-,"-._, • ·--· '- ¿o ' 

Figure 19-6 

The Options menu allows you to switch between parts'
per million (l'PM) and equiralents per million (EPM). Of 
course, this will apply only to charged ionic constituents 
for which conversion iactors are available in the auxil
iary file PPMTOEPM.TBL. 
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The other way is to use the mouse and click on Tables on 
the menu bar and click again on Exlt (Don't save). 

19.3.4. Standard The data tables can be cr~ated outside the GWW.package 
ASCII Input ~d using a text processor. The format is similar to the format 

Output in other applications. One such table is reproduced be: 
low. 

<Depth> <Cl> 

190.00 12200 

<Na> <TOS> <Conductivity> 

6300 22600 29800 

240.00 24300 12500 40000 

290.00 39300 20000 64500 

51200 

73500 

The first line is the header line which tells GWW what 
are the numbers that follow. As in any other part of 
GWW, you must be consistent in declaring the field 
names (Depth, O, etc.). These must be typed exactly the 
same as they are typed in Data Structure (in 
Chem_ Conc_Depth_ Tab ). 

NOTE. Tñe "depth" entry is protected. You cannot change the 
word or the way it is typed. GWW expects the word Depth 
which it uses internally. 

Using the command Standard ASCII Input you can im
port data tables created with a text processor ora spread
sheet program. (lf you use spreadsheets, you must print 
such tables to a file. Spreadsheet program creates nor
mally ASen files, which then can be directly imported 
intoGWW.) 

Using the command Standard ASCII Output you are 
saving the data tables in ASen format, such as the one 
shown above:·· 

1(30 
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Figure 19-7 

~ •• ' ' ·- ' • t • : ~· ~.: ' • ·~ ~.' • 

Qata Iablcs !,og Oesign Di]!Jllay . Bcports Qptions Load Map M 

Figure 19-8 

To edit data, yo u use standard G WW commands: TAB to 
move from one fieid to the next, Shift+ TAB to move 
backwards, CIRL+I ro inserta line, C1RL+D to delete .:e 

line. The program does not check the sequence of deptrt 
entries. You are expected to use the logical sequence, 
from shallow to deeper. 

19.3.2. Save Data When you finish typing the data you \\ill save them us
ing one of the two ways. The first is to press the Ctrl key 
and simultaneously press the S key. The other way is to 
use the mouse and click on Tobles on the menu bar and 
click again on Save Data. 

19.3.3. Exit witbout You may decide only to view the data without saving 
saving them. Again, you hi:ve two ways to do it. The first is to 

press the Ctrl key and simultanec•usly press the X key. 

19·7 
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Figure 19-9 

You are selecting or unselecting a constitu.ent by high
lighting it. If you highlight a constitu.ent on the left side, 
that is within "Fields" part of the box, such constitu.ent 
will be moved to the "Selected" side. If you highlight a 
constitu.ent on the "Selected" side and press the button 
Del, this constitu.ent will be deselected and will disap
pear from the list of selected constitu.ents. 

Below is explanation for each of options in this dialogue 
box. 

Del ... Removes a constitu.ent from the "Selected" field. 
Highlight the constitu.ent you do not wish to display and 
press Del. 

Heading Height ... Using this option you may change 
the height of the header row, with names of constitu.ents, 
and words Depth and Label. The values are in millime
ters. 

Column Axis Height ... Using this optic>n you select the 
size of the row in which individual concent.ration values 
are displayed. 

Heading Font ... You may select fonts (farnily and size) 
for the header row. 

Axis Font ... You may also control the font you are going 
to use for displaying individual values of constituents. 
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19.3.5. Depth Units The units for depth are normally specified in Data Struc
ture, in interna! file Chem_Conc_Depth_Tab. However, 
you may change the units from within the application, 
using the command Depth Units. 

19.4. LOG DESIGN 
MENU 

On this menu you ha ve five options: 

o New Log Design 

o Old Log Design 

o Edit Log Design 

o Save Log Design 

o Save Log DesignAs 

After you have created data table you will want to dis
play graphs showing how concentra !ion of one or more 
constituents changes with depth. Befare you can display 
a graph, you need to create, modify or.edit the design of_ 

. . . such presentation. In GWW terminology, we use Log De
sign, implying that this is a vertical presentation of 
chemistry ;vi th depth. 

· 19.4.1. New Log Design When you select New Log Design GWW opens a dia
logue box as shmvn in Figure 19-9. Sorne of components 
in this dialogue apply to the general layout of the dis
play, such as Heading height and colurnn axis height, 
fonts to be used on the graph, units for depth and levd, 
and scale of the graph. The right side of the dialogue lists 
aJl available constituents (taken from Data Structure 0r 

from the internal file Chem_Conc_Depth_Tab). You may 
select one or more constituents to display, and by click
ing on the button Attributes control how each constitu
ent will be presented: 

19-9 
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The entry "Column Heading" will offer the name of the 
constituent as found in the interna! file 
Chem_Conc_Depth_Tab. However, you may override 
this offer and type a different name (e.g. in another lan
guage). 

The options for column and graph width allow you to 
increase or reduce the size of vertical columns in which 
data (concentrations of a constituent) and graph (its 
graphical presentation) are displayed. While you may 
select the width for data, you are advised to keep the box 
Auto Size checked. GWW will then automatically select 
the size for the column in which the graph is displayed. 

The Graph Type option allows you to select either line 
or bar graph. The Axis Type option allows you to display_ 
data as linear or logarithmic series. The Extreme Values 
(minimum arid maximum) option lets you select the 
range of concentration you wish to display. 

For each constituent you may select color for !ines.and 
for fills. 

Since you may crea te one or more designs for displaying 
various constituents and save them by assigning names, 
you may also retrieve and use one of pre-created de
signs. When 
you select 
the option 
Old LogDe-
sign, the list 
of al! avail
able designs 
will be 
listed, as 
shown in 
Figure 19-11. 

Cond_CI_Na_TDS 
Conducüvity 

Figure 19-11 

¡._;.;¡ 
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Depth/Level Unit ... Although the urút is preselected by 
yo u in Data Structure (the urút for depth), you may over
ride your selection using this option. 

Scale ... Depending on the depth you are going to pre
sent and the paper you will use to print the graph, you 
may change the scale. 

Column Width ... The width you type here refers to the 
width of vertical columns in which Depth and Level val
ues are displayed. The default is 15 mm. 

Plot ... The graph is designed to plot either Depth or 
Level axes on the left and the right. You may control 
whether you wish to plot one, both, or none (?) ordinate 
axes, and where you will place the depth or level axis, to 
the left or to the right si de of the graph. 

19.4.2. Attributes When you selecta constituent or a chemical diagram pa
rameter, you may control the way in which this particu
lar constituent or parameter will be displayed. You will 
use the button Attributes. The dialogue box as shown in 
Figure 19-10 will be opened. 

~ Ctttmtstry- ConaentnltlonJDeptlt !c:\bobraln\bahntn.pwJ ¡:;¡ Cj 
Qate loblcs j..Dg Ou~n D•vl~ Bepotts .Qpbcms L..o.d .Map Mote .Bendom 

Figure 19-10 
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Figure 19-13 
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19.4.4. Save Log 
Design and Save Log 

DesignAs 
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When you finish editing an existing log design, you may 
save it under the name it was opened. GWW will not 
prompt you for a name. It will assume you want to use 

·-the old name. · 

Yo u may save a design under a different name. For this 
you will use the option Save Log Design As. 
' 

19.4.5. Edit Log Design The same dialogue box as the one shown in Figure 19-9 
will be displayed and you may proceed with its editing 
in th(;! same way in which you ha ve created a new design. 

19.5. DISPLAY 

19.6. REPORTS 

19· 13 

Figure 19-12 displays a graph with conductivity as the 
only parameter selected. Figure 19-13 displays a graph 
with four different constituents and/ or parameters. 

You may print a depth-concentration graph using the 
option Report from the application's menu bar. As 
shown in Figure 19-14 you will have to select betwéen 
two reporting options: 

• Print Graph 

• Print Table 

The option Print Graph. will print the graph of the sam
ple currently selected. The option Print Table will print 
information, in a tabular form, for all wells/samples that 
comprise the current working set. The information 
which will be printed will depend on what you ha ve de
dared in the report form. When you select to print using 
one of options in the upper two lines of the menu, the 
program will prompt you to selecta reporting form. 

( 

'(H 
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The Load Map option is a general option for selecting 
wells to make a Working Set of wells. 

19.8.1. Select Working The sequence is normally: 

19-16 

SetfromMap 

19.9. To Setup a 
Printer 

l. Click on Data to open the menu. 

2. Click on Select Working Set and U10select all wells . 
. This is important because any selection adds new 
wells to the existing working set. 

3. Click on Map to open the menu. Wait for the dialogue 
box to list available maps. 

4. Select one of maps listed. 

5. Select wells to make a working set using either Rectan
gle, Points, or Area. In the case of Points, use other 
buttons on the right side to complete the selection 
(End Points). In the case of an Area, after you circle 
an area (remember, in clockwise direction you are se
lecting wi thin the area; in the counterclockwise direc
tion outside the area!) you should close the area (End 
EIDill:) followed by End Digitizing button. The wells · 
(samples) will be listed in the left-side identification 
window. 

Selection qf printers and attributes related to printing is 
. normally a Windows operation. You may set up your 

printer parameters from Windows, prior to running the 
GWW program. To do this: 

l. From Main Group select Control Panel. 

438 
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Figure 19-14 

You may also save a depth-concentration graph for plac
ing it on a nonstandard reporting form, eventually 
mixed with other graph.ics. For this, you use Save Draw
ing option, followed by Print Nonstandard Report from 
this or another application. 

Using this comrnand, you may switch between parts per 
million (PPM) and equivalents per million (EPM). This is 
important in two instances. The first is the way in which 
constituents will be displaye¿ If you select EPM, the val
ues displayed will be convE -:d to e:: .;ivalents per mil
lion, and vice versa. This option is also important to 
correctly import data tables as ASCII files. Der-.. _ :tding on 
whether the data are prepared as ppm or eprr.. . ·ou need, 
prior to importing ASCII files, select the compatible 
mode of input. So, if your data have oeen prepared as 
ppm, )'ot' may use the default which is ppm. However, 
if the data have been prepared as epm, you should fol-
low the se-:¡uence: ·-

l. Selecr Options and select Show EPM values. 

2. Select Table and select Standard ASCII Input. 
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In the following example you will crea te data structure, , 
use the default entry form supplieci by GWW, and enter · 
data with the following depth-dependent constituents: 
toluene, phenol, and benzene. 

The data to input are the following:, 

Depth Toluene 1 Phenol 1 

Benzene ! 

5 1 o 1 o i o 
10 1 50 1 25 1 U5 
15 100 65 1 u o 
20 1000 75 1. 70 
25 1 155 25 i o 
30 ! o o 1 o 

Since the range of toluene is from O to 1000, you may 
select to display toluene in logarithmic scale, and the 
other two linear! y. 

l.To start with, from the GWW Main menu you will click 
on Tools, f9J,Iowed by Data Structure Design. 

1 ., • 

2.Wait until the new menu bar is displayed. Select File, 
t he n Old. Loc<>·te the interna! file titled 

Chem_Conc_Depth_Tab. 

3.Notice that there is only one entry, Depth. If you are 
working in feet system, you may want to replace the 
default unit for length, which is meter for foot. 
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2. Select Printers: 

3. SéTect one of installed printers as a default printer, or 
add sorne more printers to match your hardware. 

4. Select Setup and modify whatever you want to mod-
ify. 

5. Click on Setas default. 

6. O ose Printers and Control Panel. 

You may do about the same from inside the GWVV. From 
within the GWW you use Printer Setup to change the 
orientation of pril1tout, portrait (vertical) or landscape 
(horizontal), the printing medium, the quality of print, 
number of copies, colors for a color printer, and many 
more. You cannot change the default printer! 

The dialogue box for selecting printer parameters is 
shown in Figure 19-15 for Hewlett Packard La·serjet 
4/ 4M printer. 

• 

' .Memary fWB). ! 0TfJ1eType Saeca Fonts lnstalled 

Figure 19-15 

• 
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entry, and second time to highlight this well and · 
make it active. Altematively select this well using the 
mouse. 

ll.Select Tables and click on Edit table. The display will 
be as shown in Figure 19-17. There will be four col
urnns (Depth, Toluene, Phenol, Benzene), each with 

Figure 19-17 

a 0.00 value. Fill in the values as prepared for this 
example. The table willlook as shown in Figure 19-
18. 

12.When you finish 
tVTlPrl !OW, that is riPl"lth 

leave the cursor in. the last 
in the fourth column, and 

Figure 19-18 

press the combination Ctrl S. (Altematively, you may 
click on Tables, and then on Save.) 

13.Now you will crea te your own log rlesign. Select Log 
•. .. - · · Design on the menu bar. Select New Log Design. The 

screen will display the three constituents as "selected 
fields", as shown in Figure 19-19. 

14.Change the scale from the default 1000 to 500. Click 
onOK. 

15.Now you may see immediately the graph. Click on 
Display. The default parameters are used to display 
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4.Select New. Type Toluene. Use TAB to move to next 
field. Accept the default width of the field as 10 char
acters. Move down the dialogue box and check Nu
meric (do not check on Numeric dimensioned since 
the concentration of a chernical is a nondimensioned 
number!). Click on OK. In the next·dialogue box se
lect OK accepting all defaults (2 decimal digits, fixed 
point arithmetics). Notice that Toluene is displayed 
in the list of constituents. 

S.Repeat the same for Phenol. 

6.Repeat the same for Benzene. The list should now con
tain 4 parameters as shown in Figure 19-16. 

Depth 
T'oluene 
Phoenol 

Data ltems 
10 Num(Diml F~xed 2 ~ 
iO Num(Und) F1xed 2 
10 Num(Undl Fixed 2 

Figure 19-16 

7.Close the dialogue box by selecting OK, select File and 
Exit. The new data structure for depth-concentration 
is created. 

S.Click on Applications on the GWW Main menn. tl>en 
on Chemistry, and then on Concentration- Depili. 

9.GWW will display an entry form which will ha ve on!y 
one field, Well Identification. The cursor will be in 

this field. 

10.Type the well number, say MW-1. Now finish the in
put by pressing Page Down key once to complete the 
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16.Modify the graph design. Select Log Design, then 
Edit Log Design. Click on Toluene on the right side 
of the dialogtie box. The constituent Toluene will be 
highlighted. Now click on the button Attributes. In 
the new dialogue box check the field Logarithmic, 
and in the boxes Mínimum and Maximum type 0.1 
and 1000, respectively. Click also on Fill color and se
lect a color. Click on OK to close the Attributes dia
logue. Now replace the word Toluene in Column 
Heading box with TOLUENE ppb. Click also on 
Heading Font, and select for font Aria! 12 points, 
bold. Click on OK to close the font dialogue box, and 
then OK to.close the log design editing box. 

17.Select Display again. The screen looks as shown in 
Figure 19-21. Save this log design. Oose the display. 

Figure 19-21 

Select Log design, followed by Save Log Design. 
Type a narne for this design. 

18.The task now is to have onlyJoluene displayed 
and/or printed. Select Log Design, then Edit Log 
Design. Highlight phenol and click on Del. Repeat 
the sarne with benzene. Only toluene remains in the 

4'1'1 
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Hr:eding Helght (mm] rt=J 
Column Axis HeJght(mm] (!CJ 

Seale Columns 

rl..dl ----,rRJgbt ----, 

1 

~ Plot ® Ocpth [SI Plot 

o levo! 

O Depth 

®Lev.l 

Column Width (mm) ~ 

Fields 

Tolucae 
Pheool 
Benzene 

Figure 19-19 

Selec:tcd 

Tohtcnc 
Phcnol 
Bcnzeac 

this graph. The display is as shown in Figure 19-20. 
Click on the button Close to remove this graph. 

. Figure 19-20 

-.., 
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This page intrntionally left blank. 
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"selected" list. Highlight Toluene and click on Attrib
utes. Notice that the width of the graph field is still 
25 mm. Click on OK and then repeat highlighting 
Toluene and selecting Attributes. Notice now that the 
width of graph is 105 mm. This is automatically cal
culated, since there will be only one graphic field. 
Click on OK and select Display. The display is as 
shown in Figure 19-22. 

Figure 19-22 

-· ... , 

19.Close the display, exit the application, and exit GWW. 

This ends this example. 

4fl-
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furnpi11g Tests 
Hydrographs Concentration -
t.lapping 
Well Log 
Cross .S.ection 
fence Diagrams 
Step Drawdown Test 
§rain Size Curve 

t.liscellaneous 
!!ser Data 

Figure 20-1 

As shown in Figure 20-2; the Concentration-Tune appli
cation is comprised of the following major options: 

fnterpalation Help 

0/0 ~ ; ; \ .' . . 
. Chem Conc Time '· ., : , 

. . ~ t'~· < : ,, 

' Figure 20-2 

• Data 

• Tables 

• Log Design 

• Display 

• Reports 

• Options 

20-2 
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SERIES 

20.1 INTRODUCTION 

20.1.1. General 

20·1 

Using this application you may create a data base with 
various chenúcal constituents related to the time of sam
pling. This is especially important in cases when the 
sampling is repeated over a period of time, which is 
often the case in monitoring the propagation of contami
nation, or deterioration of ground water quality with 
time. Likewise in saline water environril.ents such as in 
coastal aquifers, the sea water intrusion' may take place 
after a prolonged pumping. 

The data base is in a form of individual tables, one for a 
well, plus some general information that may also be a 
part of the data base. The display is user-designable. You 
decide whether you wish to display one or more con
stituents on the same diagram, and whether the scale 
will be linear of logarithmic. You may display one or 
more constituents as linear graphs, and another as loga
rithmic. That is, each constituent may be assigned its 
own attributes for presentation. - · 

As in other parts of GWW, you may crea te graphs and 
save them for la ter printing. 

This applic'ltion is a part of the Chernistry application. 
Actually it branches off from Chernistry as shown in Fig
ure 20-1. To activate it, you should select Applications, 
then Chem'-.stry, and then Concentration-Trme. ·· 



20-4 

CHAPTER20 CONCENTRATÍON-TIME SERIES 

check which units are currently used for general data 
(sampled well coord.inates and elevations). You may se
lect one of entry forms that you may ha ve eventually cre
ated. You may also delete a record. You may read· general 
data on sampled wells (coordina tes, elevations, descrip
tions, names, etc.) from an ASCll file, or you may save 
such data toan ASCll file. 1his menu deals \vith wells 
and not with tables. Atable is the place in which yo u type 
chemical constituents as a function of time. This latter is 
done using the menu Tables. On this submenu you will 
select the Time Interval in which you wish to display the 
data. That is to say, you may crea te a data base spanning 
a very large time period. However, when you wish to 
display or print the data, you may select a smaller time 
interval to emphasize the time-dependent values. 

The Tables menu is shown in Figure 20-4. Using this 
menu you either type your data, edit table, add or re-

Figzn-e 20-4 

move sorne rows in the table, save data, and exit (close) 
table. Just the same as in other applications, you may 
save your tables (time-concentration data) and/or im
port them as ASE:II.files: 

"!. <: -;-
NOTE. One table is saved in one ASCII file. 

The Log Design menu is shovm in Figure 20-5. The com
mands on this menu are used to customize the display 
and printout. The customization means, first, which con
stituents from a table you wish to display. For example, 

l.( SO 

;• 

' 
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• LoadMap 

• Make Random 

• Interpolation 

• Help 

Prior to using this application you must modify the file 
structure for "concentration- time series" to make it com
patible with the parameters that you wish to store, dis
play, and retrieve as reports. 

From the Mam menu on GWW, you should select Tools, 
followed by Data Structure Design. This activates the 
file structure editor. Select Files, followed by O Id. From 
the list of interna! data structures select the one labeled 
as Chem_Conc_Time_Tab. In the default template, 
GWW.OOO, which comes on the distribution diskette, the 
only entry that is prepared is Date. Using the editor ere
ate your own list of chemical constituents that you iish 
tq store in the data base. One of such lists is shown below. 

Date 10 Date mm/dd/yy 

o 10 Num(Und) Fixed 2 

Na 10 Num(Und) Fixed 2 

TDS 10 Num(Und) Fixed 1 

Conductivity 10 Num(Und) Float 1 

As it is prepared, one may store, display arid report data 
en chloride, sodium, total dissolved solids, and on con
ducti.vity of water. 

T h e Data m en u i s 
shown in Figure 20-3. 
In this menu you se
lect your cur-ren't 
working set (reduce a 
large set to a smaller, 
thematic set). You may Figure 20-3 

,. 
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lAQRA 

Figure20-6 

for which conversion factors are available in the auxil
iary file PPMTOEPM.TBL. 

The Map menu is explained in Chapter 5, Section 5.3.2. 
It is used to load a map and select sampled points di
rectly from the map. 

The Make Random menu is also explained in details in 
Chapter 5, Section 5.6. Itwill be used for creating location 
or site maps showing sampling points at which time
variable chemical data are available. 

The routines on this menu are equivalent to similar rou
tines in other applications. See, for example, Hy
drographs application, especial!y for selecting the 

. Working Time Interval. 

NOTE. Remember that the currently selected Working Time 
Interval is displayed in the title bar next to the n,'me of the data 
base file. 
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Figure20-5 

although you may have entered the values for Na, Cl, 
TDS, and conductivity, you may decide to display 
and/ or report only total dissolved solids. Second, you 
may assign someattributes to the constituents to b:e dis
played: line and fill color, linear or logarithmic display, 
mínimum and maximum concentrations to display, etc. 
You may also control widths of individual columns used 
to display constituents. 

NOTE. The control of fonts used to /abe/ a graph is accom
plished from Customization, which is o_ne of commands on the 
Main menu of GWW. 

On this current menu you design a "display" log, you 
edit it, save it, or select one of available designs. 

The command Display does not have any other sub
commands. It does what Ít says. It displays a graph with 
data frorn table connected toa currently highlighted. 
sample, using the design for the graph as currently se
lected. 

The Reports menu is shown in Figure 20-6. Using the 
commands on this menu, you rnay print a graph, or s?ve 
it for future printing, or mixing with other graphs. 

The Options menu allows you to switch between parts 
per rnillion (PPM) and equivalents per million (EPM). Of 
course, this vál.l apply only to charged ionic constituents 
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20.3.2. Save Data When you finish typing the data you will save them us
ing one of tvvo ways. The first is to press the Ctrl key and 
simultaneously press the S key. The other way is to use 
the mouse and click on Tables on the menu bar and click 
again on Save Data. 

20.3.3. Exit without 
saving 

You may have decided only to view the data without
saving them. When you are done with viewing the data, 
you may exit in one of the tvvo ways. The first is to press 
the Ctrl key and simultaneously press the X key. The 
other way is to use the mouse and click on Tables on the 
menu bar and click again on Exit (Don't save). 

20-8 

20.3.4. Standard 
ASCII Inr.ut and 

Output 

The data tables can be created outside the GWW package 
using a text processor. The format is similar to theformat 
in other applications. One such table is reproduced be
low. 

<yyyy/mm/dd> <Cl> <Na> <Conductivity> 

1983/04/25 500.0 200.0 2200.0 2650.0 

1983/06/22 750.0 340.0 3300.0 4010.0 

1983/08/04 468.0 188.0 2100.0 2550.0 

The first Iine is the header !ine which tells GWW what 
are the numbers that follow. As in any other part of 
GWW, you must be consistent in declaring the field 
names (time, Cl, etc.). These must be typed exactly the 
same as they are typed in Data Structure (in 
Chem_Conc_Trme_Tab). The first entry is the date and 
time. You supply the format of data input 
(yyyy 1 mm! dd), which you must follow in the data be
low the header line. You may reverse the order of "date" 
inputto one of date formats that are acceptable in GWW. 



CHAPTER20 CONCENTRATION-TIME SERIES 

20.3. T ABLES MENU 

20·7 

Using the commands on this menu you are creating your 
data base as it refers to concentration of selected con
stituents with time. You may import an already created 
table as an ASCTI file, one for a sample, ·or you may use 
the GWW editor. 

20.3.1. Edit Table When you selectthe EditTable command for a new sam
ple, the editor displays an empty table listing all con
stituents that you have listed in the Data Structure on the 
Tools menu. In the case when only three constituents are 
selected (say, EC, N03, and N02), the table may look as 
shown in Figure 20-7. If you are going to editan existing 
table filled with data, the display may look as shovvn in 
Figure 20-8. · 

Figure 20-7 

Figure 20-8 

To edit data, you use standard GWW commands: TAB to 
move from one field to next, Shift+ TAB to move back
wards, CTRL+I to inserta line, CTRL+D to delete a line. 
The program checks the sequence of time entries. You are 
expected to use the logical sequence, from early time to 
la ter. 

!~ 

I/ SS 
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dialogue lists all available constituents (taken from Data 
Structure or from the interna! file 
Chem_Conc_Trmé_Tab). You may select one or more 
constituents to display, and by clicking on the button At
tributes control how each constituent will be presented. 

Fields Scleded 

~EC~====~~EC~-----, 
~~03 NOJ 
NOZ NOZ 

Figure20-9 

You are selecting or unselecting a constituent by high
lighting it. If yoti highlight a constituent on the left side, 
that is within "Fields" part of the box, such constituent 
will be moved to the "Selected" side. If you highlight a 
constituent on the "Selected" side and press the button 
DeL this constituent will be deselected and will.disap
pear from the list of selected constituents. 

20.4.2. Attributes When you selecta constituent ora chemical diagram pa
rameter, you may control the way in which this particu
lar constituent or parameter will be displayed. You will 
use the button Attributes. The dialogue box as shown in 
Figure 20-10 will be opened. 

The entry "Column Heading" will offer the name of the 
constitue.nt as found in the interna! file 
Chem_Conc_Trme_Tab. However, you may override this 



CHAPTER20 CONCENTRATION-TIME SERIES 

The date/time format can be any ofthe following: 
yy/mm/dd, yyyy/mm/dd, -mm-yy, .mm.yy, etc. It is 
important that the data that follow the header line must 
be typed according to the format declared in the header. 

Using the command Standard ASCIT Input you can im
port data tables created with a text processor ora spread
sheet program. (If you use spreadsheets, you must print 
such tables toa file. Any spreadsheet program, when in
structed, crea tes normally ASCll files, which then can be 
directly imported into GWW.) 

Using the command Standard ASCII Output you are 
saving the data tables in ASCII format, such as the one 
shown above. 

20.4. LOG DESIGN On this menu you ha ve five options: 
MENU 

• New Log Design 

• Old Log Design 

• Edit Log Design 

• Save Log Design 

• Save Log DesignAs 

After you have created data table you wil1 want to dis
play graphs showing how concentration of one or more 
constituerits changes with time. Befare you can display a 
graph, you need to create, modify or edit the design of 
such presentation. The "Log Design" is used in other 
parts of GWW implying a vertical presentation of data. 
Here, it implies a "diagram" design of chemical data 
presentation v.'ith time. 

20.4.1. New Log Design 'vVhen you select New Log Design GWW opens a dia
logue box as shown in Figure 20-9. The right side of the 

20-9 

1 ,, 
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Design and Save Log 

DesignAs 

CHAPTER20 CONCENTRATION-TIME SERIES 

Iist of all available designs will be listed, as shown in Fig
ure 20-11. 

EC-NO:H<02 
TD8-Ne-CI-8cnzcne 

Figure 20-11 

When you finish editing an existing log design, you may 
save it under the name it was opened. GWW will not 
prompt you for a name. It will assume you want to use 
the old name. 

You may save a design under a d.ifferent name. For this 
you will use the option Save Log Design As. 

20.4.5. Edit Log Design The same dialogue box as the shown in Figure 20-9 will 
be displayed and you may proceed with its editing in the 
same way in which you ha ve created a new design. 

20.5. DISPLAY 

20-12 

Figure 20-12 displays a graph with conductivity as the 
only parameter selected. Figure 20-13 displays a graph. 
with three d.ifferent constituents and/ or parameters. 
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offer and type a different name (e.g. in another lan
guage). 

Column Attributes ~· 

Column Heading 

Column Width (mm¡----------, 

Date GI::J Graph E] 181 Auto Size 

Graph Type 

®Une O Bar 

rE.xtreme Values 

L Mínimum L:!o:.._ _ _¡ 

~Axis Type 
~ Unear O log 

1.1aximuml L.: o:..__...J 

Figure 20-10 

The options for column and graph width allow you to 
increase or reduce the size of vertical columns in which 
data (concentrations of a constituent) and graph (its 
graphical presentation) are displayed. While you may 
select the width for data, you are advised to keep the box 
Auto Size checked. GWW will then automatically select 
the size for the column in which the graph is displayed. 

The Axis Type option allows you to display data as lin
ear or logarithmic series. The Extreme Val u es (minimum 
and maximum) option lets you select the range of con
centration you wish to display. 

For each constituent you may select color for lines and 
for fills. 

20.4.3. Old Log Design Since you may crea te one or more designs for displaying 
various constituents and save them by assigning names, 
you may also retrieve and use one of pre-created de
signs. \Vhen you select the option Old Log Design, the 

20-11 
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NOTE. When you select the option Interpolation/Set Connec
tion Span and type a relatively small number of days, the sam
ples that are taken beyond the span selected (that is, at greater 
intervals than specified) will be shown as vertical bars. 

You may print a time-concentra !ion graph using the op
tion Report from the application's menu bar. As shown 
in Figure 20-14 you will have to-select between two re
porting options: 

Figure 20-14 

• Print Working Set 

• Print Record Data · 

The option Print Drawing will print the graph of the 
sample curren ti y selected. The option Print Working Set 
will print info:rm¡¡tion, in a tabular form, foral! 
wells/samples that comprise the current working set. 
The information whkh will be printed will depend on 
what you have.declared in the report form. When you 
select to print using one of options in the upper two lines 
of the rnenu, the prograrn will prornpt you to select a 
reporting form. 

I(CO 
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Figure 20-12 

Figure 20-13 

20-13 
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20.8.1. Sel~t Working The sequence is normally: 

20-16 

SetfromMap 

20.9. To Setup a 
Printer 

l. Click on Data to open the menu. 

2. Click on Select Working Set and Unselect all wells. 
This is importan! because any selection adds new 
wells to the existing working set. 

3. Click on Load Map to open the menu. Wait for the 
dialogue box to list available maps. 

4. Select one of maps listed. 

5. Select wells to make a working set using either Rectan
gle, Points, or Area. In the case of Points, use other 
buttons on the right side to complete the selection 
(End Points). In the case of an Area, after vou circle 
an area (remember, m clockwise d.irection vou are se
lecting within the area; in the counterclockWise d.irec
tion outside the area!) you should close the area (Ellii 
:Eoint) followed by End Digj.tizing button. The wells 
(samples) will be listed in the left-side identification 
window. 

Selection of printers and attributes related to printing is 
normally a Windows operation. You ·may set up your 
printer parameters from Wmdows, prior to running the 
GWW program. To do this: 

l. From Main Group select Control Panel. 

2. Select Printers. 

3. Select one of installed printers as a default printer, or 
add sorne more printers to match your hardware. 

4. Select Setup and mod.ify whatever you want to mod
ifv. 

5. Click on Set as default. 

6. Close Printers and Control Panel. 
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20.8. LOAD MAP 
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You may also save a time-concentration graph for plac
ing it on a nonstandard reporting form, eventually 
mixed with other graphics. For this, ycu use Save Draw
ing option, followed by Print Nonstandard Report from 
this or another application. -

Using this command, you may switch between parts per 
million (PPM) and equivalents per million (EPM). This is 
important in two instances. The first is the way in which 
constituents will be displayed. If you select EPM, the val
ues displayed will be converted to equivalents per mil
lion, and vice versa. This option is also important to 
correctly import data tables as ASCll files. Depending on 
whether the data are prepared as ppm or epm, you need, 
prior to importing ASCll files, select the compatible 
mode of input. So, if your data have been prepared as 
ppm, you may use the default which is ppm. However, 
if the data have been prepared as ev~- you should fol
low the sequence: 

e l. Select Options and select Show EPM values. 

2. Select Table and select Standard ASCll Input. 

The Load Map option is a general option for select:i,¡g 
wells to make a Working Set of wells. 
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in Figure 20-16. Select Interpolate. The dialogue box as 
-sltown in Figure 20-17 opens prompting you for the year, 
month, and da y for wlúch you wish GWW to interpola te 

Hourc:J Mlnc:J 

Figure 20-16 Figure20-17 

the data. Next you will be prompted to select one of 
available constituents, as shown·in Figure 20-18, of 
wlúch you wish to ere- · ' 
ate a random file. (Re
member that you need 
to have X and Y coordi
na tes for all wells/sam-
ples in the data base. 
The random file con-
sists of the following lwa-1!1 
columns: X, Y, concen-
tration ata certain date, Figure 20-18 
well identification.) 

You may also select a "connection span", wlúch is the 
maximum number of days that you allow to elapse if the 
two successive values are to be connected. 
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You may do about the same from illside the GWW. From 
within the GWW you use Printer Setup to change the 
orientation of printout, portrait (vertical) or landscape 
(horizontal), the printing medium, the quality of print, 
number of copies, colors for a color printer, and many 
more. You cannot change the default printer! 

The dialogue box for selecting printer parameters is 
-shown in Figure 20-15 for Hewlett Packard Laserjet 
4/ 4M printer. 

Media-------------, 

Paper Si¡;e: 

Paper ,Source: c;!Auto=-:S:.:.el:.:.•"=-· -----""lfj 
.A4 ZlO x 297 mm ' 

~ ® Pll[trah 

O i.,.andscape 

i;oples: ~ 

Printer Resolution CarltidgesJSIWtr.ts 

o §00 dpi ® JDD dpl Z: Mlaosof11A III!A\<'.a HP: Bar Codes & More 

Prinb:r Wcmory HP: Fonns. E~ 
HP: Global Text IWP11 fage Pnrtedion: , ... 1!1 

htcmory ft.CB]: 12 m 1 O Tt)olcType Sacen Fonts lnstalled 

Figure 20-15 

Same as in the Hydrographs application, you may crea te 
a random data file to be used to crea te a grid file and a 
contour map, for any chemical constituent at any time 
within the current Working Trme Interval. You will select 
Interpolation on the menu bar. The display is as shown 

1,./óS 
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lect OK accepting all defaults (2 decimal digits, fixed 
point arithmetics). Notice that Na is displayed in the 
list of constituents. 

S.Repeat the same for Cl. 

6.Repeat the same for TOS and for Conductivity, but se
lect floating point for the data type, and decrease the 
number of decimal digits to l. The list should now _ 
contain 5 parameters as shown in Figure 20-19. 

!@t#il 

Figure 20-19 

7.Close the dialogue box by selecting O K, select File and 
Exit. The new data structure for the tirne-concentra
tion portion of the data base is created. 

8.Click on Applications on the GWW Main menu, then 
on Cheínistry, and then on Concentration -Time. 

9.GWW will display an entry form which will ha ve only 
one field, Well Identification. The cursor will be in 
this field. 

lO.Type the well number, say MW-1. Now finish the in
put by pressing Page Down key once to complete the 
entry, and second time to highlight this well and 

make it active. Alternatively select this well using the 
mouse. 

ll.Select Tables and click on Edit table. The display will 
be as shown in Figure 20-20. There will be five col-
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In the following example you will crea te data structure, 
use the default entry form supplied by GWW, and enter 
data with the following time-dependen! constituents: 
Na, Cl, TDS, and Conductiyity. 

TI1e data to input are the following (in the arder after the 
date: Na, Cl, TDS, and Conductivity). 

1984/05/01 100.0 250.0 2500.0 3000.0 

1984/06/01 150.0 300.0 3500.0 4000.0 

1984/07/01 250.0 400.0 5000.0 5368.0 

1984/08/01 200.0 340.0 4500.0 4988.0 

1984/10/01 250.0 410.0 5000.0 5800.0 

1984/10/15 200.0 386.0 4500.0 5300.0 

1.To start with, from the GWW Main menu you will click 
on Tools, followed by Data Structure Design. 

2.Wait until the new menu bar is displayed. Select File, 
t he n Old. Loca te the interna! file titled 
Che m_ Conc_ Trme_ Tab. 

3.Notice that there is only one entry, Date. 

4.Select New. Type Na. Use TAB to move to the next 
field. Accept the default vádth of the field as 10 char
acters. Move down the dialogue box and check Nu
meric (do not check on Numeric dimensioned since 
concentration of a chemical is a nondimensioned 
number!). Click on O K. In the next dialogue box se-
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. defaults, click on OK to close this dialogue box:· 

14.Now you may see immediately the graph. Click on 
Display. The default parameters are used to display 
this graph. The display is as shown in Figure 20-23. 
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, -• 
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/ . 

. - - ~ 
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.... ... 
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... 
V ~ ---f-""' \ ... 
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" " 1 "1" "" ""'"1 1 1 1 

r.IW-l 
.. ~ ,. ~ ,. ~ , ... ,. ~ - - ..... - - , ... 

Figure 20-23 

Click on the button Close to remove this graph. 

15.Modify the graph design. SelecT Log Design, then 
Edit Log Design. Click on TDS on the right side of 
the dialogue box. The constituent TDS will be high-
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Figure 20-20 

umns (Trme, Na, Cl, TDS, and Conductivity), each 
with an empty field. GWW automatically create an 
entry field for hour and ntinutes, which you may ig· 
nore. The noon time will be autornatically assumed. 
Fill in the values as prepared for this example. The 
table viilllook as shown in Figure 20-21. 

Figure 20·21 

12.\Vhe.r1 you finish typing, leave the cursor in the last 
typed row, and press the combination Ctrl S. (Alter· 
natively, you may click on Tables, and the.n on Save.) 
If your time e.ntries are not in sequence, GWW will 
beep on you, display a message Invalid Date/Trme 
order!; and v.ill place the 
cursor in the Iine that is 
out of the time sequence 

t 

. 

. 

13.Now you will crea te your 
own log design. Selec 
Log Design on the me.nu 
bar. Select N ew Log De 
sign. The scree.n will dis 

play four constituents as 
'"selected fields", as 
shown in Figure .20-22 
Since you v.ill accept the 

'· ....... ¡., <•·'t-'-~ ·, ·~ 

Aelds Selected 

Cl Cl 
No No 
TDS TDS 
Conductivtty ConductMty 

~~~!el 
!1 lt!i'l'f!lg 

Figure 20-22 



20-24 

E~l 
~1 

CHAPTER20 CONCENTRATION-TIME SERIES 

17.The task now is to have only TDS displayed and/or 
printed. Select Log Design, then Edit Log Design. 
Highlight Na and click on Del. Repeat the same with 
Cl and Conductivity. Only TDS remains in the "se
lected" list. Highlight TDS and click on Attributes. 
No ti ce that the width of the graph field is still25 mm. 
Oose this dialogue, close the log design editing dia
logue, and display the graph by selecting Display. 

Figure 20-25 

Notice that the TDS graph fills the whole screen. The 
display is shown in Figure 20-25. To check the width 
which is automatically selected because you left the 

41D 
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lighted. Now click on the button Attributes. In the 
new dialogue box in boxes for Minimum and Maxi
mum type 1000 and 5000, respectively. Click also on 
Fill color and select a color. Now replace the word 
TDS in Column Heading box with TDS in ppm. Click 
on OK to close the Attributes dialogue, and again on 
OK to close the Log Design dialogue. 

16.Select Display again. The screen looks as shown in 

"" , .. , .. ... 

Figure 20-74 

"igure 20-24. Save this log design. Close the display. 
Select Log Design, followed by Save Log DesignAs. 
Type a narne for this design. 

. 

4~1 
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This page intentianally left blank. 

20-26 
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Auto Size box checked, close this display, and select 
Edit Log Design again. Highlight IDS, select Attrib
utes, and notice the new size, something like 144 
mm. 

Figure 20-26 

Figure 20-26 shows the zoomed time axis. 1ñis is the 
lower part of the drawing. 

18.Exit the application, and exit GWW. 

1his ends this example. 
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(b) Help Files: 

• PUMP.ffi..P 

• XSECf.ffi..P 

• HYDRO.HLP 

• FORMED.HLP 

• GWW.ffi..P 

•GSC.HLP 
-

• SDDT.HLP 

• EDFC.HLP 

• a-IEM.HLP 

• CHEMT.HLP 

• CHEMW.HLP 

• UNIT.HLP 

• MAP.HLP 

• MASTER.HLP 

• urn.HLP 

• UFILE.HLP 

• XSMOD.HLP 

• MISC.HLP 

(e) Various Auxilliary Files: 

• PPMfOEPM.TBL 

• SCREEN.DLT 

• UIB.DLT 

• ANNULUS.DLT 

(d) GWW Data Base Templa te: 

• GWW.OOO 

LISTOFRLES-



APPENDIX A ... GWW FILES 

LISTOFFILES _ 
MAKING THE GWW 

FILESYSTEM 

The following files should be located in the \GWW 
directory after the instállation. 

(a) Executable Files (only GWW.EXE is directly 
executable; all other 'exe' files_ are called from 
GWW.EXE): 

• GWW.EXE 

• MASFILE.EXE 

• FORMED.EXE 

• EDFC.EXE 

• UNITS.EXE 
,. omM.EXE 

• rnEMT.EXE 

• omMW.EXE 

• HG.EXE 

• UTI-I.EXE 

• XSECT.EXE 

• MAP.EXE 

• PUMP.EXE 

• MISC.EXE 

• GSC.EXE 

• SDDT.EXE 

• UFILE.EXE 

• XSMD.EXE 
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Wellldent STIFF Diagram 

MW-6 

Milliequivalents per liter 
54321012345 

Cations 

Ca Mg Na K Fe 

Milliequivalents per liter 0.79?9 1.3301 0.6499 0.00997 

Milligrams per liter 16.03 16.17 14.94 0.39 

Anions 

HCOJ COJ 
1 

S04 Cl ! NOJ 

Milliequivalents per liter 1 2.61994 
1 

1 0.03997 0.08012 
1 

Milligrams per liter 
1 

159.85 ·T-. 1.92 2.84 
--

BOD 

1 

COD Diss. Oxygen 

1 

F B Si02 

TOS 1 
Hardness Alkaliníty 

1 

ConductiVIIV pH SAR 
213.00 250.00 6.90 0.6297 

1 WaterType Magnesium Bicarbonate 1 Cations (epm) Anions (epm) 
2.79 2.74 

Error Balance (~~ 
Aquifer 0.90 
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Wilcox Diagram 
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Wellldent 
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Depth 
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150 

-CONCENTRATION- DEPTH SERIES 
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Level 
[feet] 
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MW-6 

1.00 

Fit Method 

'·:. 

. ··' . 18 
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Results 
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MW-1 . Monitoring well in Corozo Pando 
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Ground Water for Windows (GWW) ... Example 

TASK 

l. Create a ground water data base with 6 wells. Each well has data on loeation, drilling 
(lithology and construction), chemistry (time series and depth-related); each well was 
pump tested; each well has one-year water leve! record. 

2. Create contour maps for the following parameters: 

Ground Surface Elevation 
Total Dissolved Solids in ppm (TDS) 
Contact boundary between Quatemary clay and sand (overburden) and underlying 
bedrock (limestone and dolomite). 
Piezometric surface on 12 June 1994. 
Transmissivity from pumping tests. 

3. Create lithostratigraphic cross section connecting wells MW-1 and MW-2, with/without 
well construction details and with TDS as a function of depth. 

4. lnterpret pumping tests using the Theis and Hantush methods. 

5. Create a fence diagram with all 6 wells. Connect various lithologic units and fill in with 
colored pattern. 

INPUT DATA 

Master Data 

<Well Ident> 
MW-1 
MW-2 
MW-3 
MW-4 
MW-5 
MW-6 

<X> 
150 
800 

1800 
300 

1000 
1900 

<Y> <Z> <ZM> 
150 85.00 86.00 
250 92.00 93.00 
200 87.00 88.00 
750 110.00 111.00 
650 120.00 121.00 
900 145.00 146.00 

.·. 

HINf. You have two ways to input generalllocation data into GWW. The frrst way is to create 
an ASCII file such as above and impon as Standard ASCll Input into Master application. The 
second way is to type the data directly into the GWW-created data base. 

. ..... 



Chemical Data CSamples) 

<Weli!dent> <Ca> <Mg> <Na> <K> <HC03> . <504> <CI> <1DS> 
MW-I 1323 20.30 I9.n 1.11 !31.79 o.o5 425 218.00 210.00 
MW-2 12.83 21.88 23.91 2.35 206.83 0.05 2.84 272.00 · 320.00 
MW-3 17.64 20.67 29.89 0.39 22392 1.92 2.84 299.00 350.00 
MW-4 1523 17.63 12.87 o.78 !6290 4.80 1.n 218.00 280.00 
MW-5 12.02 36.47 4.60 0.59 237.95 0.96 0.71 229.00 270.00 
MW-6 16.03 16.17 14.94 0.39 !59.85 1.92 2.84 213.00 250.00 

<Conductivity> <pH> 
8.30 
7.00 
7.l0 
7.30 
7.50 
6.90 

IDNT. Same as for Master Data, you may inpút data either by creating frrst an ASCIT file as 
the one above, or by ryping the data directly into the GWW-created data base. 

Chemical Data CDepth-related) 

MW-1 MW-2 MW-3 MW-4 · • MW-5 - MW-6 
<DeptJD. <1DS> <Depth> <TDS> <Depth> <1DS> <Depth> <1DS> <Depth> <TDS> <Depth> <TDS> 

15 300 20 250 22 280 25 290 25 250 20 250 
20 ~ 25 320 ~ ~ ~ 320 ~ ~ 25 D 
25 310 30 ~ 35 ~ 35 380 35 380 30 300 -· 
30 350 35 320 40 420 40 420 40 320 35 350 
35 450 40 280 45 380 45 400 45 380 40 ~ 
40 3~ ~ ~ 50 m 50 ~ ~ ~ ~ 3~ r 

Chemical Data CTime Series) 

MW-1 
<yyyy/mrn/dd> <TDS> 
1994/02/15 250 
1994/03112 320 
1994/03/28 330 
1994/04116 380 
1994/05/22 420 
1994/06118 390 
1994/07/21 350 
1994/08/29 420 
1994/09117 380 
1994110115 320 
1994/11107 300 
1994112/12 280 

50 ·320 
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Lithologic Data 

The data are contained in an ASCII me as shown below. If yo u decide to create a similar ASCII 
fúe you must follow the convention that each well must start with the word WELL: (terminated 
with colon), the iithology with the word LITH:, and the rest with words SCREEN:, HOLE:, -
ANNULUS:, and CASING:. Lithologic codes (CLA Y, SAND, LIME, and DOLO) must be typed 

· upper case, as four letter words; the same appiies to the annular space materials (CEMENT, 
PACK, 0PHI). 

WELL: MW-1 
LITH: 

15.000 CLAY 
30.00 SAND 
52.00 LIME 
67.00 DOLO 

HOLE: 
20.00 12.00 
67.00 8=.0=0 __ 

CASING: 
20.00 8.25 
35.00 4.00 

SCREEN: 
15.00 30.00 

ANI\'ULUS: 
20.00 CEMENT 
35.00 PACK 
67.00 OPEN 

WELL: MW-2 
LITH: 

12.00 CLAY 
28.00 SMTD 
55.00 LL\-1E 
72.00 DOLO 

HOLE: 
20.00 12.00 
72.00 8.00 

CASING: 
19.00 8.00 
30.00 4.00 

SCREEN: 
15.00 28.00 

Al\'J'.il.JLLTS: 
20.00 CEMEl\T 
32.00 PACK 



72.00 OPEN 
WELL: MW-3 
LITH: 

22:00 CLAY 
35.00 SAND 
55.00 LIME 
70.00 DOLO 

HOLE: 
20.00 
40.00 
70.00 

CASING: 
20.00 
38.00 

S CREEN: 

·-12.00 
8.00 
4.00 

8.00 
5.00 

23.00 38.00 
ANNULUS: 

20.00 CEMENT 
· 38.00 PACK 

70.00 OPEN 
WELL: MW-4 
LITH: 

20.00 CLAY 
35.00 SAND 
60.00 LIME 
80.00 DOLO 

HOLE: 
20.00 14.00 
38.00 12.00 
80.00 4.00 

CASING: 
20.00 13.00 
35.00 8.00 

SCREEN: 
22.00 35.00 

ANNULUS: 
20.00 CEMEJ'.o"I 
35.00 PACK 
80.00 OPEN 

WELL: MW-5 
LITH: 

22.00 CLAY 
40.00 SA.ND 
65.00 LIME 

4c¡ . . 1 



120.00 DOLO 
HOLE: 

22.00 14.00 
120.00 8.00 

CASING: 
22.00 12.00 
42.00 4.00 

SCREEN: 
25.00 41.00 

ANNULUS: 
22000 CEMENT 
42.00 PACK 
120.00 OPEN 

WELL: MW-6 
LITH: 

30.00.CLAY 
60.00 SAND 
75.00 LIME 

150.00 DOLO 
HOLE: 

30.00 14.00 
150.00 6.00 

CASING: 
29.00 12.00 
60.00 6.00 

SCREEN: 
32.00 60.00 

Al\TNULUS: 
30.00 CEME!\11 
60.00 PACK 

150.00 OPEN 

Pumping Test Data 

MW -1 ( constant rate test: drawdown and recovery 1umped together) 
0.00 0.9510 300.0000 

10.00 O. 951 O 300.0000 
20.00 1.7060 300.0000 
30.00 2.6900 300.0000 
40.00 3.4110 300.0000 
50.00 3.9360 300.0000 
60.00 4.2970 300.0000 
90.00 5.05!0 300.0000 

120.00 5.4780 300.0000 

5 
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180.00 5.9700 300.0000 
240.00 6.2650 300.0000 
300.00 6.5600 300.0000 
360.00 6.7240 300.0000 
420.00 6 . .8550 300.0000 
540.00 7.0850 300.0000 
660.00 7.2820 300.0000 
870.00 . 7.4130 300.0000 

1110.00 7.6750 300.0000 
1410.00 7.8390 300.0000 
1770.00 8.0690 300.0000 
2070.00 8.1670 300.0000 
2490.00 8.2330 300.0000 
3330.00 8.3640 300.0000 
4320.00. 8.5280 0.0000 
4330.00 8.5280 0.0000 
4340.00 7.7410 0.0000 
4350.00 6.7900 0.0000 
4360.00 6.0680 0.0000 
4370.00 5.5430 0.0000 
4380.00 5.1500 0.0000 
4390.00 4.8870 0.0000 
4400.00 4.6580 0.0000 
4410.00 4.4610 0.0000 
4420.00 4.2970 0.0000 
4430.00 4.1660 0.0000 . 
4440.00 4.0340 0.0000 
4470.00 3.7720 0.0000 
4500.00 3.5750 0.0000 
4530.00 3.3780 0.0000 

, 4590.00 3.1160 0.0000 
4650.00 2.9520 0.0000 
4710.00 2.7880 0.0000 
4770.00 2.6570 0.0000 
4830.00 2.5580 0.0000 
4890.00 2.4930 0.0000 
4950.00 2.4270 0.0000 
5010.00 2.3620 0.0000 
5070.00 2.2630 0.0000 
5130.00 2.2300 0.0000 
5190.00 2.1650 0.0000 
5430.00 2.0010 0.0000 
5730.00 1.9350 0.0000 
5970.00 1.8370 0.0000 



-. 

6390.00 
6870.00 

1.6730 
1.5740 

0.0000 
0.0000 

7 

HINT. You do not need to repeat input of the pumping rate. It is sufficient to type 300 (gpm) 
on the first line, and skip the rest until the time when the pump is switched off. Type O for the 
pumping rate at 4320 minutes when the recovery of 1eve1s starts. 

MW -4 ( recoverv test data) 
0.00 0.0000 150.0000 

240.00 3.2800 0.0000 
241.00 2.9190 0.0000 
242.00 2.6570 0.0000 
243.00 2.4930 0.0000 
245.00 2.2300 0.0000 
247.00 2.0990 0.0000 
250.00 1.8370 0.0000 
255.00 1.6070 0.0000 
260.00 1.4760 0.0000 
270.00 1.2460 0.0000 
280.00 1.1150 0.0000 
300.00 0.9180 0.0000 
320.00 0.7870 0.0000 
340.00 0.6890 0.0000 
380.00 0.5580 0.0000 
420.00 0.4590 0.0000 

MW-5 (constan! rate test- drawdown portion) 
0.00 0.0000 200.0000 
1.00 0.6560 200.0000 
!.50 0.8860 200.0000 
2.00 0.9840 200.0000 
2.50 1.1150 200.0000 
3.00 1.2140 200.0000 
4.00 1.3450 200.0000 
5.00 1.4760 200.0000 
6.00 1.5740 200.0000 
8.00 1.7380 200.0000 

10.00 1.8700 200.0000 
12.00 1.9680 200.0000 
14.00 2.0660 200.0000 
18.00 2.1980 200.0000 
24.00 2.3620 200.0000 
30.00 2.4930 200.0000 
40.00 2.6570 200.0000 
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50.00 2.7880 200.0000 
60.00 2.9520 200.0000 
80.00 3.0500 200.0000 

100.00 3.1490 200.0000 
120.00 3.2800 200.0000 
150.00 3.4110 200.0000 
180.00 3.5100 200.0000 
210.00 3.6080 200.0000 
240.00 3.6740 200.0000 

You do not need to type the pumping rate 200 gpm more than once on the first line. 

MW-6 (constant-rate test- drawdown portion) 
0.02 0.1740 300.0000 
0.03 0.4720 300.0000 
0.05 0.8330 300.0000 
0.07 1.2890 300.0000 
0.08 1.5480 300.0000 
0.10 1.8890 300.0000 
0.12 2.2070 300.0000 
0.13 2.5390 300.0000 
0.15 2.8630 300.0000 
0.17 3.1680 300.0000 
0.18 3.4830 300.0000 
0.20 3.7690 300.0000 
0.22 4.0480 300.0000 
0.23 4.3100 300.0000 
0.25 4.6050 300.0000 
0.27 4.8350 300.0000 
0.28 5.0810 300.0000 
0.30 5.3040 300.0000 
0.32 5.5230 300.0000 
0.33 5.7370 300.0000 
0.37 6.1470 300.0000 
0.40 6.5010 300.0000 
0.43 6.8260 300.0000 
0.47 7.1140 300.0000 
0.50 7.3770 300.0000 
0.53 7.6230 300.0000 
0.57 7.8390 300.0000 
0.60 8.0330 300.0000 
0.63 8.2260 300.0000 
0.67 8.3770 300.0000 
0.70 8.5250 300.0000 

495 
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0.73 8.6630 300.0000 
0.77 8.7870 300.0000 
0.80 8.9250 300.0000 
0.83 9.0460 300.0000 
0.87 9.1610 300.0000 
0.90 9.2630 . 300.0000 
0.93 9.3610 300.0000 
0.97 9.8200 300.0000 
1.00 9.5320 300.0000 
1.08 9.7120 300.0000 
1.17 9.8790 300.0000 
1.25 10.0330 300.0000 
1.33 10.1550 300.0000 
1.42 10.2630 300.0000 
1.50 10.3650 300.0000 
1.58 10.4760 300.0000 
1.67 10.6930 300.0000 
1.83 10.7350 . 300.0000 
2.00 10.8700 300.0000 
2.17 11.0080 300.0000 
2.33 11.1450 300.0000 
2.50 11.2500 300.0000 
2.67 11.3320 300.0000 
2.83 11.4540 300.0000 
3.00 11.5750 300.0000 
3.17 11.6870 300.0000 
3.33 11.7520 300.0000 
3.67 11.9130 300.0000 
4.00 12.0010 300.0000 
4.33 12.2110 300.0000 
4.67 12.5100 300.0000 
5.00 12.6770 300.0000 

··5.50 12.8610 300.0000 
6.00 12.9030 300.0000 
6.50 13.1000 300.0000 
7.00 13.1460 300.0000 
7.50 13.1630 300.0000 
8.00 13.2550 300.0000 
8.50 13.3100 300.0000 
9.00 13.3890 300.0000 
9.50 13.4610 300.0000 

10.00 13.4940 300.0000 
11.00 13.6910 300.0000 
12.00 13.8220 300.0000 



13.00 14.0520 - 300.0000 
14.00 14.1830 300.0000 
15.00 14.3140 300.0000 
16.00 14.3990 300.0000 
17.00 14.5170 ;300.0000 
18.00 14.5370 300.0000 
19.00 14.5600 300.0000 
20.00 14.4780 300.0000 
22.00 14.6750 300.0000 
24.00 14.8550 300.0000 
26.00 15.0160 300.0000 
28.00 15.1170 300.0000 
30.00 15.1340 300.0000 
32.00 15.2030 300.0000 
34.00 15.2490 300.0000 
36.00 15.3410 300.0000 
38.00 15.4950 300.0000 
40.00 15.6260 300.0000 
44.00 15.6520 300.0000 
48.00 15.6880 300.0000 
52.00 16.1510 300.0000 
64.00 16.3570 300.0000 
68.00 16.3930 300.0000 
72.00 16.3050 300.0000 

Water Leve! Data 

MW-1 

150 150 85.00 86.00 
<yylmm!dd> <Leve!> 
94/0 l/05 l\4.25 
94/02/12 84 
94/03/ll 83.8 
94/04/15 83.1 
94/05/22 82.9 
94/06112 83.6 
94/07/05 84.1 
94/07/22 84.7 
94/08/12 84.9 
94/09111 84.8 
94/10/09 84.5 
94/ll/12 84.3 

Ir 

: Line l. contains well name 
: Line 2, intended for location, blank here 
: Line 3, intended for aquifer, blank here 
: Line 4, X, Y, Z, ZM, respectively 
: Line 5, tells GWW the forrnat for date 
: Line 6 till end, water leve! data entry 



94112/22 84.1 

* 
MW-2 

800 250 92.00 93.00 
<yylmm!dd> <Leve!> 
94/01105 91.25 

- 94/02/12 91 
94/03111 90.8 
94/04115 90.1 
94/05/22 89.9 
94/06112 90.6 
94/07/05 91.1 
94/07/22 91.7 
94/08112 91.9 
94/09111 91.8 
94/1 0/09 91.5 
94111112 91.3 
94112/22 91.1 
* 
MW-3 

1800 200 87.00 88.00 
<yylmmldd> <Leve!> 
94/01105 86.25 
94/02112 86 
94/03111 85.8 
94/04/15 85.1 
94/05/22 84.9 
94/06112 85.6 
94/07/05 86.1 
94/07/22 86.7 
94/08112 86.9 
94/09111 86.8 
94110109 86.5 
94111112 86.3 
94112/22 86.1 

* 
MW-4 

300 750 110.00 111.00 

11 
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<yylmmldd> <Leve!> 
94/01/05 108.25 
94/02112 108 
94/03111 107.8 
94/04115 107.1 
94/05/22 106.9-
94/06112 106.6 
94/07/05 108.1 
94/07/22 108.7 
94/08112 108.9 
94/09111 108.8 
94110/09 108.5 
94/11112 108.3 
94/12/22 108.1 

* 
MW-5 

1000 650 120.00 121.00 
<yy/mrn!dd> <Leve!> 
94/01105 109.25 
94/02112 1 09 
94/03/11 108.8 
94/04115 108.1 
94/05/22 107.4 
94/06112 107.9 
94/07/05 108.8 
94/07/22 109.7 
94/08112 109.9 
94/09111 109.8 
94/10/09 1 09.5 
94111112 109.3 
94112/22 109.1 

* 
MW-6 

1900 900 145.00 146.00 
<yy/mrn!dd> <Leve!> 
94101105 143.25 
94/02/12 143 
94/03/11 142.8 
94/04/15 142.1 
94/05/22 141.9 

12 
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94/06/12 142.6 
94/07/05 143.1 
94/07/22 14 3.4 
94/08/12 143.4 
94/09/11 143.3 
94/10/09 143.3 
94111112 143.1 
94112/22 142.8 
* 
Elevation of various lithologic units 

Clay-Sand Sand-Lirnestone Lirnestone-Dolomite 
MW-1 70.0 55.0 33.0 
MW-2 80.0 64.0 37.0 
MW-3 55.0 52.0 32.0 
MW-4 90.0 75.0 50.0 
MW-5 98.0 80.0 55.0 
MW-6 115.0 85.0 70.0 

13 

Hint. Type these numbers into entry form for Well Logs. The frrst co1umn of numbers refers 
to the elevaúon of the contact between clay and sand 1ayers (in feet above mean sea leve!), 
the second to the contact between sand and ·lirnestone, and the third to the contact between 
lirnestone and dolomite. 

OUTPUTS 

Sorne of outputs (printouts, repons) are appended to tlús exercise. 
l. Well construcúon and lithologic 1og for well MW-1. 
2. Same for well MW-6. 
3. Pumping test interpretaúon for well MW -4 (recovery method). 
4. Pumping test interpretaúon for well MW-1 (drawdown and recovery). 
5. Pumping test iterpretaúon for well MW-2. 
6. Time series for TDS in well MW -l. 
7. TDS versus depth in well MW-1. 
8. TDS contour map. 
9. Piper diagram with 6 samples. 
1 O. Wilcox diagrarn. 
11. Schoeller diagram. 
!2. STIFF d1agram for well MW-1. 
13. Piezornetnccontour map on 12 June 1994. 
14. Elevaúon contours of lirnestone-dolomite bedrock 
15. Lithologic cross secúon MW-1 - MW-2. 
16. Fence diagram. 
17. A Hydrograph. 

.s~o 



1 Well ldent 
MW-2 

j Drill. Method 

¡x 800 

1 

Well Log: Lithology & Construction 

N ame 

J Dril!. Dates 

250 ¡z 92.00 \ Meas. Pt. Elev. 

Ail measurements are in feeL Hole and casing diameters in inches. Scales (1: =! 

1 

93.00 

Level(ñ ~v~ert~icru~---------,~H~o-n~-z-o_n_u~l-------, 

Annulus 

5 

Conductor 
8 10 12 Pipe 

Cemented in 

15 

20 
Gravel 
Pack 

25 
WeU 4 
thoroughly 
develo~ 
for 24 ours 

30 
by¡ump!ng 
an surgmg 

35 

40 

45 
8 

50 

Open hole 

55 

60 

65 

70 

40.0 

llthology 

CLAY 

SAND 

LIMESTONE 

DOLOMITE 

so¡ 

Elev. 
[lee!] 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

25 
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APPENDIXB 

DATA BASE 
STRUCTURE 
FILES 

These are intemal files, contained within the data base 
templa te, GWW.OOO. Yo u may retrive the files by follow
ing the steps: 

l. Select Tools. 

2 Select Data Structure Design. 

3. Select File. 

4. Select Old. 

5. Select anyname or application from the list. 

6. Oose the dialogue box by clicking on OK. 

7. Select Write Structure to STD ASCII 

8. Type an ASCII filename under which this file will be 
saved. 

MASTER DATA STRUCTUR.E 

DATAENTRY No. of Clwa<ms oau1Voe- Forma! No. of Decimal DjJ!i!>l Unl! 
Well ldent 10 IWeiJ 

In 50 Char 

Disuie1 20 Char 

Looilitv 20 Char ! 
Owneo- 120 Char. 

X 10 N 1 Fixed. 2 m 
y 10 N fixa¡ 2 m 

z 10 Numtnim\ FUed 2 m 

ZM I!O Num(l)im) FUed 2 m 
1 Map Sheet No. liD 1 Char 

Year I!O 1= 1 1 1 



DATAENTRY 
Well ldent 

Ca 
Mg 
Na 
K 
Fe 
Mn 
HC03 
C03 
504 
CJ 
N03 
N02 
1'04 
F 
B 
Si02 
TOS 
Hardness 
Allcalinitv 
Conductivitv 

..I'.H 
Cations 
Artions 

SAR 
BaiErr 

DATAENTRY 
1 Camnn 

Mgp¡>_m 
Nappm 

ll<Dmn 
1 Feppm 
Mnppm 
HC03wm 
C03wm 

504otnn 

IC!wm 
N03!'Ptrl 
P041'i'_m 
Botnn 
s;cn. 

DATA BASE STRUCI'URE FILES 

CHEMICAL DATA STRUCTURE 

No. of Chancte<s Dat.t"IVDe Forma! No. ofDedmal Diltlt>i. Urút 

10 
10 
10 
10 
10 
10 
10 
10 
10 

110 
10 
10 
10 
10 

110 
10 
10 

lw 
10 
10 
10 
10 

ls 
8 
8 
8 

1 No. of Characters 
110 

10 
10 

I!O 

110 
10 
10 

110 
!O 
!O 
10 
10 
10 
!O 

Well 

FUed 2 
NumiUnd) FUed 2 
Num!Und\ FUed 2 

IN FUed 2 
N FUed 2 
N FUed 2 

FUed 2 
Num(Und) FUed 2 
Num(Und) FUed 2 
Num(Und) FUed 2 

1 Num(Und) Fixed 2 
Num(Und) FUed 2 
Num(Und) Fixed 2 
Num(Und) FUed 12 

1 Num(Und) FUed 2 
INum(Und) Fixed 2 
1 Num(Und) Fixed 2 

Num(Und) FUed 2 
Num(Und) FUed 2 
Num(Und) FUed 2 

1 Num(Und) Fixed 12 
Num(Und) FUed 2 
Num(Und\ FUed 2 
N~dL FUed 4 
Num(Und) FUed 2 

OIEMICAL DATA STRUCI1JR.E 

FOR PARTS PER MILLION ENTRIES 

1 

Dat.t Tv-oe Formal 1 No. of Decimal Di,.;ts! Unit 
Num(Und) Fixed 12 
Num(Und) 1 Fued 2 
Num(Und) Fixed 2 
Num(Und) JF.•ed 2 .. T 
Num(Und) i=:xed 2 
Num(Und) Fixed 2 
Num(Un~) Fi''!d 2 
Num(Un.<!) ifued 2 
Num(Und) Fixed 12 

1 Num(Und) Fixed 2 
1 Num(Und) Fixed 2 
1 Num(Und) Fued 2 
1 Num(Und) Fixed 2 1 
1 Num(Und) 1 Fixed 12 

B-2 

.. 

5C3 



DATA BASE STRUCTURE FILES B-3 

PUMPING TEST DATA STRUCTIJRE 

DATAENTRY 1 No. of Characters 1 Data Tvno 1 Formal No. of Decimal Dillits 1 Unit 

Wellldent TIO IWell 1 1 1 
TestDate 110 !Date dd.mm.vv 1 
Distan ce I!O 1 Nummiml IFixed2 m 

A~te 115 Numa:¡m;l 1 Aoat7 m3/dav 1 

Duration 15 1 ~ri)i;;;) 1 Aoat7 min 1 
lnSatTh 15 Nmnro;,;;l Fixed 2 m 
li-ansmissivjtv 15 Nummim) Float 7 m2/dav 1 
Stora .. 115 Num(U;;d) Float 7 
l..eakance 115 Nmnm;;;;) Aoat7 1/dav 
ConfAoThickness I!O 1 Nmnm;;;;) Fixed 2 lm 

.. 

b l¡o 1 Nummiml Fixed2 m 
1 JO 1 Nmn--¡¡:¡¡;;;) 1 Fixed2 m 
d lw 1 Nmnro;;;;J Fixed 2 m 1 
l1 10 1 Numro;;;;,- Fixed2 m 
di liD T Num--¡¡:¡¡;;;¡- Fixed 2 m 
StandardError Tw 1 Nmnrv;;;;l Fixed2 lm 
Method 25 IOtar 1 1 

PUMPING TEST ADDffiONAL DATA STRUCTURE 

DATAENTRY 1 No. of Characters · io.,.--:¡;;;:;;;:- 1 Formal 1 No. of Decimal Di•its 1 Unit 
Tzme liD l0tar 1 1 [ 
Drawdown JO lo.ar 1 1 

PRa~e JO lo.ar 1 1 
Selection JO l0tar 1 1 
EstVaJues JO lo.ar T 1 
Difference JO l0tar T 1 1 

HYDROGRAPHS DATA STRUCTURE 

DATAENTRY 1 No. of Ch.u.acters 1 Data Tvno i Format i No. of Decimal Diltits 1 Unit 
Well Ident ! ID IWeD 1 1 1 

Ao;ri/er l. 30 lo.ar 1 1 1 

... 



DATABASEST-RUCTUREBlES 

HYDROGRAPHS ADDmONAL DATA STRUCURE 

DATAENTRY 1 No. of Char..:ters i Data TVtte ! .Format " No. of Decim.:J Dillits 1 Unit 

Date IIO !Date !mm/dd/vv 

Time lro !lime 1 hh:mm:ss 

D<opth j !O j Num(i)un) 1 Fixed 2 m 

Leve! j !O i Num(i)un) · 1 Fued 12 lm 

WELL LOG AND LITHOLOGY DATA STRUCTURE 

DATAENTRY i No. of Ch.aracters 1 Data'l'ype l Format 1 No. of Decim.:J Digi_ts Unit 

Well ldent IIO !Well . 1 1 1 
Drill. Dates . 125 1 Char 1 ' 1 1 

5WL IIO 1 Num(Dim) !Fued 2 im 

DWL IIO IN . ) lfixed 2 im 

Drill. Method !30 IOlar 1 1 

ConcrlllockDx lro 1 NumfDiut) Fued 2 lm 
ConcrB!_ock[)y 1 10 INum(Diml ifixed 12 1 tr. 
ConcrBlockH jro 1 Num(Dim) Fixed 12 im 
AboveGS •! !O Num{[)jm) Fixed 2 1m 
Vert.Scale ! !O Num{U_!!d) Fixed 1 1 1 
Hor.5cale 1!0 Num(Und) Fixed Ir 1 

STEP DRAWDOWN TEST DATA STRUCTURE 

DATA ENTRY 1 N o. of Characte:rs 1 DatalVDe 1 Format ! No. of Decim.:J Dicits IUnH 
Well ldent IIO IWell i 1 1 
A 112 1 Num(Und) ! Aoat 4 
B 112 1 Num(Undl 1 Float 4 

IP Ir o 1 Num(Und) lfued 2 
Eiñciencv i !O , Num(Und) IFixed 12 

GRAIN SIZE CURVE DATA STRUCTURE 

.. rD~AT~A~ENTR~~Y---f.IN~o~-~of~C~ruu~a~cters~-----~;~D~ata~~--+:~Form~~··----~~~N~o~.of~Deci~·~m~~WD~;~rl~ts~----~-·~ 
Well ldent 1 1 O · Well .=! 

( 

sos 



APPENDIX C .. ENTRY-AND REPORTING FORMS 

PARTONE: 
ENTRYFORMS 

MASTER DATA ENTRY FORMS (in English, Portuguese, 
and Spanish) 

DADOS PRIIIOPAIS 

CORSAH SISTEIIA D(ÍIIFOfii&ACOES DE ÁGUA SUIITl'RRAIIEA 

Labet 
lt.Y (mm] 

dx. .... 

'506 
~-



ENTRY & REPORTING FORMS C2 

CHE~CALDATAENTRYFORMS 

-
._ ... 

•• 

-·-

ORGANICS IN WATER ANO SOIL 

W.l bent DopUI (ft BGS) 

T'*"'ne 

Ettr,bnane e•- T et:mtr,dt:lfuan ... ttr,;.hll Chbn:ie TrU'Ibii:::JRtNne 

- ... ..,., Ethyt t..b:ln D•ufde 

- T etra:::ht:.::.tM.tlll Vny1Chbn:M PC8-1211l p .. ..,. P henanttu•ne 

Fbuanthe• Boo 

1..3-D~ 2,7, 10. Trwnett•t' 



ENTRY & REPORTING FORMS 

PUMPING TEST ENTRY FORMS (in English and 
Portuguese) 

ldntffieotüm 

No~(lll) 

VaHdatiaa 

C3 

sol: 



ENTRY & REPOIITING FORMS 

HYDROGRAPHSENTRYFORM 

Water Levels 

¡r- ¡¡~· .. · r 
~==~==~~====~~~~~ e..w.g (m) Nortlung (m) Or. 6utf. El (m arn.t ~- P1. El (m .ill"'-0 

: .. : / 

.: .. 

~LLLOGENTRYFORM 

Well Lithology & Construction 

ldentification 

_,..,(m) Gr. 6urf. El (m .-net ...._ Pt EL (m ~t 

Drl. W.thad 

1 <=-•• 1 d~------"'---.JI 

~======~======~ IL--.. ,.,._ ... _ __;IL\v--~~ 

C4 

so~ 



ENTRY & REPORTING FORMS C5 

. .· .. 
ADDITIONAL LITHOLOGY ENTRY FORM 

Additional 
•a bent 

~(mWSIJ 

~illl(mWSL;I 

STEP-DRAWDOWN TEST ENTRY FORM 

STEP DRA WDOWN TESTS 

ldentlfication 

!>ID 



ENTRY & REPOKTING FORMS C6 

PART TWO: REPORTING FORMS ANO REPORTS 

Wellldent 
STIFF Diagram 

MW-5 
1 Name IType 

Milliequivalents per iiter 
5 4 3 2 1 o 1 2 3 4 5 

Ca 

Cations 

Ca Mg Na K Fe 

Milliequivalents per liter 0.5998 3.0000 0.2001 0.01509 0.0645 

Milligrams per licer 12.02 36.47 4.60 0.59 1.20 

Anions ' 

HCOJ COJ S04 Cl NOJ 

Milliequiva/ents per licer. 3.90000 0.01999 0.02003 0.00807 
i -

Milligrams per licer 237.95 0.96 0.71 0.50 
-

BOD COD Diss. Oxygen F 8 Si02 

TOS Hardness Alkalinity Conductivity pH SAR 
229.00 270.00 7.50 0.1491 

1 WtUer Type Magnesium Bicarbonate 1 Cations (epm} Anions (epm} 
3.88 3.95 

Error Balance (% 
AquHer 1.75 

511 



. .:. '. ---

Wellldent 

MW-1 

Easting (X) 

150 

Depth 
[m] 

-

5-

-

10-

-

15-

-

20 

-

305 

25- 310 

-

30- 350 

-

35 

40 350 

ENTRY & REPORTING FORMS 

··CONCENTRA TI ON- DEP'IH SERIES 

¡Name 
Monitoring well in Corozo Pando 

Northing (Y) 

150 

Ground Surf. Elev. (Z) 
85.00 

"'"""' =o o 

... ,_. 

TDS in ppm 

-.-.-.-.-.NNNNNWW 
Q)ON.::..a>Q:IOI\JAO>CXJOO. "'o ooooooooooo 

·.-: ·-, . 
::.; 

.. . '- -... 
~- -·· ---.,. ,-· ·.-··_ .. .::..:. · __ 

> '" -· .- --- . 
. --. . ___ :_-

'· 

·,, 
,__..:.._ ______ ,..:~--.:..... ~-....:~-- ____ ... ______ .._.:........-·: ......... 

Meas. Point Elev. (Zm) 

86.00 

......... ~ "'"""' 000 

Level 
(m] 

-85 

-

-SO 

r-75 

f--

f-- 70 

f--

r-65 

f--

r-so 

f--

r-55 

f--

f--50 

f--

-45 

C7 

1 

·l. 

.. 



ENTRY & REPORTING FORMS es 

L_ _________________ s_c_h_o_e
7

ll_e_r_D_i_a=gr_a_lll __________________ ~~ 
SchOeller Dlagram 

5 

4 

3 

2 

6.9 
0.8 
0.7 
0.6 
0.5 

0.4 

0.3 

8:69 
0.08 
0.07 
0.06 
o.os 

f0.04 

t0.03 

• 0.02 

8:869 
0.008 
0.007 
0.006 
0.005 

~0.004 

0.003 

0.002 

0.001 
EPM 

~o 
8 
7 
6 
5 

4 

3 

2 

6.9 
0.8 
0.7 
0.6 

~0.5 
0.4 

0.3 

0.2 

.. 

8:69 
. 0.08 

0.07 
0.06 
0.05 

0.04 

~0.03 

1 
Ca 

4 

3 

2 

1
6.9 
0.8 
0.7 
0.6 

t :~ 0.3 

E ¡o.2 

8:69 
0.08 
0.07 
0.06 
0.05 

6.9 
0.8 
0.7 
0.6 
0.5 

1

0.4 

0.3 

0.2 

8:69 
0.08 
O.Oi 
0.06 
0.05 

0.04 

~0.03 
¡ 

Na 

·. 

50 

40 

30 

~o 
8 
7 
6 

200 

i ~o 
80 
70 
60 
50 

,, 
111 
•1 
~71 f., 1 

... , 1 
!:ti 
1 .. , 1 

20 ;¡, 1 
• •J 1 
1 '1 1 

¡ill 1 
. 5: 1 

Id ~1 1 

~ ;¡ : 
U: 1 

'1 1 
1, 1 

5! i 1 
~ .. 1 
11 1 
~; 1 
1 1 

i : 
1 
1 
1 
1 

¡ :~~\ ~ 0.3 1 
1 
1 

0.2 1 

6.9: 
0.81 
oj.? o. 
o 
o.j 
o~ 

1 1 

\ r~·2 1 1 

8:69 \ . ! 

m \fi' o:b 0.05 1 0.07 
1 0.06 

0.04 0.05 

300 

200 

~so 
80 
70 
60 
50 

40 

30 

20 

~o 
8 
7 
6 
5 

4 

3 

2 

6.9 
0.8 
0.7 

5 

4 

3 

2 

oJ 
0.8 
0.7 
0.6 
0.5 

0.4 

0.3 

0.2 

O~Ó¿ 
0.08 
0.07 
.0.06 
0.05 

0.04 

0.03 

0.02 

0·6 o~o8¿ 
0.5 0.008 

0.007 0•4 0.006 
0.3-0.005 

0.004 
0•

2 
0.003 

0.002 

8:A9· 
0.08 
0.07 j 

0.001 
CI 80

4 
HC0

3 
EPM 

MW·l 

MW-2 

MW-3 

MW-4 

MW·S 

MW·6 



·· ENTRY & REPORilNG FORMS 

Piper Diagram 1 
L-------------~--~--------------~~ 

Plper Dlagram 

100 

80 80 

60 

40 

20 20 

20 
-:: •/::_. ~ .-.'"''.: .· _-.;~:.-_ • ·>·::: ·.>·:. • ·_:'·w<, ·.~;'\. ·.:~.-. ·.:.' 

o~~~~~~~~~~ ·~~~--~~~~~~~~o 

100 80 60 40 20 o o 

1 MW-1 
2 MW-2 
3 MV."-3 
4 MV."-4 
5 MW-5 
6 MW-6 

Ca 

CATIONS 

20 40 60 80 100 

Cl 

ANIONS 

C9 



- -ENTRY & REPORTING FORMS CIO 

Wilcox Diagram 1 
~--------------------------------~~ 

WIICOX Dlagram 

Sodium 
(alkali) 
Hazard 

Very 
High 

S4 

High 
S3 

Medium 
sz 

Low 
SI 

MW-1 
2 MW-2 
3 MW-3 
4 MW-4 
5 MW-5 
6 MW-6 

100 

30 

28 

26 

24 

22 
' 20 

18 
0:: 
< 16 
Cf.l 14 

12 

10 

8 

6 

4 

2 

500 1000 5000 

30 

20 

10 

z3 
o 

~ 1 

Conductiviry (micromhoslcm at 25 °C) 

Cl C2 C3 1 C4 

Low Medium High 
1 

'iery High 

Salinity Hazard 

!:15 



tt~~... :--~· :···.·.-:··· ,:~·· 1 . ·.;\.e· .'· ;: . ' , •·' . ,' , 
, .. ,:.i.!...:.. . ' '. . 

• A/1, ; In ,)pm. sums, ; and, ; In epm. ros tn, pm. 

Wdlldtnl Ca Mg Na K Fe Catlons 

P-103 

P-152 

P-153 

P-163 

P-166 

P-170 

P-177 

P-180 

P-186 

P-20 

P-206 

P-577 

P-580 

P-600 

P-72 

P-74 

24.05 18.11 13.79' 1.56 

12.83 21.88 23.91 2.35 

17.64 20.67 29.89 0.39 

15.23 17.63 12.87 0.78 

14.43 

12.02 

14.43 

24.05 

17.64 

34.47 

64.53 

16.83 

14.43 

23.25 

25.25 

38.48 

18.11 

36.47 

15.93 

15.80 

17.87 

26.02 

10.09 

17.38 

17.38 

21.76 

26.02 

20.30 

13.79 

4.60 

16.78 

11.95 

25.98 

27.36 

34.94 

15.86 

22.99 

30.80 

24.83 

14.94 

0.39 

0.59 13.03 

0.39 

1.17 

1.56 

0.78 

.0.39 

0.39 

0.39 

0.78 

2.35 

1.96 

P-84 21.24 19.45 19.77 2.74 

SRRG-19 10.02 10.94 213.79 1.17 

SRRG-22 9.62 10.33 197.70 3.52 

SRRG-38 10.02 8.27 43.68 4.30 

SRRG-4 8.02 9.60 183.91 3.91 

SRRG-7 

SRRG-8 

4.41 

6.41 

1.95 

9.36 

2.30 2.35 

39.08 2.74 

3.33 

3.54 

3.89 

2.79 

2.82 

4.62 

2.77 

3.05 

3.52 

5.07 

5.58 

2.97 

3.16 

4.31 

4.54 

4.29 

3.59 

10.73 

10.02 

3.19 

9.29 

0.54 

2.86 

IIC03 S04 Cl N03 A •'• TDS 

187.92 3.84 5.32 

206.83 0.05 2.84 

223.92 1.92 2.84 

162.90 4.80 1.77 

172.67 

237.95 

158.63 

164.73 

183.04 

280.66 

331.91 

170.84 

189.75 

244.05 

259.91 

77.49 

0.05 

0.96 

0.05 

4.80 

24.98 

12.97 

7.68 

0.05 

0.05 

0.96 

0.96 

7.68 

1.42 

0.71 

2.84 

3.90 

1.77 

4.96 

2.84 

3.90 

5.67 

0.35 

4.96 

3.90 

202.56 1.92 3.90 

430.75 0.96 66.64 

506.41 0.96 71.61 

152.53 24.98 5.67 

408.79 12.01 99.26 

25.63 1.92 1.77 

122.03 39.87 7.80 

37.20 

3.31 255.00 300.00 

3.47 272.00 320.00 

3.79 299.00 1 350.00 

2.82 218.00 280.00 

2.87 

4.54 

2.68 

2.91 

3.57 

5.01 

5.68 

2.91 

3.27 

.¡.27 

'4.42 

4.10 

222.00 

229.00 

248.00 

228.00 

274.00 

390.00 

454.00 

226.00 

252.00 

330.00 

345.00 

243.00 

3.47 273.00 

10.39 780.00 

10.34 805.00 

3.18 254.00 

9.75 730.00 

0.51 42.00 

3.05 229.00 

280.00 

270.00 

250.00 

290.00 

340.00 

470.00 

520.00 

260.00 

290.00 

370.00 

410.00 

380.00 

330.00 

950.00 

900.00 

290.00 

900.00 

45.00 

250.00 

"J 

g 



Wellldent 

MW-1 

Easting (m) 
150 

MW-1 

480 

460 

440 

420 

400 

380 

360 

340 

320 

300 

280 

260 

240 

220 

200 

180 

160 

140 

120 

100 

80 

60 

40 

20 
o 

ENTRY & REPORnNG FORMS C12 

Chemistry Concentration 1 Time 

I
Name 

. Monltoring wellln Corozo Pando 

Northing (m) Gr. Surt. Elev. (m amsl) 
150 85.00 

1994 



ENTRY & REPORTING FORMS C14 

) WeliLog: Lithology & Construction 1 
Well Ident ¡Name 

1 MW-2 

1 Dril!. Method Rotary with bentonite ¡oruLDates 15 to 22 March 1994 

X 800 Meas." PI. Elev. 93.00 

es. Sules (l: z=) 

1 Water Leve! (m AMSL) 88.20 -~-'Vertical 11 Horizontal 40.0 

Elev. Hale Annulus Lithology [m] 

90 

5 CLA Y. witb some 
silt aud fiDe sand 85 

Conductor 
8 10 12 Pipe 

Cc:meoted in 80 

15 
75 

20 --sAND. fine to medium 
grained 

Grave! 70 
Pack 

25 
Well 4 
thoroughly 
dovelo¡:: 65 
for 24 oun 

30 by ¡ump!Jig 
an surgtng 

60 

35 
55 

40 
LIMFSI"ONE dolomitic:. 
fractured 50 

45 
8 

45 

50 
Opeo 
bol e 

55 
35 

60 

DOLOMITE witb marly 
30 

65 
ümeuone. brown 

25 

70 

Sf8 



ENTRY & REPORTING FORMS C15 

TESTEDEBOMBEAMENTO J 
-

POQO 

1 

1 Municipio 
G 1433 RM 1 P3 Flores da Cunha 

Dist. P~ Obs. (m] V azao Média [m 3th] Dura~o [min] Espes. 5at Inicial [m] 
6.01r 6.6667 900.00 

. 

1 
Resultados 

1 

Erro da Estimativa [m] 
0.02 

1 """~'" '[m2!h] i · 'oe Arrna.><>n~m<>ntn ""''1g.~~~i'io "'oen"'"' "" 0.009767S~ ·.~ 9.10 . 

Método Método de Hantush 

0.01 

1 1 1 1 

1 1 

i 
.. 1 1 

' ' 
' ' ' ' 

' - 0.1 -
1 ~ 1 

= -Q -= 1 "' 1 ... 
E 1 ........ 1 

"' 1 1 1 1 11 1 1 1 ' 1 .. 1 ·;;; . ' 1 1 1 11 ' ' 1 .. -., .l. ' 1 
~ ' ' ' ' ' ' • ' ' ' ' - '' ' ' ' ... 

cz:: 1 

1 1 

1 1 1 

' 1 1 1 1 1 1 ' ' 1 1 1 1 

1 1 1 1 1 '1 1 1 
1 1 

' ' ' ' ' 
' ' ' ' ' ' ' ' ' .. 

10 
0.1 1 10 100 .. 1000 

Tempo [min] 

S/9 



ENTRY & REPORTING FORMS 

0.05 15.000 1200.0 

Storage Leakance 

Fit Method 

1 1 

1 1 

C16 

Estimation Error 
0.10 

Theis Method 

· .. 

} .. 

52.0 



Well No. 

A-0001 
X 

1235568 

1 Aquifer 

Depth [feet] 
9 5 

1 9 

9 

6 

7 

98 

99 

100 

10 1 

1 

1 

lA 
102 

103 ,_1 _,. 

1 

104 

105 

1 

1 ' 80 81 

106 

107 

108 

1 

' 82 

ENTRY &: REPORTING FORMS 

· Hydrograph Reporting Form 
Descnption Observation well in St Johns District 

y üround Surf. Elev. 
10781674 153.36 

Quatemary 

A-OOOt--

1 

t r 
~ 

1 
-

1~ 
p 

' 

1 
'-' 1 ' ' ' ' 83 ¡;;.; 85 86 87 88 89 90 91 

~easunng Pi. Elev. 

' ·v 

' ' 92 

153.36 

Leve! [feetl 

-

' 93 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

C17 

~ 

SZ.I 



C-18 ENTRY &: REPOlmNG FORMS 

i ·.·.· -.. · · \:; !: • ;:;r;::<~.. . ::Graln'SJZácumt::~\'};·f<:;?i~;;!:/.:,"·~':t ... d- ~ ~. • 

Wellldent 
GSC-1 1 Oeacripllon Honitori.nq wall, :LaDdfill !IX Projact -~ 

-12-14m 

---- 11-21 m 

70111111111 1111111! 1 lltl.ll\11 11!111111 111111111 111111111 1 

Eeo 
¡ 50 ... .,.40 

30 

2D 

10 

o 
1000 

1 

\ 

1\1, 
' "'\.1 

lf ~-

:llllllllllllltltE 
100 10 1 0.1 

GrW'I SRII., .. , .... , 
Q.01 

- - ·-c.r ! 1!1111 
> 

.! ... !IJii > 
.! ... 

SioweSiaalmml 12-14m 17-21 m 

¡ . 
-

0.001 3.00 7.00 

0.010 7.00 .. 11.00 
1 

O .OSO 12.00 15.00 

0.100 111.00 21.00 
·--

0.200 18.00 24.00 

0.500 22.00 211.00 
1.000 34.00 311.00 
2.000 44.00 52.00 
5.000 12.00 77.00 

10.000 78.00 87.00 
21).000 87.00 1111.00 
25.000 100.00 100.00 

-.. 
0.001 

S22. 



1 · ... ::.'(',_:,_: ... :. • 
. ··.· .. :: .... ··. ·.·· .. :·. · . . ,, ' ••' ·.·,. . . -



.: .. · 

•, ·. 

Ground Water Con tour Elevations (ft AMSL) 

~-

1 1 



--------. . . . . . . . . . . . . . . . . . . . . . . . . 

LEGEND 
1:17110!10(H) 
1:11100 (11) 



\ 
1 

C-22 ENTltY &e REPOIO'ING FORMS 

PAIIT THREE: 
ASCUFILE 
FORMFOR 
ADVANCED 
USER.S 

Master Fue Entry 
Fonn 

mcr 'CWW ""-Dola' ClJ0.30.1DD.!lUJ 2.15.20.2DP(O.D.Dl B(l91.D.D) 

'CWW ""- Illda' a::.o.o 
'Ari11'20.U.OC(ti.255.2S5) 

DArA w.n ldmt • (]20.1fD%1DJ10) 2.15.0.0 P(O.o.D) B(2S5 25'i ?SS) 
1dm! 'WO.D 
'MS 5oDs Sorif' 12.l.D.D C(tl.D.D) 
CB.lO.-lD 
'MS S... Sorif' 10.0.0 C(ti.D.DJ 

DArA 'Dtwu:iptiw • (3!10»0MO.lDO) 2.1S.D.D P(O.D.D) 11(255.255.2.55)' 
~ ·wo.o 
1Wv' S.O..O.D C(ti.D.D) ' 
CB.lO,-lD 
~'10.0.0.0 C(ti.O.D) 

DArA 1liooril:t • (1230.171l.311J.100) 2.15.0.0 P(O.D.D) 11(255.255.255) 
"llioozi<t • wo.o 
1Wv' s.o..o.o C(IJ.O.DJ 
CB.lO,-lD 
·e:-· 10.0.0.0 C(ti.O.D) 

DATA 'loc:ality • (13031113111.100) 2.15.0.0 1'(0.0.0) 11(255.255.2.55) 
1.oaliry • IJ".lO.O 
'HoW 8.D.D.D C(tl.D.D) 
CB.lO.-lD 
'Comier'10.D.O.O C(ti.O.D) 

DArA "'wno. • (50031113111.1ixl) 2.15.0.0 P(O.O.D) 11(255.255.255) 
'OwD« • wo.o 
'Hdv' 8.D.D.D C(tl.D.D) 
CB.l0.-10 
~· 10.0.0.0 C(ti.O.DJ 

DArA 'Wdl l<!ent '(]20JED%1DJ10) US.D.D P(O.O.D) 11(255.255.255) 
'ldmt • IJ"JO.O 
1dS Sons Serif'l2.l.D.O C(ti.O.DJ 
CBJ0.-10 
1dS Sons s.nr 10.0:0 C(ti.O.O) 

llArA 'DtsaipiXBI • (3!10J70.8(0.100) 2.15.0.0 I'(O,D,D) 11(255.255.255) 
'Ilooaipáal¡ • wo.o 
'Helv' 8.0.0.0 C(ti.O.DJ 
CBJ0.-10 

' ... 



ENTRY &: REPOIOlNG FORMS 

'C.oari!!r'lO.O.O.O C(O.D.IJ) 
DAIA "Distria • (l2.'l0m.370.100) 2.1.5.0.0 P(U.O.D) Ba.55.255.255) 

"Distri<t • WO.D 
"H<W &.0.0.0 C(O,D.D) 
CB.l0.-10 
'C.oari!!r'10.0.0.0 C(O.D.IJ) 

llAIA "Loallity • (l3037!J.311UOO) 2.1.5.0.0 P(U.O.D) B(255.255.,25S) 
"Uladiry • WD.O 
"H<W &.0.0.0 C(O.O.D) 
CB.l0.-10 
'C.oari!!r'10.D.O.O C(O.D.IJ) 

llAIA "OwDor • (50037!J.311UOO) 2.1.5.0.0 P(U.O.D) B(255.255.255) 
-o.rn.. ·wo.o 
"H<W B,O,D,D C(O.O.D) 
CB.l0,-10 
-c-'10.0.0.0 C(O.O.D) 

llAIA 'X • (l30270.3CDJ.OO) 2.15.0.0 P(U.O.O) B(255.255.255) 
~ 'WD.D 
"H<W B,O,D,D C(O.O.D) 
CB.l0.-10 
~·10.o.o.o C(O.D.OJ 

llAIA 'Y • (DIJ,270,3(jl).l00) 2.l5.D.D P(U.O.D) 11¡255,255.255) 
'Ncallrili¡¡ ·wo.o 
"H<W 8,0.0.0 C(O.O.D) . 
CB.l0,-10 
'c:-;,'10.D.D.DC(O.D.D¡ . 

llAIA 'Z • (830.2'0.380.100) 2.15.0.0 P(O.O.O) ll(255.255.255) 
'Gmand Smi Elev.' WD.O 
"H<W &.0.0.0 C(O.O.D) 

CB.l0,-10 
~'10.0.0.0 C(O.D.IJ) 

llAIA '2M • (1210.270.390.100) 2.15.0.0 P(U.O.D) 11(255.255.255) 
~ Pt. Elev. 'II.lO.O 
'Helv' &.0.0.0 C(O.O.D) 
CB.l0.-10 
~'10.0.0.0 C(O.O.D) 

llAIA 'Map st-t No. '(125)3?0.320.100) 2.15.0.0 P(U.O.O) ll(255,255.255) 
'Mapsn-No. ·wo.o 
'Hoiv' &.0.0.0 C(O.O.D) 
CB.l0.-10 
'Coaner'lO.O.D.O C(O.O.D) 

C-23 
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C-:U ENTllY & REPOirriNG FORMS 

DATA 1 Well Ident 1 

(120116012701110) 21151010 P(OIOIO) 
B(255,255,255) · 

'Ident 1 LT11010 

'MS Sans Serif' 12,11010 C(OIO,O) 

CB,101-10 

'MS Sans Serif' 14,1,010 C{O,O,O) 

The page origin is in the upper left cmner. All rneasmes refer to the 
upper ~comer. 

First box: FU!ld Name is Well Idat. The 6eld stans at 120 mm 
from the left margin up~ comer af the page (X=l20), and at 160 
mmfrom the top ~ (Y=l60). Thehari.uiltallength.afthefield 
is 270 mm and ñs .height is 110 mm. · 

The numbers 2 and 15 represent the b:ame line thickrless (in 10th ol 
a millimeter) and a pa:ameter indicating whether this is a full frame 
around the field ora partial b:ame (wíth ane, two or three lines), 
respectively. . · · 

The numbers O .O indicate that there is no border enhancin¡: the field. 
The following numbers define the border: O- no border; 10 -1 mm 
border line; 20- 2 mm border line, etc.lf the rwmber is ~tive the 
l!ne is te the left or below. lf it is positive the line is te the right or 
:iliove. 

·Tne block P(O,O,O) is ol no amcem. It defines the colOr af the labei. 
b:lt this is overriden by another block an line 3. . 

The block B(255.255.255) sets the color for ba~und. This combi
natian is for no color. or white background. 1he ¡¡equence is red, 
green. and blue; or RGB. 

Ex;ample of an input 
· text block in the 

Master File Entry 
Fonn: 

S28 



EN'J1[Y ole REPORTING FOKMS C-15 

Seccnul bo:r: 'ldent' is tbe label that will be displayed and 
1'rinled. Notice that Fie1d Name lUid l.alel name. do not need ID be 
the same. Field Name must appear exac.tly as it 15 en1m!d miD tbe 
Data File Slr1.tctllre, but you DlilY type anythirlg ID Label Name. 

The Jetters U indicate tbe hmizcnlal and vertical alignmenl:. respec-
tiftiy. The letlers have tbe following meaning: 

• L=ldt 
• C=c:c:a=r 
• R=npt 

• T=top 
• B=boltom 

In this example lhe ward Ident wü1 Sl:iiit at tbe left eclge of tbe ñeld 
in the upper ane lhird of the fíeld. _ 

The numbers 10.0 after t:r indDte harizaúal and vertical offsets in 
X directian (10 1enlhs of a míllimeter), and O in Y directian. 

Third box: .'MS Sans Serif' is the fant ~ used ID write tbe 
label 1dent'. The four numben afl:er tbe font fámily define tbe fal
lowing: 

• fimtsiic 
• bold (1), DODDa1 (O) 
• ilalic (1), DOt ilalic (O} 
• undcriinrrl (1),110t nndcriinc:d (O} 

In this cue, the fant size is 12 points, 'Ident' wü1 be displayed and 
prillled as boldfaoe, no ilalia, no undertining. 

The block 00.0.0) indicat2s color for tbe Jabel. Three zeros mean 
black. three 255s wouJd mean white. Any other cambinatian would 
imply ane of 111011! thm 16 millicn alkri. .. 

Fourth box: it defines the paaitian and affset:s for data ID fill tbe 
field. CB. stands far C1!nter (hOrizantally), and bottom (vertically). 
10,-10 means hatizantal offset 10 ll!nlhs of a millimeter ( ane mm ID 
tbe right), and -1 mm above tbe bottcan. 

Fifth box: &a11lf' as box three. but this box refers ID data. Font 
faínily is again V.:: 5ans Serif', fant size is 14 points. Data will be 
printed boid, no haiia, no undedining.lts c:olai' will be blac:k. 

Iext fields differ from Data fields in the follawing. Thev 
ha ve onl y thtee lines of definition. The foutth and ñ.fth lines which 
define the data filling the 6eld. ha ve no me.aning here. . ' 
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APPENDIX D •.. VARIOUS ASCII FILES ••• 
PROGRAM'S DEFAYLT AND EXAMPLES 

GWW.UNT 
· Units, type of units, and 
conversion factors. 
First fine (header) is not 
a part of the file. 

Data 'JYpe 

Length 
Length 
Length 
Length 
Length 
Length 
Length 
Length 
Time 
Time 
Tune 
Tune 

Volume 
Volume 
Volume 
Volume 
Volume 
Volume 
Vo!ume 
Volume 

Area 
Area 
Area 
Area 
Area 

F:awrate 
Flowrate 
Flowrate 
Flowrate 
Flowrate 
Flowrate 
Velocity 
Velocity 
Velocity 
Velocity 
Velocity 

Unit Conversion 
Factor 

m 1.0000000E 00 
an 1.0000000E.{)2 
mm 1.0000000HX3 
inch 2.5400000E.{)2 
feet 3.0487800E-<J1 

yard 9.1440000E-<J1 
mile 1.6090000E 03 
Km 1.0000000E 03 

sec 1.0000000E 00 
min 6.0000000E 01 
hr 1.4400000E 03 
da y 8.6400000E 04" 
m3 1.000000QE 00 
1 1.0000000E-a3 

an3 l.OOOOOOOE-<J6 
quart 9 .4760000E-<J4 
barre! 15900000E-<J1 
acre-ft 1.2340000E 03 
gallon 3.7850000E-a3 
ft3 2.8299688E.{)2 
m2 l.OOOOOOOE 00 
ha 1.0000000E 04 
ft2 929<Y2260E.{)2 
acre 4.0470000E 03 

Donum l.OOOOOOOE 03 
m3/s l.OOOOOOOE 00 
1/s l.OOOOOOOE-a3 

gpm 63090000E-o5 
g(UK)pm 7 5770000E-o5 
acre-ft/d Ll580000E-<J4 
m3/day 1.1500000E-o5 
m/sec l.OOOOOOOE 00 
an/sec l.OOOOOOQE-{12 
m/d 1.1500000E-o5 
'!'lyr 4.1975000E-a3 

m3/s/acre 3.2708762E 01 
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ASCII FILES- EXAMPLES 

Ve!ocity 
Ve!ocity 

Transmissivity 
Transmissivity 
Transmissivity 
Transmissivity 
Transmissivity 
Permeability 
Permeability 
Permeability 
Permeability 
Permeability 
Permeability 
Pressure· 
Pressure 
Pressure 
Pressure 
Pressure 
~sure. 

Temperature 
Energy 
Energy 
Energy 
Energy 
Energy 
Energy 
Force 
Force 

Le.lkance 
Leakance 
Leakance 

SpecCapadty 
SpecCapadty 
SpecCapadty 

gpad 
ft/sec 
m2/s 

m2/day 
gpd/ft 

g(UK)pd/ft 
ft2/min 
m/s 

m/day 
cm/s 

gal/day/ft2 
ft/s 

ft/day 
- Pascal 
pounds/ sq.in. 

lb/sq 
atmosphere 
millibar 
kg/m.s2 
Celsius 
joule 
ft-lb 

ft-poundal 
BTIJ 
calorie 

kg.m2/s2 
newton 
polDld(f) 
1/s 

1/min 
1/day 

m3/s/m 
1/s/m -

m3/d/m 

1.C2M38E-06 
3.()4800()()E-Ol 
1.0000000E 00 
I.l157400E.OS 
1385749IE.m 
"1.664684IE.m 
1.4860773E..ffi 
I.OOOOOOOE 00 
1.1574000E.OS 
I.OOOOOOOE..Q2 
4.7160000E.m 
3.4800000E..Q2 
4.0277520E-m 
I.OOOOOOOE 00 
6.89SOOOOE 03 
I.OOOOOOOE 00 
1.0130000E 05 
I.OOOOOOOE 02 
I.OOOOOOOE 00 
I.OOOOOOOE 00 
1.0000000E 00 
13560000E 00 
4.2140000E..Q2 
l.OSSOOOOE..ffi 
4.1870000E 00 
I.OOOOOOOE 00 
I.OOOOOOOE 00 
4.4480000EOO 
l.OOOOOOOE 00 
1.6666666E..Q2 
I.I574070E.OS 
l.OOOOOOOE 00 
I.OOOOOOOE..ffi · · 
1.1157 400Hl5 

D-2 
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ASCll ffiES .. EXAMPLES 

PPMTOEPM.TBL 
The flrst.line (header) 

is not a part of the me. 

Ca 
Mg 
Na 
K 

Constituent 

Fe 
Mn 
HC03 
C03 
504 
CI 
N03 
NO 
P04 
Si02 
Sr 
Zn 
Al 
NH4 
Ba 
Be 
Br 
Cd 
Co 
Cu 
F 
H 
OH 
I 
u 
Rb 

Conversion Factor 
0.04990 
0.08226 
0.04350 
0.02557 
0.05372 
0.03640 
0.01639 
0.03333 
0.02082 
0.02821 
0.01613 
0.02174 
0.03159 
0.27750 
0.02283 
0.03060 
0.11119 
0.05544 
0.01456 
0.33288 
0.01251 
0.01779 
0.03394 
0.03148 
0.05264 
0.99209 
0.05880 
0.00788 
0.14411 
0.01170 
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ASCII FILES- EXAMPLES 

GUARICO 
Ex.am pie of a line file 

(a river). The'fU"St line 
(beader) is nota part 

ofthe me. 

X Coordinate 
672327.68700000 
672175.68700000 
672210.68700000 
672457.68700000 
672540.68700000 
672367.68700000 
672282.68700000 
672537.68700000 
672610.68700000 
672987.68700000 
673195.68700000 
673057.68700000 
673247.68700000 
673535.68700000 
673897.68700000 
67 4237.68700000 
674337.68700000 
674067.68700000 
673997.68700000 
673870.68700000 
673510.68700000 
673117.68700000 
672930.68700000 
673002.68700000 
673177.68700000 
673017.68700000 
672712.68700000 
672515.68700000 
672575.68700000 
672857.68700000 
673002.68700000 
673257.68700000 
673462.68700000 
673205.68700000 
673342.68700000 
673570.68700000 

Y Coordinate 
970824.2.5000000 
970572.25000000 
970399.25000000 
970604.25000000 
970307.25000000 
969797.25000000 
969622.25000000 
969119.25000000 
969004.25000000 
969432.25000000 
969052.25000000 
968689.25000000 
968517.25000000 
968509.25000000 
968989.25000000 
968362.25000000 
967899.25000000 
967649.25000000 
967559.25000000 
967364.25000000 
967297.25000000 
967222.25000000 
967219.25000000 
967437.25000000 
967689.25000000 
967897.25000000 
967592.25000000 
9é7367 .25000000 

. 9b7012.25000000 
96677 4.25000000 
96"592.25000000 
966827.25000000 
966687.25000000 
966262.25000000 
965977.25000000 
96:>7 44.25000000 



ASOI FILES- EXAMPLES 

673682.68700000 
673670.68700000 
673920.68700000 
673747.68700000 
673130.68700000 
673295.68700000 . 
673377.68700000 
673372.68700000 
673152.68700000 
673155.68700000 
673862.68700000 

RANDOMDATA 
FILE EXAMPLE 
The first line 
(header) is not a 
part of the file. 

X Coordinate. 
665000.0 
659000.0 
643300.0 
639300.0 
657900.0 
660000.0 
663600.0 
657800.0 
654863.0 
675800.0 
668100.0 
657700.0 
645300.0 
640700.0 
651500.0 
653200.0 
657800.0 
662200.0 
632600.0 
662400.0 
665000.0 

Y Coordinate 
958000.0 
959900.0 
965700.0 
965700.0 
949000.0 
953500.0 
95a300.0 
945300.0 
938521.0 
962300.0 
954200.0 
964800.0 
955000.0 
961600.0 
955800.0 ·.' 
966400.0 
967800.6'·, 

967700.0 
959000.0 
967000.0 
958000.0 

966107.25000000 
966444.25000000 
966294.25000000 
965404.25000000 
965314.25000000 
965077.25000000 
964637.25000000 
964417.25000000 
9M372.25000000 
963887.25000000 
963927.25000000 

Z Coordinate 
83.31000 
83.90000 
81.82000 
8150000 
80.00000 
79.00000 
78.00000 
80.00000 
76.30000 
8550000 
8250000 
8520000 
77.70000 
79.65000 
8150000 
87.05000 
8325000 
89.40000 
75.00000 
85.00000 
83.31000 

Wellldenl 
EI_Frio 
P·184 
P-540 
P-543 
P0-1 
P0-2 
P0-3 
P0-4 
P0-5 
SRRG-10 
SRRG-11 
SRRG-15 
SRRG-18 
SRRG-;•.1 
SRRG-24 
SRRG-28 
SRRG-3 
SRRG-4 
SRRG-40 
SRRG-5 
SRRG-7 
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669000.0 
661100.0 

PUMPING TEST 
DATAFILE
RECOVERY 

· Tbe fmt line must 
contain O for the time, 

O for tbe drawdown, 
and tbe pumping rate. 

Tbe second line must 
contain tbe total 

pumping phase time, 
tbe total drawdown at 
the moment when tbe 

pump was shut off, 
andO for the pumping 

rate. Zeros for tbe 
pumping rate need not 

be typed after tbe 
second line. 

Tune (min) 

0.00 
240.00 
241.00 
242.00 
243.00 
245.00 
247.00 
250.00 
255.00 
260.00 
270.00 
280.00 
300.00 
320.00 
340.00 
380.00 
420.00 

959200.0 
966800~0 

8435000 
89.15000 

Residual 
Drawdown (m) 

0.0000 
1.0000 
0.8900 
0.8100 
0.7600 
0.6800 
0.6400 
05600 
0.4900 
0.4500 
03800 
03400 
0.2800 
0.2400 
0.2100 
0.1700 
0.1400 

SRRG-8. 
SRRG-9 

Pumping Rate 
(m3/day) 

2500.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
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ASCII FILES- 'EXAMPLES 

Master Data Input/Output File~ produced by tbe Master Application's option 
Write to S'ID ASen Output. 

<Wcll-> e . > <-> CJ..a:olily> co.-> CX> <Y> <Z> <ZM>·<DioootC....,;•> <1),ooot_..,_.> 
<k .............. -.,.: > <Dñlld -.,.: > <e::.:-.:> <.....,..111)': > ... 
!120.00 

a-2 
m.ao 

D06.00 
--~,oo;;;.ao;;;-------::;~;:;;¡¡:~-¡;¡¡loil ___ ....,.._ __ ..__-.__ D.t.O_Drilloor_ ., ___ '-._IL_ 

uoo.oo 
100.00 

lbe imponant things to remembc:r when creating such a file using a tcxt ptucessor m the 
following: · 

1. The top 1ines (one or more) of the file, the "beader" lines, must contain ficld names 
within square brackets. 

2. The sequence of ficld names is not i.mpoua.nt, but it must be CX'nsistent with the data 
columns that follqw. 

3. lbe ficld names must be typed cxactly the same as tbey are entJ:red into the file structure 
for that particular appli.cation. This means the spelling must be cmrect and upper and 
lower case rule must be honored. 

\ . 4. The data li.nes must contain an equa1 numbcr of data columns as specified in the header 
line(s). 

5. The length of data columns depends on the type of data. For charactc- type the data 
column should consist of cxactly the same number of charact.crs as specifi.ed in the file 
struc:tun:. E.g., if the ficld name "lnvestigation by" is specifi.ed as a field of 20 
charact.crs, the data column must have exactly 20 chara.cters. Add the character undcrline 
U to fill the ficld. In the cumple above, the ficld for "Investigation by:" is typed as 
Dames_&_Moore , making it 20 chara.cters long. For numeric values the length 
of the field is not i.mportant as long as there is at 1east one blank field before and aftcr 
the numeric value. lf there is no data (value) for a parametcr you should type :.me 
underli.ned U charactcr instead the value. 

6. In character-defined field names, such as Investigiui.on by:, if there is more than one 
word, the words must be connected with one or more underli.ned U charact.crs. In other 
words, GWW intcrprets a blan.k space as the end of the previous field and beginning of 
the next field. 

7. The number of characters that you may use in defining a field name is limited to 20. For 
this reason, in the chemistry file which follows, the word FluorotriChJ.oromethane was 
reduced to Fluorotrichloromet. 



Chemical Data Input/Output as produced by tbe Chemic:al Applic:ati~'s optir 

Writc to S1D ASCII Output. 

<Wcll-> <De~> <llaiiiW-> <<=--> <-..,> <-> <Z.:> <-> <..,_> <~> <~> 
<t..l> c....-.> <t.l.l·Ttillllw > <1.1.2-,.._ t > <1.1 D'&' > <1.14'f '' · > <Un· S: 1 > 
<l.l·n;;· > <CUanñra> cT-...> <2-N rtn:y-2-eeiiiJIIW> <1-<2 !frt '''; o> <J..Q·~-1....,..> 
< > < > < . .cid> <N'' 5; N . ...,..> <T > <..._> <lllb > 
<0: · > <Tcu:ab;* · > <", S 1iw a.krilt> <T. > ~> <.._> <t' IBikPR' > <2 E > 
<Cirbca ~> <~u--a> <T > <V-.t aklrida> <fb::uw· !' > <~> <O; ' ' > 
<~> <1-Mall:ly¡....._.> cc,.-1 : > <2 u a ;IP > <11)*_._ C'111M> e~ e, , · > e~ 
Hc:DE> <2......,.J&a.c> <ll)*wu:buaaRll> cur· G > < . . > <Dilaict> <~> <0...> <X> <Y> <Z> 
<ZW:> cn.at > <1)poaf ·><k azaCaiaa IIJ:> <Wiil.r.> ce t> <......,.S~> 
a.1 __ .u2._1990_ _ ~-cm JllllD.ClllO 

SlOO.IIIO 
o66.m 

9211.00 100.00 
... __ _ 

__.a_...__ Dotii_Prillooc_d ___ '-._IL_ 

1ICIO.Cll10 2ICIO.CIIl 

-. -
--~1;;;CI0.;:-;:;00;--------<U1/90=::-~.::.-:8ail""'"'_-=_.,..O&:-w:-. ---=---_"".a""_-:-,,-, -.---..,DotO="""_"'~""='· -_-_..,._.,.,_~_1 :;_ 

_______ ..... _a.w;a_.a_ 

Lithologic Data Input/Output as produced by tbe Chemical Applic:ation's option 
Write to SlD ASCII Oulput. 

WJ!U.,SUG-41 
x, 661100.00 
y,-.oo 
EUV' 1<5.00 
El..EVlo(, 17 .00 
CBWC7JIX' 0.50 
0 1 oo:::DY: 0.50 
CBT lJCXH: 0.40 
~ W.O 
~ 12..5 
Lna 

14.1(1) c::LA y 
17.1110 &A1'ID 
20.600 OllA VEL 
:U.200CU.Y 
41.ol00 OllA VEL 
41.700CU.Y 

HOU, 
10.000 0.500 
:14.200 O .lOO 
41.700 0.200 

CASINQ, 

10.000 O.oiOO 
:U .lOO 0.200 
41.700 0.100 

$CREEN' 
14.100 20.600 
so.aao co.ooo 

AHNtJUJS, 
10.000 Cl!loa!Nr 
41.7000WS 



\ 

ASCII mES. EXAMPLES 

In this file you may not change the labels on the 1eft side eDding with the colon. You may 
change the aljgnment of numeric values, that is the numbc:r of blank spares. 'Ibe c:odcs undcr 
entrics LITH: and ANNULUS; must be consistent with c:odcs coutainetl in the .DLT fil=; that 
you intend to use in the data base. 

Pumping test ASCll file contains only ttie timeldrawdown!pumping me data. Other 
information about a test you must input manually (dis!ance. to the observation wcll, type of 
aquifer, partial penetration parameterS, etc.). One example is xepnlduced below. 

3.110 0,2!110 220.110110 
5.110 0.6990 220.CXOJ 
I.CIO 1~ 220.CXOJ 

12.110 2.0990 ZIO.CXOJ 
20.110 3.lll10 220.CXOJ 
20.110 UOIO 220.CXOJ 
30.110 U OliO 220.110110 
31.110 •• '10110 220.CXOJ 
117.110 5.1000 220.110110 
SO.IIO 5.3000 220.11000 
60.110 5.7010 :Z:ZO.CXOJ 
10.110 6.1010 220.CXOJ 
10.110 6.3010 220.110110 
90.110 6.7010 220.110110 

1110.110 7.110110 220.CXOJ 
130.110 7..5010 :Z:ZO.CXOJ 
160.110 1.2!110 220.CXOJ 
2GO.IIO 1.5CDO 220.CXOJ 
:1010.110 9.211110 220.110110 
~.110 9.6990 220.CXOJ 
310.110 10.2010 220.110110 
5110.110 10.1990 220.CXOJ 

Again, it is not impox tant to have the data lines aligned as in the example above .. Data must be 
separated by at least one space. 

Area ASCll File 
10110.110 10110.110 JO 
1110... 10110.110 51 
1110... ftl.%2 52 
1111730 ftl.%2 .!J 
11117..].0 lloll.%2,. ' .,,,,';< lloll.%2 55 
1159 ..].0 771.%2 56 
1077.1W 7'71.%2 57 
1077 .llol 91•.62 SI 
10110.110 , • .62 59 
1000.110 10110.110 JO ,. 

This is a simple file which contains two columns: z and Y coord.inates. The 1ast line's 
coordinares must coincide with the first line's coordinates. The file must termínate with 1•. You 
~Y ha~e two or more areas within the same ASen file. Each area is separ.ued from the next 
With a line containing the combination ¡•. . 
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ASCII FILES- EXAMPLES 

. Text ASCII File (tor mapping application) 

"SOLVENT BUILDING" 1020 970 
10 o 17 49 o "Palton" o o o 1 o o 

'Ibe format of tbis file is e:aplained in Chaptcr 15, scction 15. 7.6. 

D-IO 

An ASCII tcxt fi).e with more than onc line of tcxt is Iep:toduc:ed ~ow. h stores the infonnation 
on labeling lithologic cross sections on a map. Thcre lile 3 cross sections identified as Nortb
South, NW-SE, and West-East. 

._.. lliD 100 
tDD17~o-·ooo too 
"NNilnr' 1210 1000 
tOD1709o-..-•ooo too 
~965915 1 

too17~o-·oDD IDO 
"BMT" 1:1<'7 192 
tDD17~o-..-·DDD tDo 
•sotrJ'Ir um7.50 

1 

toot7~o-·DDD too 
"SE" 1%!5 7110 
1DOJ7~0-"DDD IDO 

Grid File. This is a portien of a grid file. 'Ibe important thing to remember is the number· 
of rows (NR) and columns (.NC) in a grid model. 'Ibe file must contain NRxNC values. Tht.. 
may start from the lowermost row or from the uppe:tmost row, sino:, whcn input into GWW the 
program .will ask first whcthc:r the ordc:ring is from Ymin to Ymax, or the othc:r way around. 
The numbc:r of decimal points is not impcntant, neithc:r is the alignm=:~t of data columns, as long 
as the dala lile separated by at least one space. 

75.9019 7:1."'2 71.'l'91o4 71.9CIZ7 ?l.IIIJ'9 
71.6SC1 71.:M'71 71.le17 71.1DC 71-lOC 
71.3l.W 71Ala2 71.s%75 70..014 70.51.59 
70.72SI 70.957<5 71.2161 71!!1113 71.l017 
71.6U1 70.97.1S 73.1111& 75ST'Z2 7:1.1195 
75 ..... 111.012!> ,..am 75.5111 7:1.117M 
7<M13 73.7314 73.GI79 ~ 71.7l09 
71»TT 70.9110 70.67lot 70A'J99 70.306 
11J.ll49 70.2150 71.5121 71.71M 67.9712 
1"1.~ 67.90E7 67.1712 67.1301 67.7950 
75.8661 75.9112 71.1W 71AM3 71.6143 
7!.~ 71.3211 71.%%ll6 71.5113 71.41 .. 
71-'W 71.61113 70Ao1Cl 70.GID 70.7216 
70.9397 71.JIJ.t 71A500 7U<OI5 72.~ 
71.1916 73.9599 1<.leU 7<.7M2 7:1.-
16Rn 16A075 11i.sm 11i.l016 7:1.nl9 



APPENDIXE 

'-

Severa! ASCII files with extension .dlt (stands for Define 
Liithology) have spedal meaning in the GWW package. 
These files are: · ·-

• SCREEN.DLT, 

• U1H.DLT, and 

• ANNULUS.DLT. 

The files with the default extension .dlt contain prepro
grammed symbols for various lithological units, for well 
screeri; and for materials filling the annular space be
tween the drilled hole and casing. You can use these 
symbols without modifi~tion, or you can make your 
own. 

Each symbol is defined with symbol name, which is the 
first word in a .dlt file (e.g: CLAY, SIT.T; up to 10 charac
ters, sensitive to the case of letters, that is upper case and 
lower case are not the same), and description which will 
show on the printed log. This is one or more words after 
the symbol name. 

The file SCREEN.DLT is the shortest and.is fully repro
duced below. 

SCREEN Sa.en 

22255255127000 

2 0.00 LOO 

10.00 2.00 
21.00 0.00 

11.00 LOO 
• 
EMPIYF.mpty 
1010255255191000 
2 0.00 0.00 

In this file there are only two symbols; one for screen de
fined as SCREEN, the other for blank casing defined as 
EMPTY. You must not change this file's coded names. __ 
You may change the way in which a symbol is designed. 

·-· 



E-2 _ UTHOLOGICAL SYMBOLS 

The file ANNULUS.DLT is also fully reproduced below. 

CEMENT CONDUCfOR\PIPE 
4.6 3.9 255 191191 U7 o U7 
20.30 
150 
2005 
1505 
201.1 
14.91.1 
201.8 
14.91.8 
202.4 
14.9 2.4 
203.1 
153.1 
203.7 
153.7 
• 
CLAYH CLAYhard 
3 1 U7 255 63 191 63 63 
2005 
00.81 
11505 
02.30 
1305 1 1 

• 
GWS GRAVEL pack \grave! & sane! 
4 5 63 255 255 63 o 127 
204 
015 
124 
013 
104 
221 
032 
141 .. 030 

. 121 
212 
1U2 
233 
13.13 
2051 
10.61 
2225 
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12.12.5 
234 
13.14" 
20505 
10.605 
• 
SANDSAND 
2 2191255 255 o o 127 
200 

_1 0.30 
10.30.3 
100 
211 
11.31 
11.3 1.3 
111 
21.305 
11.405 
11.30.6 
2 0.31.1 
1 0.4 1.1 
1 0.31.3 
2 0.715 
10.915 
1 0.91] 
1 0.71.7 
2 0.8 0.2 
10.7 0.4 
1 0.8 0.4 
10.8 03 
21.71 
11.6 1.2 
11.71.2 
11.81 
21.615 
115 1.6 
11.71.7 
11.715 
2 0.4 0.6 
1 0.4 0.8 
10.60.7 
2 0.1 1.6 
1 0.1 1.7 
1 0.2 1.7 
2 1.6 0.1 

I.ITIIOLOGICAL SYMBOLS 
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11.6 0.3 
11.7 0.3 
• 

LITHOLOGICAL SYMBOLS 

This file contains severa! symbols that may be ~d to fill 
the annular space between the walls of the drilled hole 
and casing. You may add more symbols, rename codes 
and type another description 

Only a portien of the file UTH.DLT is reprod uced below. 
This file contains codes and description for lithological 
units that may appear on a welllog. 

CLAYCLAY 
3 1.5 255 255 191 255 o o 
2 0.000.75 
00.751.50 
11.500.75 
02250.00 
13.000.75 
• 
SILTSILT 
2 2 255 255 191255 00 
200 
111 
• 
CWIOS CLAY with interbeds of sand 
3 4 255 255 191127 o 63 
202.9 
00.83.6 
11.5 2.9 
o 2.3 2.1 
132.9 
2 o 1.4 
00.8 2.1 
11.5 1.4 
02.3 0.6 
131.4 
20.20 
1 0.4 0.2 
21.2 o 
1 1.4 0.2 
2 2.2 o 
12.4 0.2 
• 
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DOLO DOLOMITE 
3 4191255 127 o o 63 
201 
131 
203 
133 
20.33 
102 
232 
12.71 
2123 
1154 
2150 
11.8 1 
• 
GRAVELGRAVEL 
4 5127255 255 o o 127 
204 
015 
124 
013 
104 
221 
032 
141 
030 
12 1 
212 
11.12 
233 
13.13 
2051 
10.61 
2225 
12.125 
234 
13.14 
20505 
10.605 
• 
GWS GRAVEL with sand 
5 191 255 255 o o 127 
204 
015 
124 

LITHOLOGICAL SYMBOLS 
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• 
í.IME LIMESTONE 
34255255191000 
201 
131 
203 
133 
201 
103 
2150 
1151 
2153 
1154 
• 
R()Q(1 Rock1 
2 2 255 255 255 00 o 
201 
121 
• 
R()Q(Z Rock2 
11255255255000 
2005 
1105 
• 
R()Q(J Rock3 
05 05 255255255 000 
2 00.3 
105 0.3 
• 
R()Q(4 Rock4 
2 2 255 255 255 000 
2 051 
1151 
2115 
1105 
• 

• R()Q(S Rock5 
11255255255000 
2 0.3 05 
10.8 05 
2 05 0.3 
105 0.8 
• 
R()Q(6 Rock6 

.5'15 



E-7 

3 3 255 255 255 o o o 
2 11.5 
121.5 
2 1.5 1 
11.5 2 
• 

. ROCK7 Rock7 
-22255255 255 00 o 
2 0.5 1.5 
111 
211 
11.5 1.5 
• 
ROCI<B RockS 
3 3 255 255 255 o o o 
2 00 
133 
• 
ROCK9Rock9 
22255255255000 
200 
122 
• 
SANDSAND 
2 2191255 255 o o 127 
2 00 
1 0.3 o 
1 0.3 03 
100 
211 
1 1.3 1 
1 1.3 1.3 
111 
• 

LITHOLOGICAL SYMBOLS 

The meaning and creation of symbols will be explained 
using simple examples from the file LITH.DLT. Take for 
example the symbol for SILT. The block for silt is copied 
here below. 

SILTSILT 
2 2 255 255 191 255 o o 
200 

"546 
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111 
• 

The first line contains the code for silt "SILT", and the 
default description that will be typed in welllog if you 
do not override the default. (You can also modify this 
default by adding a word or more to Silt to better identify 
the unit. This will then become the default for SILT. Or, 
you may translate this word into another language, say, 
Spanish, in whlch case the word would be probably 
LIMO or POLVO.) The code may have up to 10 charac
ters. The description may be any combination of up to 
100 characters. You may break the description with a 
backslash character, \. This is the instruction to the pro
gram to start with the next line after the backslash char-
acter is encountered. · 

The second line contains two numbers whlch define the 
size of a block, followed by.six numbers that define the 
color of the background field and of the symbol itself. 
The philosophy of creating symbols is related to the size 
of blocks. One block is repeated in both horizontal and 
vertical direction in the log. One may think of small 
building blocks, such as bricks of exactly the same size 
and shape, whlch are laid on top and side one from the 
other to fill the whole space. The numbers 2 2 imply a 
square, so that any symbol defined in such a square shall 
be symmetrically repeated horizontally and vertically. 
We will demonstrate this concept la ter .. 

The six numbers defining the color are, in the following 
order, Red, Green, Blue (RGB) for the background, and 
Red, Green, Blue (RGB) for the syrnbol. Remember that 
the number O is black, and the number 255 whlte. The 
combination 255,0,0 is red; the combination 0,255,0 is 
green; the combination 0,0,255 is blue . 

. The combination 255,255,191 is interpreted as light yel
low background, while the combination 255,0,0 is red 
symbol for sil t. 

The block for silt, as well as any other symbol, termina tes 
with •. Between the second line and the asterisk sign; 
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there may be one or many lines. The first number in ea eh 
su eh line can be 2; 1 orO. The number 2· defines the start
ing point, number 1 means "connect this point with the 
previous", number O means "make an are through this 
point without actually passing through it". In the third 
line of the SILT block, the remaining two numbers (0,0) 
define X and Y coordina tes of the starting point within 
the block defined by 2 by 2. The number 1 on the next 
line is interpreted as "connect the starting point with this 
point", and the coordinates of this second point are 1.0 
and 1.0. When this is interpreted, the diagonal line ap
pears in the lower one half of the square, connecting the 
point with coordina tes (0,0) with the point with coordi
nates (1,1). Since the small block which defined the sym
bol is repeatedly used, the final appearance of this 
symbol is as is usually used for SILT. If yo u want to crea te 
a symbol for horizontallines widely spaced, such as the 
default symbol ROCK1, the design would be as follows: 

ROCK1 Rock1 (you may type something else) 
i 2 255 255 255 O O O (white background, black line) 
201 
12 1 
• 

This is equivalent to saying "draw a straight line from 
starting point with X, Y coordina tes (0,1) to ending coor
dina tes (2,1)", which is along the middle of the block of 
size 2,2. If you want denser horizontallines, the block to 
define should be smaller, and so will be the spadng be
tween repeating blocks. ·For example, 

ROCJQ Rock2 · 
11255 255 255 000 
2005 
1105 
• 

Very narrowly spaced horizontal lines can be obtained 
by assigning even smaller size to the block, say 0.5 by 0.5. 
Thus the design for ROCK3 may be as follows: 

ROCK3Rock3 
05 05 255 255 255 o o o 

548 
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2 00.25 
105 0.25 
• 

LITHOLOGICAL SYMBOLS 

This is interpreted as" eonnect the point with eoordinates 
0,0.25 with point eoordinates 0.5,0.25". 

In addition to eonnecting two points with straight lines, 
you may crea te an are between two points. This is done 
by inserting a line with the first number O between two 
lines starting wither with the number 2 or l. Suppose 
yo u want to crea te a sinusoidalline with amplitude 1.5 
and period 3.0. The block to define shall be 3 by 1.5. The 
fixed points should be at eoordinates (0,0.75), (1.5,0.75), 
(3,0.75). These will be the three lines with starting num
ber either 2 (for the first point) or 1 (for the remaining 
two points). The top of are shall be at the point (0.75,1.5), 
and the bottom of are at the point (2,25,0). Thus the block 
to define a sinusoidalline, which-rnay be used to de
scribe clay, rnay look as follows: 

CLAYC!ay 
315255255255000 
2 o 0.75 
o 0.7515 
115 0.75 
02.250. 
13 0.75 
• 

( 

By reducing the height of the block rrom 1.5 to 1.0 the 
waves will beeome more "ironed" and lines closer. For 
example, one may design the following block for schist 
or shale: 

SOilST Paleozoic Schist 
3 1.0 255 255 255 o o o 
2005 
o 0.751 
115 05 
o 2.25 o 
115 5 
• 
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You may connect.several points to create a circle, or any 
rounded or semkounded object. Let us create a design 
for semirounded fine grave!. Define this block as 3 by 2. 

SRGRAV Semi-rounded grave! 
32 
2 0.7 0.4 
10.715 
o 1.4 1.9 
11.9 1.4 
021 
11.605 
o 1.15 0.2 
10.70.4 
• 

As an exerdse, double the size of this block and crea te 
grave! grains in checkered position, i.e. second line 
shifted to middle between two grains in lines above and 
below. · · 

Now we will create a symbol for "Oay alternating with 
fine sand". Define block as 3 by 2.5, and use the upper 1.5 
units for clay (actually, duplicate the design of CLAY), 
and lower one unit for sand. Start with "Oay line" in the 
upper 1.5 units. The starting point will be at coordina tes 
(0.00,1.75), and fixed points at (1.50,1.75) and (3.00,1.75). 
The are should pass through the points (0.75,2.50) and 
(2.25,1.00). Thus, the upper part of the block would be as 
follows: 

3 25 255 255 255 255 O O (red line on white background) 
201.75 
00.7525 
1151.75 
o 2.25 1 
13 1.75 

The "sand" portien of the design will be in the lower 1.0 
unit, i.e. within the block defined by coordina tes 0,0; 0,1; 
3,1;3,0. The "sand" grains are created by connecting 
points through small distance. For example, 

200 
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10.1 o 
.. 2 0.5 o -· 

10.60 
210 
11.1 o 
etc. 

The final design for "Alternating bands of da y with fine 
sand" could be as shown here below. (In your file, this 
should be typed line after previous line, continuously, 
not in three columns.) 

ABOCWFS Alternating\bands of clay\withfine sand 

3 2.5 255 255 255 O O O (Une #1, followed by:) 

0.00 1.75 2 2.50 0.00 2 0.00 0.80 
0.75 2.50 1 2.60 0.00 1 0.10 0.80 
1.50 1.75 2 020 0.40 2 0.50 0.80 
225 1.00 1 0.30 0.40 1 0.60 0.80 
3.00 1.75 2 0.70 0.40 2 LOO 0.80 
0.00 0.00 1 0.80 0.40 1 1.10 0.80 
0.10 0.00 2 120 0.40 2 1.50 0.80 
0.50 0.00 1 1.30 0.40 1 1.60 0.80 
0.60 0.00 2 1.70 0.40 2 2.00 0.80 
LOO 0.00 1 1.80 0.40 1 2.10 0.80 
1.10 0.00 2 220 0.40 2 2.50 0.80 
1.50 0.00 1 230 0.40 1 2.60 0.80 
L60 0.00 2 . 2.70 0.40 • 
2.00 0.00 1 2.80 0.40 
2.10 0.00 

Of course, you may crea te symbols in an easier way, us-
. ing the On-Screen editing option in the Well Log and 

Lithology application. But for that you will need sorne 
practice. 

The important thing to remember is that the program 
will stop you from attempting to type a non-existing 
sy¡, ,;)üL In the Well Log and Lithology application you 
first tell the ¡:irogram which file with lithological symbols 
you are going to use, then you type depths and cedes. 

SS/ 
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PrinciPios ele modg/ec;on 

Balance de masa·-en un volumen de control 

ac¡. A q, + -u.r ._, 

Eric Morales Cesiaw 

¿Cuál es la tasa a la cual entra el agua en la dirección x? 

Ox = Vx 1 ~t = (pq)x ~Y ~Z 

Ox+AX = Vx+AX 1 ~t = (pq)x+AX 11y ~Z 

Análogamente, para las otras direcciones 

Oy =V y 1 ~t = (pq)y ~ ~ Oz = Vz 1 ~t = (pq)z ~~Y 

11X ~ Oz+t.z = Vz+t.z 1 ilt = 

Si reconocemos que (pq)x+L'>.X = (pq)x + ~(pq) x 

Entonces la suma de los componentes es (entradas- salidas en cada 
cara) 

~(pq)x ~y ~z + 11(pq)y ~X !1z + ~(pq)z ~X !1y .................... (1) 



Edc Morales Casiaue 

Cambio en la masa almacenada 

t1.V /t1.t = [t1.(n p} 1 t1.t] Llx t1.y D.z ................................ (2) 

Combinando (1) y (2) 

t1.(pq)x t1.y t1.z + Li(pq}y t1.x D.z + t1.(pq)z Llx t1.y = [t1.(n p) 1 t1.t] Llx t1.y D.z 

Dividimos por t1.x t1.y t1.z 
y tomamos el límite cuando t1.x~o. t1.y~O. t1.z~o. t1.t~O 

a(pq) a(pq) a(pq) a(np) . -... ··------ + ----- + ----- = ............ (3) 
ax . ay az at 

En notación vectorial V'·(pq) = a(np)/01: 

Considerando: 
a) la Ley de Darcy q = - K· V'h 

b) que p = cte (x,y,z) 

e) que a(np)/at = Ss ah/01: 

d) flujo orientado en las direcciones principales de K 

La ecuación (3) se transforma en 

-~- (K f!h) + ~- (K !!_~ J + _?__:(K ah) = S.s ah (4) ax X ax . ay )' ay ai . z az at • • • • • • • • • • • • 



Princioios de modelacion Eric Morales Casioue 

Otros casos especiales _ 

Medio homogéneo e isótropo 

Medio homogéneo y anisótropo 

Estado estacionario (8h/ot = O) 

Integración en la vertical, acuífero confinado (2-D) 

_ ~(r ah)+~(r ah)=sah ax X ax ay y ay at 

ln•egración en la vertical, acuífero libre (2-D) 



Principios de mode/ación 

Condiciones de--frontera 

a) Tipo 1, carga conocida o de Dirichlet. 

h(x,y,z,t) =función o valor conocido 

b) Tipo 2, flujo conocido o de Neumann 

Eric Morales Casique 

q(x,y,z,t) =- K·V'h flujo conocido -+ gradiente conocido 

e) Tipo 3, frontera semipermeable o de Cauchy 

q(x,y,z,t) = - K' (ha- h) 1 L 

h = ha- (L/ K') K-Vh 

d) Superficie libre (nivel freático) 

e) Lloraderas (seepage face) 

f) Condiciones iniciales (para problemas transitorios, frontera en el tiempo) 

Seepoqe loe e ( ••z ) 

lmperYiOus 
N 

Figure 3.14 

Cro)'¡,~ M."':tion of thc i~bnd n .. 'l:h.IQ!C pruhlt:m for um:onlincd conditions. 



tntrpduceiQa a la mocle!I!OOn nurnérjCB en aguas subtemlneas EMC 

1. INTRODUCCIÓN · 

¿Qué es un modelo? 

Modelo: cualquier dispositivo que representa una aproximación de un fenómeno o· 
situación natural (forma, material constitutivo, funcionamiento, procesos, ... ) 

Físicos Tanques de arena 

Viscosos (HeleShaw) 

Modelos Analógicos Eléctricos (Ley de Ohm - Ley de Darcy) 

Elásticos (ley de Hook) 

Solución analítica 

Solución numérica 

Problema bien planteado: 
a) Ecuación diferencial que gobierna el fenómeno 
b) Geometría del problema 
e) Parámetros y propiedades 
d) Condiciones iniciales (problema transitorio) 
e) Condiciones de frontera · 
f) Ecuaciones constitutivas (de ser necesario) 

Soluciones analíticas 
Ventajas 
• Continuidad en el dominio de la 

solución (no existen errores de 
interpolación) 

• No existen problemas de 
convergencia, estabilidad 

:Jesventajas 
'• Problemas de geometría y 

· condiciones de frontera sencillas, 
• . por lo general propiedades 

homogéneas 
• Soluciones en series -+ errores de 

redondeo y truncamiento 
• Funciones trascendentes, especiales 

-+ evaluación numérica 
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Soluciones numéricas· 
Ventajas Desventajas 

• Manejo de dominios irregulares y • Errores por la discretización, en · 
condiciones de frontera complicadas espacio y tiempo 

• Manejo de problemas heterogéneos • Problemas de estabilidad y 
y anisótropos convergencia 

• 

Programa de 'computadora o código: co~junto de comandos para resolver 
numéricamente, mediante la computadora, un modelo matemático 
(MODFLOW, PLASM, AQUA3D, MT3D, SUTRA, HST3D, ... ).Un código es 
escrito una sola vez (es genérico) y es actualizado en· caso de que se 
requiera incluir un mejor esquema . de resolución de las ecuaciones 
algebraicas, ambiente más amigable, una subrutina especial para manejar 
un cierto tipo de condición de frontera, ... 

Modelo: Un modelo se diseña y construye para cada aplicación de modelación a 
. un sitio o problema específico. Incluye un conjunto particular de condiciones 
iniciales y de frontera, una malla definida, parámetros hidrodinámicos 
característicos del sitio y un conjunto de esfuerzos hidrológicos definidos. 

Apreciación de los modelos: 
a) A favor: esenciales para analizar problemas complejos y para efectuar 

predicciones cuantitativas sustentadas en información 
b) En contra: demasiado idealizados o simplificados ya que requieren 

demasiados datos para alimentarlos. Carecen de certidumbre científica -+ 
nunca puede probarse con certeza que son realmente correctos 

Problema: Para modelar tridimensional mente una región se utilizan 1 O capas de 
100 celdas cada una (10 x 10 x 10) ¿Cuantos parámetros hidrodinámicos son 
necesarios? ¿Cuántas pruebas de bombeo·necesitamos si las celdas son cúbicas 
de 300 m de lado? 

1000 x 4 (Kx, Ky, Kz, Ss) = 4000 
1000 x 5 (Kx, K y, Kz, Ss, S y) = 5000 
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¿Cuándo y cómo usar un modelo? 

Tipos de aplicaciones en la modelación (Anderson y Woessner, 1992) 

Tipo de Descripción Ejemplos 
aplicación 
Predicción Predicción de. una condición futura Karanjac et al. (1977) 

ante una acción o conjunto de Andersen et al. (1984) 
acciones. Modelos de la CNA 
Requiere calibración. -

Interpretativas Como un marco conceptual para Jamieson y Freeze (1983) 
estudiar la dinámica de un Krabbenhoft y Anderson 
sistema y/o ensamblar y organizar (1986) 
los datos de campo de un sitio Ortega y Farvolden (1989) 
específico. . . Morales (1996) 
La calibración no es 
indispensable. 

Genéricas Usados para analizar la dinámica Toth (1963) 
en sistemas hidrogeológicos Freeze y Witherspoon . 
hipotéticos. (1967) 
La calibración no es Forster y Smith ( 1988) 
indispensable. Carsel et al. (1988) 

Relación Costo - Beneficio 

Dada la cantidad de horas-hombre y de información requerida para elaborar un 
modelo, es necesario contestar las siguientes preguntas antes de iniciarlo: 

a) ¿Qué tipo de modelo se necesita: para predicción, para ser usado en un 
sentido interpretativo o es un ejercicio genérico? 

b) ¿Qué se desea aprender del modelo? ¿Qué preguntas debe responder el 
modelo? 

e) ¿Es la modelación la mejor manera de responder tales preguntas? 
d) ¿Es suficiente un modelo analítico para responder las preguntas o es 

necesario un modelo numérico? 

Las respuestas determinan el esfuerzo de_ modelación: estacionario o transitorio, 
1 D, 2D o 3D, analítico o numérico, etc. 

Prickett, 1979. Groud Water 5( )38-46. Ground-water computar models- state of 
the art. (discute el maluso de los modelos) 

. ' 
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McLaughlin y Johnson, 1987. Joumal of Water Resources Planning and 
Management 113(3)40~21. Comparison of three groundwater modeling 
studies. (El uso de la solución de Theis en la solución de un problema de 
bombeo de un acuífero) 

Conclusión: el uso de los modelos se justifica cuando el problema es complejo 
(geometría irregular, heterogeneidad, condiciones de frontera complicadas y 
superposición de múltiples efectos) de manera que las soluciones analíticas son 
rebasadas. Sin embargo, de acuerdo al resultado deseado o al tipo de aplicación 
será el nivel de complejidad del modelo y la cantidad y calidad de la información 
necesaria. 

Consideraciones: 
• la modelación es únicamente un elemento del análisis hidrogeológico y no un 

fin en sí mima 
• debe quedar claro, ya sea antes o después de la modelación, si es que los 

datos son inadecuados para soportar los resultados del modelo 
• en ese caso tales resultados no deben ser usados o al menos deben ser 

presentados con los calificativos adecuados (ética profesional) 
• los paquetes gráficos actuales y los códigos de computadora son relativamente 

fáciles de usar y los resultados son presentados de una forma 'impresionante' 
(muy bonitos) aun cuando los datos de entrada sean de mala calidad o 
escasos 

• si se sabe de antemano que la modelación no rendirá resultados útiles, se 
debe recomendar no embarcarse en una modelación costosa · 

• si legalmente es obligatorio efectuar una modelación, la ética profesional 
requiere que a la par con el diseño del modelo sea generada la información 
necesaria 

··.-::-..: 



Pr1nciDios de 17!0delacj()n Eric Morales CasiQue 

Ecuación de·continuidad 

Derivadas parciales: cuando una variable (temperatura, carga hidráulica, 
concentración de un soluto) depende de más de una variable 
independiente (x, y, z, t) 

Ejemplo: mapa topográfico, x, y -+ variables independientes 
z o elevación -+ variable dependiente 

Pendiente del terreno en la dirección x -+ cuanto cambia z conforme nos 
movemos en la dirección x 

S!ope of tangent 
oh 

=-

ot 
at the time t = t, 

h 

Con tour map in z, V plane, ehowing 
lineo along which E is constant 

ll 

Plot of E venus :z: 
for 11 = 11, ;Slope of 

. tangent ls oE at 
'O:z: 

the point z,, Vr 

Hydrograph of 
ob!:ervation well 

"'• 

z. z, % 

Plot of E versus 11 
for :z:=:z:,;Siope of 

o E 
• tangent ls - at 

01/ 
the point :a:1 , 111 

Potentiometric Observation wella 

•<•ce ~ / ""' 
' ', 

------
0% 

the point z = %1 

• 
• 1 
1. 

L---ti---- Time, t 
' ---+-----Distance,% :z:, 
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• ,.- Well field 

" 
. · • .. ·· 

• Ob\trv:ation well 

' ' 
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Finitc di!Tcrcncc and finitc clcmcnt rcprcscntations oran aquifcr rcgion. 
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boundary 

{al ~hp "icw of aquifcr showing wcll ficld, obscrvatit.u wells. and boundaries. · 
lhl Finitc di!Tcrcncc g.rid with block·ccntcred nodes~ ;¡here A.T is the spacing in the t 

dircclion. óy i~ thc spacing in thc y dircction. a.1d bis ~he aquifer thickness. 

o Sourcel~ink notle 

o Sourccl'>ink nodc 

{e) Finitc di!Tcrcncc grid with mesh-ccntcrcd nodc~. 
(d) Finitc clcmcnt mesh with triangular elcmcnts whcrc h i~ the aquifcr thiclnc<.\. 
(Adaptcd from Mcrccr and Faust. 1980a.) 



Geol o¡;y 627 
Finite Difference E::prcssion for ~ R 

LaPlsce's Equstion ~ 

• o 

hi+l,j-2hij+h1-l,j 

(6x)2 

h1,j+l-2hij +hi, j-1 

(6:.:)2 

• 
1-l,j 

• i,j+l , ... 6x 
·, •· .. ij i+l,j 

• 
i,j-1 

Therefore, the finité difference expresaion for LaP1ace 1 s equation ia: 

hi+l,,-2hij+h1-1,j 

(t.x)2 

If Llx • Llz 

+ 
h -2h +h 
i,j+l ij i,j-J;. ¡, o 

([lz)2 

This is the sace sa eq, 5.24 in F & C (p. 161), 



1 

llx 

+ 

or 

A finite differencc exprc:.~sion·_is wri"tt-~n for ~eh node in the grid. The 
resu1t is a s~t of·a1gebra1c equntio~. 

The approach is readily extended for p:overn:!.uc eq..ations which allow 
heterogeneous and anisotrop:!.c con~itions.-

a( K ah) ai xai' + a ( ah) - K - • GZ z az o 

(·." hi+11j-h11 ) - ( h -· ) ' 
K ij- i-1,1 

llx xi-1,j /J.x 

1 ~ •., •,,,.::··JJ ( •. . ·ij-•l,j-1 ~ • o 
óz i,j-1 óz 

(~)' f.,, ,., .. , ,-•,, )-"··-·· j ,.,, -··-•.i) 
+ ":'' t., <•,,, .. -•,,) -•.,,,_, <•, '•,,,_.] • ' 

¡ Finite difference equalions can a1so be written for transient equations. 
A discrete ~~~~ st~p (ót) is defined; a set of a1gebraic eq. is eolved 
for each time step as the so1ution is "stepped through tme". 
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/ntrrxlucci6n a la mode/aci6n numérica en aguas subterrtmeas EMC 

Protocolo de modelación 

1. Establecimiento del propósito de la modelación. Incide en la EDP a resolver y 
el código seleccionado. 

2. Desarrollo del modelo conceptual del sistema. En esta etapa es altamente 
recomendable una visita de campo pues mantiene al modelólogo ligado a la 
realidad y ejerce una influencia positiva en las decisiones subjetivas que serán 
tomadas durante el estudio de modelación. 

3. Selección de la ecuación diferencial parcial que gobierna el fenómeno y del 
código de cómputo a utilizar. Ambos, ecuación y código, deben ser 
verificados. Se debe verificar que la ecuación describe físicamente los 
procesos físicos (y en ocasiones químicos y biológicos) que ocurren en el 
medio poroso. La verificación del código se refiere a la comparación de la 
solución numérica con los resultados de una o más soluciones analíticas o 
numéricas (ya verificadas). 

4. Diseño del modelo. El modelo conceptual es utilizado para 'reproducir' 
computacionalmente la situación de campo. Incluye el diseño de la malla, 
selección de los periodos de esfuerzo y pasos de tiempo, establecimiento de la 
frontera y de las condiciones de frontera, selección de las condiciones iniciales, 
distribución preliminar de los parámetros hidrodinámicos y los esfuerzos 
hidrológicos (recarga, ... ) 

5. Calibración. Consiste en encontrar un conjunto de valores de los parámetros 
hidrodinámicos y los esfuerzos hidrológicos de manera que el comportamiento 
del modelo reproduzca la situación en campo en términos de las variables de 
estado seleccionadas (carga hidráulica, concentración, temperatura, flujos de 
masa, de calor). . 

6. Análisis de sensibilidad de la calibración. La incapacidad de definir 
exactamente la distribución espacial y temporal de los valores de los 
parámetros, condiciones de frontera y esfuerzos hidrológicos en el dominio del 
modelo originan que exista incertidumbre en sus resultados. El análisis de 
sensibilidad es realizado para determinar el efecto de la incertidumbre en los 
resultados del modelo calibrado. 

7. Verificación del modelo. Se refiere a verificar si el modelo calibrado 
reproduce un conjunto de datos independiente del utili7'ldc:- en la calibración. 

8. Predicción. Se trata de predecir el comportamiento del sistema ante eventos 
futuros. El modelo es corrido con los valores calibrados pé'·a los parámetros y 
esfuerzos, . excepto para aquellos esfuerzos que se es,)era cambien en el 
futuro. 

9. Análisis de sensibilidad de la predicción. Es realizado para cuantificar el 
efecto de la incertidumbre en los parámetros sobre la predicción. Se utilizan 
rangos en los que pudieran variar los esfuerzos futuros. 

1 O. Revisión posterior. Después de varios años (tiempo suficiente para que 
ocurran cambios significativos en el sistema) se revisa si el modelo reproduce 
información· de campo que haya sido colectada recientemente. Si es así el 
modelo es validado. En caso contrario (o que existan cambios significativos en 
el modelo conceptual o los parámetros) el modelo es rediseñado y el ciclo 
inicia otra vez. 
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Processes of dispersion on a microscopic scale. 

MiJting in individual pares 

Porous 
mecia 

Water 
wtlh dssolved 

Mia~ng of pore channels 



-• ::1 

.2~c> --0' ... 
::lcu _u 
a.f -

-• = 2g-C> -;·: 
::l cu _u 
Q.O ... -

en -e: ... ·o 
cuc. 
u e: 
O o 

~-u 
cu -e: ·-

Average flow 

• 
(a) 

Kz 

( b) 

Average flow > 

Coarse lens 

• Higher 

K 
layers 

~ lenses 

:--~: ·; 

Comparison of advance of contaminant zones lnfluenced by · 
hydrodynamic.dispersion. (a) Homogeneou~ granular medium; 
(b) fingering caused by layered beds and lenses; (e) spreading 
caused by irregular lenses. 
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Si Fx = ffisoluto por u~ área en la dir. X por u. tiempo 

- . a::: 
. = v nC-nD ·· 

· X X a . -~ 

Para las tres dimensiones, la totalidad de msotuto entrante es: 

Fxdzdy + Fydzdx + Fz(lxdy 

·· . y la msoluto saliente es: 
' 

(Fx+ ¿ dx)dzdy+ Fy + ~ dy 

La diferencia entre msotuto entrante y .saliente es: 
. ! 

l. 

.. 8F. 
OFX y t3F'z dxd dz --""-.. + + y 
& 0; Oz 



La razón de cambio de ms~Iuto en el vol. diferencial es: 
.. , 

ce -na dxdydz 

Laec.1:1ación de advección-dispersión es: 
',• 

' '' 

8F. 8F. OF." te 
.x + Y+ z =-n-

óX 0' .. & a 
,, 

, · Su~stltuyendo las e~presiones para la advección y la dispersión: 
! . . !··· . 
1 .,. 

te --- a. 
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Para una sola dimensión ( e.g. eje X): 

· -!fe ~.ce re 
D. -V =-

X ó):2 X ó): a . ·' -,, .. 

Para el caso de un fenómeno de adsorción (S = KtJ0: 

t) 
' { 

. . . 

D &e_ v x fC _ p6 ;;s = t:c 
' X tZt2 . 0x n a a . 

S= masa adsorbida (M/M) . 
Kd = coeficiente de distribución (L31MM) 
Pb. =densidad másica (ML-3

) = ps(l-n) 
n = porosidad 
Ps = densidad de partícula 



¡. 

. Substituyendo: 

efe - éC K' {I-n) . 
Dx ~2 -Vx~=a 1+ n -pSKS 

. ' 
El f1tctor· de retardación R¡se define como: 

Ve= velocidad promedio del contaminante.LT-1 

. . . . 

~ 
·. Final~ente, la ecua ció~ ~e ,retardación es: · 

. . 
' 
' ' 
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LA GEOMORFOLOGIA Y SU IMPORTANCIA . . 
EN LA PROSPECCION GEOHIDROLOGICA 

Por medio delanálisis de los parámetros de las formas del 
. . 

relieve confrontado con aspectos geológicos, climáticos, 
hidrológicos, etc .. , la geomorfologia proporciona bases para 
·deducir a nivel cuantitativo, el comportamiento del agua en . . . . 

la superficie en cuanto a .la infiltración y escurrimiento se 
refiere y, a la vez, apoya la definición de modelos concep! 

tuates de sistemas acuiferos 

MUY IMPORTANTE: MEDICION DE LOS PARAMETROS 

DEL RELIEVE CON BASE EN LAS .D.IFEHENTES 

UNIDADES LITOLOGICAS DEFINIDAS. 



' . 

PARAMETROS GEOMORFOLOGICOS A DEFINIR 

1), TIPO DE AVENAMIENTO 
r; 

' : "-'... 

2) MAXJMO ORDEN DE CORRIENTES . 

3) DENSIDAD DE LA DISECCION DEL RELIEVE 
• 

4)' PENDIENTE 
. 

5) FACTORES QUE CONDICIONAN EL AVENAMIENTO 

6) RANGO DE ELEVACION 

7) AREA DE EXPOSICION 



TECNICAS DE PROSPECCION GEOHIDROLOGICA 

-METODOS GEOLOGICOS 

"-METODOS HIDROLOGICOS 
-METODOS GEOFISICOS 

A) DE SUPERFICIE 
8) REGISTROS DE POZOS 

-SONDEOS DE RECONOCIMIENTO 

TECNICAS AUXILIARES . 
· -RECOPILACION DE INFORMACION 

-ESTUDIO DE LA DEMANDA DE AGUA 
-ESTUDIOS CLIMATOLOGICOS 
-CENSO DE APROVECHAMIENTOS 

PRINCIPIO FUNDAMENTAL:LOS METODOS UTILIZADOS S:E ID:.EBíEN 
COMPLEMENTAR. MUY IMPORTANTE LAS CORRELACIONES 

HIDROLOGIA · 
GEOLOGIA GEOFISICA 

SONDEOS DE RECONOCIMIENTO 

--- ---------------·---- --- ----
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• 1 

METODOS GEOFISICOS DE SUPERFICIE 

MUY IMPORTANTE: TRABAJO DE EQUIPO ENTRE GEOLOGOS 

Y GEOFISICOS (MUY DIFICIL) 

- QUE EXISTA CONTRASTE ENTRE LOS VALORES DE LA . . 
PROPIEDAD· MEDIDA· 

- NO OLVIDAR QUE GENERALMENTE LOS METODOS 
GEOFISICOS NO DETECTAN PROPIEDADES HIDAOGEOLOGICAS 

. SINO GEOLOGICAS (ESTRUCTURAS, ESTRATIGRAFIA) 

- SE DEBE DE EFECTUAR CALIBRACION CON ZONAS 
DE LITOLOGIA CONOCIDA 

- NO OLVIDAR QUE LOS SEV'S NO FUNCIONAN EN . 
. . TODOS LOS LUGARES ' , . 

·-



Por es m unconsot:cra .ed 
sedimcnury dcposíu 

Caverns and orher solurion· 
enlarged openings in 

limestone 

Joints and fault in 
folded consolidated 

sedimentary rock 
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, ...... 

Lava tubcs >nd coolin& 
lradu,es ·in e~trusivc 

igneous roe\: ..... 

Jo in u in lla t-lying 
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ro el 

)oims in metamorphic 
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Figure 4. lntergranular and fracture porosity examples (Heath. 1989) 
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Figu,. 4.1 Jnfluence or wllipapl•r ...:1 aructure on regional equifer occur
nnca. (a) G.mly dipping undllone aquifera with outcrop area 
along moumainflant; (b) int:wfinglfing 11nd and gravel aquifera 
extend1ng frDm .......-in ir'IWIRountain ragion: (e} faulted.and 
folded aquitw in -.n region. s-.tace wattr bodiea reflect atruc
,.. .. ~-~--1!171). 

So•l ond clay Local orleston 
pressure rotus 
water obove 
surtace \ 

Ltmes1one 

: ~'~""'"" ¡..._.¡>---. 

Figure4.7 

to1his. MI 
·, • 

Scttematic iDusznrtiO'ft d the occurrenca of groundwator in car
bortl'bt roc:t hl which eecondary permubili1y occura along 
entarged tractures and bedding plan• open.ngs (afttt Walker, 

1956; Dms and D• Wi1st. 191&). 
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T8111e 2.4 'Ranga of Vol...,;, ot Porosity 

VDCDilSOiidatcd deposits 
Graftl 
SaDd 
Sill 
Oay 

Roc:u 
Frocturcd basalt 
Kant limestone 
Seodstone 
Limcstonc, dolomitt. 
Sbalc 
FraaURd crystallioe ~ 
Dense crystalline rocl 

o-L]:J-

n("l. 

25--40 
25-SO 
JS-SO 
40-70 

S-SO 
S-SO 
S-JO 
D-20 
D-IO 
o-to 
o-s 

Fivun 2.2 Macroscopic and miCÍOacopU: concepts of groundwater flow. 

lol (<) (el 

lb) (d) (1) 

Figure 2.11 Relation betweentexumumdporosity. (e) Well-aorted aodimen
tary'deposit having tugh porosily; (b) poorly sonad sedimentary 
deposit having low pmosity; (c)weii·SOrttd aedimentary deposit 
consisting of pebbtm; ·tha'r Bre themHivea porous. so that the 
depositas a whole tuao a ll8f!( high porosity; (d) well-sorted 
sedimentarv depos!t whose porosity has been diminished by the 
deposition of mineraJ manermthe interstices; (e) roe k. rendered 
porous by solution: V) 'I'Ock rendered porous by fracturing (alter 
Meinzer, t 923) 
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Tabla 2.1 Dimensiona and Common Units 
fot· Basic Groundwater Parameters* 

Syste!Jle lnternationalt Foot-pound~second 

SI system,¡ FPS 

Paranmer Synlbol Dimension Units Dimension Units 

Hydraulic hcad ' (L) m [L) ft 
Pn:ssure hcad .. (L) m [L) ft 
Elevation head J. (L) m [L) .ft 
Fluid pressun: p (M{LTlJ Nfm> or Pa [F/L 1) lb/ft1 

Fluid potential o (Ll/TZ) m>ts• 
Mass density JI [M/Ll) . kg!ml 
Weight density )1 /"·:' 
Specific discharae 11 (LIT) m/s 
Hydraulic coliduct,ivity .K (LIT) m/s 

*See also Tables Al.l. Al-2. and AL3, Appendix l. 
tBasJc dimcnsions are length (L]., mass [M), and time [T). 

tBasic dimcnslons are 1~ (L].,.force [FJ, and time [T). 
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Fig\li'e 2.a. Oeterrrunatian of hydraulic gradients from piezomet~r installa
lions. 
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-··Tabla 2:2 Ranga of Valuas of Hydraulic Conductivity . . . . 
and Permeability 

Roe k~ 
Unconsolida!etf. " " K K ·K 

deposits (cm2) (cm/s) (m/sl 
. 2 

(gal/day/11 ) 

1 ! .. 
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Tabla 2.3 Canveraion Factors for Parmaability 
and Hydraulic Conductivity Units 
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~' 

Table 2.3 Conversion Factora for Permaabi'litY 
and Hydraulic Conductivity Unita 

Permeability, k 0 Hydraulic conduc11vity. K 

·• . 
cml tf!. aarcy m/• ft/s U.S. gal/day/tt> 

--··--- ---·--
cm~ 1.08 .,, J0-1 1.01 >< JOS 9.80 X JQ2 3.22 X: J Ol 1.85 x: JO• 
ft2 9.29 " J02 l 9.42 " JOI o 9.11 X JOS 2.99 X JO' J.7J X f012 
da rey 9.87 x w-• 1.06 .. JO-" 1 9.66 x •o-• 3.J7 )<JO-S 1.82 X JOI 
mt< 1.02 " JQ-l uo " w-• 1.04 )< JO' 1 3.28 2.J2 X J06 
1i1S 3. 11 x ro-• 3.35 )( 1 ()-1 3.J5 x. JO• 3.05 X JO-! 1 6.46 X JOS 
U .S galjda)/1!15.42 x JO-ID 5.83 x w-•' 5.49 X J0-2· 4.72 X w-- 1.55 :X JO-• 1 

•To obtain k in ft2, multípJy k in cm2 by LO~ ,.; w- 1 • 

•¡: 
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f'IGURA 1.3. Infiltrómetro de orificio y procedimiento para su aplicación. 
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LAYER l . 
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Flg. 2.1 Conceptual viewpoints. 
(a) The geologir. system. . 
(b) The aquifer viewpoint. In this example, the aquifer viewpoint focuses on the confinad aquifer. 
The vertical hydraulic conductivity and thickness of the confining bed and the assigned head in the 
overlying unconfined source bed are used to calculate the leakage of water into or out of the 
confinad aquifer. The head distribution is calculated only for the confinad aquifer. 
(e) The flow system viewpoint. In this viewpoirit, hydraulic properties are assigned to each geologic 
unit and heads are calculated in all three layers. 
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Figure 8.1 Groundwater now net in a two-dimensional vertical cross section 
through a homogeneous. isotropic system bounded on the bot· 
tom by an impermeable boundary (aher Hubbert, 1940). 
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Figure &:3 Local, intermediate, and regional systems of groundwater flow 

(aher Tólh, 1983). 
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Figure 6.2 Effect al topography on regional groundwater flow patterns (alter 
Freezeand Witherspoon, 1967). 
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Figural.i Flowing anasian wells: (a) gaologieally controlled; (b) topo· 
graphically controlled. 
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Figure 6.6 Generalizad plot of well depth veflus depth tO static water leve!. 
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RASGOS INDICADORES DE SISTEMAS DE FLUJO 
DE AGUA. SUBTERRÁNEA 

ÁREAS DE RECARGA 

• DEFJ CIENCIA DE HUMEDAD CON CONDUCTIVIDAD ES 
ELÉCTRICAS RELATIVAMENTE BAJAS 

• MÍNIMAS CONCENTRACIONES DE STD 
• FL EATOFITAS (PUEDEN ESTAR O NO PRESENTES) 

, ·· • N 1 VELES FREÁ TICOS RELATIVAMENTE PROFUNDOS 
1 • ' • 

• E N GENERAL, CARENCIA DE RASGOS DE DESCARGA, QUE SE 
COMENTAN POSTERIORMENTE 

ÁREAS DE DESCARGA 

• • MANANTIALES 
• FILTRACIONES O "LLORADEROS" (SEEPAGE) 
• NIVELES FREÁ TICOS SOMEROS 
• POZOS BROTANTES 
• AGUAS CON ALTA CONDUCTIVIDAD ELÉCTRICA 
• ALTOS ÍNDICES DE STD 
• FREATOFITAS 
• PRECIPITACIÓN DE SALES, 

· • COSECHAS QUEMADAS 
• ARENAS MOVEDIZAS 
o ALGUNOS TIPOS DE CONSTa,UCCIONES HECHAS POR EL 

HOMBRE, APROVECHANDO ESTAS CIRCUNSTANCIAS 
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Flgure1.1 SchematicaapawiiUI:c: a althahl*aktQic: cyde. 

Toblo 1.1 Estlnwto of tho Woter Belance of the Woríd 

Surlace.,.. Vulum1 Volumo Equivalent 
Parameter (km')•JO' (lun'l•10' ll'l depth (m)• Raidence tim11 

Ocuns and seas 361 1370 94 lXlO -4000yq,. 
Lakcs and rcservoirs 1.55' O.ll <0.01 U5 -lO )Can 

Swamps <0.1 <0.01 <0.01 0.007 1-IO:rcan 
River c:bannels <0.1 <0.01 <0.01 0.00) -2-· 
Soil moisture 130 0.07 <0.01 0.13 2-u-1,...-
Groundwater 130 60 4 120 2-IO,OOOyan 
Jcecaps and glaciers 17.8 30 2 60 10-1000 :roan 
Atmospheric water 504 0.01 <0.01 0.025 -lO doys 
Biospheric water <0.1 <0.01 <0.01 0.001 -1woolt 

SOURCE: Nace, 1971. 
•Computed as thougb storage wcre l:!.•.ifOrpliY dicuibutcd ovu thc entin: sudacc o( tbe cartb. 
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Figurel5.1 Groundwater flow in the vicinity of (a) an impermeable bound· 
ary, (b) a constant·head boundary, and (e) a water·table bound • 
lry. 
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1. Construct J hydraulit.·concluctivity ellipse . 

.:!. Draw the equipotentialline ol"ii it ¡; oriented with respect to the hydrauhc
conductivity iU1.es an9 pJs~ing throu~h the o~i~in oí the ellipse. 

3. Draw p.rad h perocndic.ul.l~ to the equipotential line Jnd startm¡.: at the 
orip.in of the ellipsE 

4. Draw a tanp.entto the ellipsc .1tthe point where ~rad h mtersects the 
ellipse. · 

5. Oraw a flow line so that it passes through tfie origin of the ellipse and 1., 
perpendicular to the tangent. 



Flgrmt7.2 . 
Diasz-nwk xaloo illustr.ulns ground water Oow In a wat<~>hed (from Kms, 1899). 

Flg11re 7.1 

Sclocm:ulc crou sectlon sbowlng trace or lbc potentlometrlc surface and an:as of 
n-In¡ and nonflowlng weU. (from Hubbcn, 1953). Rtprinted by permlssion. 
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REPRESENTACIÓN SIMPLIFICADA · 

-. 

·DEL FUNCIONAMIENTO DE UN 
SIST~MA (FENÓl\.fENO) 

. . 
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' , 

PROPÓSITO DE LA ELABORACIÓN 
. DEL MODELO CONCEPTUAL 

\ •TENER UNA MEJOR COMPRENSIÓN DEL~ 
· SISTEMA 

•SIMPLIFICAR EL MODELO FÍSICO 

•ORGANIZAR LA INFORMACIÓN DE CAMPO 
PARA QUE EL ANÁLISIS DEL SISTEMA 

-. 

. i 
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REPRESENTACIÓN DEL MODELO 
• 

. . CONCEPTUAL · 

. ' 

. EL MODELO CONCEPTUAL DEL SISTEMA 
· DE AGUA SUBTERRÁNEA SE 

··REPRESENTA COMÚNMENTE MEDIANTE 
BLOQUES DIAGRAMÁTICOS O 

SECCIONES VERTICALES 

'1' i> .' 

' . 

;.,. 
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. COMPONENTES DEL MODELO 
CONCEPTUAL 

'•.' 1 .. 

• GEOMETRÍA DEL SISTEMA 

• UNIDADES HIDROESTRATIGRÁFICAS 
. . (' ·() ' 

·' 

. • PARÁMETROS DEL SISTEMA 

•SISTEMAS DE FLUJO DE AGUA SUBTEIUtÁNEA · 

.. 

. . -··. 
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CONCLUSIÓN 
• 

• i 

DE LA ELABORACIÓN DE UN BUEN MODELO 
CONCEPTUAL DE FUNCIONAMIENTO DE LOS 
SISTEMAS DE AGUAS SUBTERRÁNEAS, 
DEPENDERÁN LOS RESULTADOS QUE SE 

· TENGAN EN LA· MODELACIÓN Y PREDICCióN· 
. DE LOS EFECTOS IMPUESTOS AL RÉGIMEN. 
DINÁMICO DEL AGUA DEL SUBSUELO Y · 
MECANISMOS RELACIONADOS. 
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M O·D EL O DE AGUA S S U B TER R Á N E A S 

ES CUALQUIER EQUIPO QUE REPRESENTA EN APROXIMACIÓN LA 
DINÁMICA DEL AGUA SUBTERRÁNEA. 

MODELO MATEMÁTICO DE UN SISTEMA DE AGUAS 
SUBTERRANEAS 

ES. LA SIMULACIÓN DEL FLUJO DE AGUA SUBTERRÁNEA POR MEDIO 
DE UNA ECUACIÓN GOBERNANTE QUE REPRESENTA LOS PROCESOS 
F[SICOS QUE OCURREN EN ESE SISTEMA JUNTO CON LAS 
ECUACIONES QUE DESCRIBEN LAS CARGAS O FLUJOS A LO LARGO 

' DE LAS FRONTERAS DEL MODELO (Condiciones de Frontera). 

PARA PROBLEMAS DEPENDIENTES DEL TIEMPO ES NECESARIO UNA 
ECUACIÓN QUE DESCRIBA LA DISTRIBUCIÓN. DE CARGAS INICIALES 
DEL SISTEMA (Condiciones Iniciales). 



LOS MODELOS MATEMÁTICOS Plu:DEN SER RESUELTOS ANALÍTICA O 
· NUMÉRICAMENTE. • 

El ·CONJUNTO DE COMANDOS UTILIZADOS PARA RESOLVER UN 
MODELO MATEMÁTICO CONFORMAN LO QUE SE LLAMA PROGRAMA O 
. CÓDIGO DE COMPUTADORA . 

PARA PODER ELABORAR UN . MODELO DE SIMULACIÓN 
. HIDRODINÁMICA,. PRIMERO ES NECESARIO ELABORAR EL MODELO 
· CONCEPTUAL DE FLUJO HIDRODINÁMICO QUE CONSISTE EN 

CONOCER EL AMBIENTE HIDROGEOLÓGICO Y EL RÉGIMEN DE AGUAS 
SUBTERRÁNEAS. 

ES DECIR: 

• GEOMETRIZACIÓN DEL SISTEMA (U. HIDROESTRATIGRÁ,FICAS Y 
BASAMENTO) 

• PARAMETRIZACIÓN DEL SISTEMA (K, S, Sy) 
•. DEFINICIÓN DE LOS SISTEMAS DE FLUJO (REGIONAL, INTERMEDtO, . · 

LOCAL) 

ADEMÁS: 
.-• UN BALANCE DE AGUAS SUBTERRÁNEAS 



. ' 

METODOLOGÍA PARA LA SIMULACIÓN DE LA 
DINÁMICA DEL AGUA SUBTERRANEA 

·• 

• Análisis de la infon:nación . 
• Generación de un modelo COfiCeptual 
• Selección del código a utilizar en la simulación 
• Diseño del modelo 
• Calibración del modelo 
• Análisis de sensibilidad 
• Presentación de resultados 
• Postauditoría 

1:' 

•. 

·' ' 

' 
' 

• > :···'· 



DISEÑO: 
DISCRETIZACIÓN ESPACIAL 
·DISCRETIZACIÓN TEMPORAL 
CONDICIONES INICIALES Y DE FRONTERA 

Condiciones iniciales 
Condiciones de frontera · 

PARAMETROS HIDRAULICOS 

• 

- . 

Conductividad hidráulica horizontal 
Conductividad hidráulica vertical 
Coeficiente de almacenamiento · 

FUENTES Y/0 SUMIDEROS 
Pozos (volúmenes de extracción) 
. Recarga por infiltraciones de lluvia 

•• 
e A L 1 8 R A e 1 Ó N: 

RESULTADOS DE LA MODELACION 
Configuraciones del nivel estático 
Configuraciones de los abatimientos 
Balance de aguas subterráneas 

ANALISIS DE SENSIBILIDAD 

•. 
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CONCEPTUAL MODEL 

\ 1 

--------------· MATHEMATICAL MOOEL 
~~------ ----------.. ~• 

' ANALYTICAL MOOEL 

1 

• 

SIMPLJFY EOUATIOH SO 
THAT SOLUTIONS MAY 
lE 08TAINED BY 

. ANALYTICAL METHODS 

y 

---------------------

1 

~-
'' 

NUMERICAL MOOEL 

·~ APPROXIMATE EOUATIOHS 
NUMERICALLY RESULTING 
IN A MATRIX EOUATION 
THAT MAY BE SOLVED 
USING ,A COMPUTER 

1 
1 

1 1 ---------------------.' 
Fig. 1. logic diagram for developing a mathematieal model. 
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Fig. 4a. Map viaw of aquifer showing well field and ¡; 
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b is the aquifar thickness. 
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r Define purpose 1 

•• . -
Field data - Conceotual model -..... ...-

•• l 

· ; Mathematical model 1 

Analytical Numerical formulation 1 
solutions 

1 Computar program 
~ 1 

..... coda venfied? no 
.. 

CODE e SELECTION ' 

1 Model design Field data 

,Ir 

~- Calibration • l Comparison • 

with 1-- , .. 
field data L.¡ Verification 1 

r Prediction· 

l 
1 

Presentation of rE'sults l 

' Field data 
7 

• r l 
.. -¡ Postaudit r· 

• 
includes sensitlvity analyses 

Fig. 1.1 Steps in a protocol for modelapplication. 
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l. GENERALIDADES 

El agua es uno de los recursos naturales más importantes con lo que cuenta el país, de su 
aprovechamiento depende la existencia y desarrollo de grandes núcleos de población. 

Las sustancias tóxicas generadas por el crecimiento demográfico e industrial en muchos 
casos son inadecuadan1ente almacenadas, lo que propicia lixiviados que al infiltrarse en el 
suelo representan un factor de riesgo de contaminación del agua subterránea, así como el 
uso ·de agroquímicos y aguas residuales no tratadas. La contaminación de las aguas 
subterráneas pueden generar diversos efectos adversos como: daños a la salud, inutilización 
de fuentes de agua potable y deterioro del medio ambiente. De ahí la importancia de 
delinear áreas de protección alrededor de las fuentes de abastecimiento de agua subterránea, 
lo cual consiste en definir los limites geográficos más críticos que protejan dichas fuentes 
de algún contaminante que eventualmente puede alcanzarlas. Para ello existen diversos 
métodos: manuales, analíticos, códigos analíticos y numéricos. 

La zona de contribución es el área del acuífero que recarga al pozo. Esta zona está sujeta a 
alteraciones de forma y tan1año dependiendo de los valores de bombe~ del pozo y de otros 
factores. Algunos contaminantes localizados en la zona de contribución podrían ser atraídos 
dentro del pozo junto con el agua; por lo que el área de protección de un pozo de 
abastecimiento debería de abarcar si es posible la zona de contribución , Figura l. 

El primer paso para cualquier técnica de delineación involucra reunir la mayor información 
posible acerca de la hidrología y geología natural del área por proteger el recurso agua. En 
esta etapa el objetivo del equipo de planeación es establecer un mapa base de la comunidad, 
dando información a detalle de las características naturales del área superficial y del 
subsuelo y mostrar la localización de todos los pozos de abastecimiento público y fuentes 
de abastecimiento de agua. La Tabla 4.1 . 

Ill. DELINEACIÓN DEL ÁREA DE PROTECCIÓN DE FUENTES DE 
ABASTECIMIENTO. 

111. l. Consideraciones. 

Es importante destacar que las árcJ, de protección no son tan apropiadas en acuíferos 
sobreexplotados, ya que estos tienden a interactuar· y combinar, en este caso se necesita 
proteger toda el área de recarga del pozo, implantando controles estrictos en las actividades 
que se realicen dentro de dicha área. En este sentido cabe mencionar que el área de 
protección más amplia que se puede definir para un pozo o manantial es la de su captación 
y recarga. 

Es común emplear la máxima de tasa de extracción permitida (no la vigente) conjuntamente 
con la tasa promedio de recarga a largo plazo al calcular las áreas de protección. 

Para eliminar completamente el riesgo de contaminación, toda actividad potencialmente 
contaminante tendría que ser prohibida o controlada al niel requerido dentro de toda la zona 
de captación. Esto será frecuentemente insostenible debido a presiones sociocconómicas 

Instructor: Orlondo Garcla Rojas 
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para el desarrollo, por lo que resulta conveniente efectuar alguna división de la zona de 
captación para aplicar restricciones más severas en aquellas áreas cercanas al pozo o 
manantial. 

Esta subdivisión puede basarse en diversos criterios, dependiendo de la amenaza de 
contaminación percibida, que incluye: distancia horizontal, tiempo de flujo horizontal, 
proporción del área de recarga, dilución de la zona saturada y/o capacidad de atenuación. 
Sin embargo, en general se considera una combinación del tiempo de flujo horizontal y el 
criterio de distancia más apropiado. 

En la práctica, es conveniente realizar de dos a tres subdivisiones de toda la zona de 
captación: 

Área operacional; 
una zona de protección interior, relacionada al c,ontrol de la contaminación de 
patógenos y; 
quizás una zona de protección exterior que pennita un control diferencial de las fuentes 
puntuales o difusas de contaminación en el área restante. 

La zona operacional es el área interna de máxima protección, que comprende un área 
pequeña alrededor del mismo pozo o manantial. En esta área, no se. deberán pennitir 
actividades que no estén relacionadas propiamente con la extracción del agua, e incluso 
estas actividades deberán estar celosamente evaluadas y controladas para evitar la 
posibilidad de que algún contaminante alcance directamente al pozo. La especificación de 
la dimensión de esta área es un tanto arbitraria, dependerá hasta cierto punto del carácter de 
las fonnaciones geológicas presentes, pero siempre debe ser de mas de 30m en radio 

Es recomendable definir una zona de protección interna, para prevenir a las captaciones de 
agua subterránea de la contaminación patogénica, basada en la distancia equivalente a un 
tiempo de flujo horizontal específico. El tiempo empleado ha variado significativamente 
entre las agencias reguladoras en los diferentes paises de 1 O a 400 días. 

Una revisión de todos los casos históricos publicados sobre contaminación de aguas 
subterráneas por patógenos( ..... ), ha concluido que la distancia del transporte horizontal de 
la bacteria y virus en la zona saturada está gobernada principalmente por la velocidad del 
flujo de las aguas subterráneas. En ·in~identes de contaminación reportados, la .distancia 
horizontal entre el pozo o manantial y la fuente de contaminación comprobada era 
equivalente a no más que la distancia rer.orrida por el agua subterránea en 20 días, a pesar 
del hecho de que los patógenos son capaces de sobrevivir más de 400 días en el subsuelo. 
Es razonable, en consecuencia, utilizara 50 días para definir la zona de protección interna, 
que concuerda con la practica existente en muchos casos. 

El criterio utilizado para la definición de la zona de protección externa será inevitablemente 
arbitrario. Puede ser un porcentaje fijo del área de la zona de captación o un tiempo fijo del 
flujo horizontal al pozo o manantial. Una posibilidad, teniendo en cuenta que las fuentes de 
contaminación puntual y difusa, y los contaminantes degradantes y persistentes necesitan 
diferentes tipos de medidas de control, sería usar el tiempo de flujo horizontal en un orden 

Instructor: Orlando Garcta Rojas 
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de magnitud mayor que el usado para la zona de protección interna (500 días), pero 
establecer un límite mínimo de 25% como la proporción de la zona de captación protegida. 

III.3 Criterios para delinear áreas de protección de fuentes de abastecimiento. 

La Agencia Norteamericana de Protección Ambiental, EPA (1987) ha recomendado cinco 
criterios como las técnicas básicas para delinear las áreas de protección de fuentes de 
abastecimiento. Estos criterios son: 

Distanda. 

El criterio de distancia es usado para delinear áreas de proteccwn en fuentes de 
abastecimiento mediante el cálculo de un radio fijo, medido desde el pozo a la frontera del 
área de protección de la fuente de abastecimiento. Esta técnica es la más simple, la menos 
cará, y el método más directo para delinear fuentes de abastecimiento. Este es sólo 
recomendado como un paso preliminar, debido a que no incluye Jos procesos de flujo de 
agua subterránea o transporte de contaminantes. 

Abatimiento. 

· El abatimiento es el descenso de la elevación del nivel del agua inducido por un pozo de 
bombeo. El mayor abatimiento se presenta en el pozo y va disminuyendo conforme se aleja 
de este hasta alcanzar un límite externo donde el nivel del agua no es afectado por el 
bombeo. Este límite externo es la zona de influencia o la extensión del área del cono de 
depresión del pozo. Las velocidades del flujo de agua subterránea se incrementan alrededor . 
del pozo de bombeo; por Jo tanto, el abatimiento puede incrementar el flujo de 
contaminantes alrededor de un pozo. El criterio de abatimiento puede ser usado para 
delinear ros limites de la zona de influencia y ésta puede ser usada como un área de 
protección de la fuente de abastecimiento. 

Tiempo de viaje. 

El criterio de tiempo de viaje es usado para representar el tiempo que le toma al agua 
subterránea o a un contaminante fluir desde un punto dentro de la zona de contribución de 
un pozo, hasta el pozo. Usando este criterio, las isocronas (curvas de igual tiempo) parª_. 
períodos de tiempo seleccionados, se delinean en un mapa. El área contenida dentro de una 
isocrona es referida como la zona de transporte (ZOT) y ésta se usa, como al área de 
protección de una fuente de abastecimiento. 

Fronteras de flujo. 

El criterio de frontera de flujo se usa para determ-inar Jos Jugares donde se divide el agua 
subterránea y/o otras características fisico/hidrológicas que controlan el flujo, para con ello 
definir el área geográfica que contribuye con agua subterránea a un pozo de bombeo. Esta 
área es la zona de contribución (ZOC) del pozo y se utiliza como un área de protección de 
fuentes de abastecimiento. Este método asume que Jos contaminantes entran al ZOC 
alcanzando eventualmente un pozo de bombeo. 

..., , 

Instructor: Orlando Garcla Rojas 
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El criterio de fronteras de flujo es especialmente usado para pequei\os sistemas acuíferos. 

Capacidad asimilativa. 

El criterio de capacidad asimilativa toma en cuenta el hecho de que la sección saturada y/o 
la no saturada de un acuífero pueden atenuar la toxicidad de contaminantes antes de que 
éstos alcancen un pozo de bombeo por medio de los procesos de dilución, dispersión, 
absorción y precipitación química o degradación biológica. Esta técnica, sin embargo, 
requiere conocimientos de modelación sofisticada de transporte de contaminantes y una 
extensa información sobre la hidrología, geología y geoquímica del área de estudio. Por lo 
tanto, ésta técnica no es realista para estudios limitados. 

III.4. Métodos de delineación. 

III.4.1 Métodos manuales 

-Radio arbitrario lijo. 

.• 

Este enfoque de protección de fuentes de abastecimiento involucra dibujar un circulo de 
radio específico alrededor de cada pozo para definir el área de protección. Por ejemplo, 
algunas comunidades en Georgia han seleccionado un radio de 1,500 ft (457.2 m) alrededor 
de cada pozo; el estado de Louisiana usa 1 milla (1,609 m) de radio para acuíferos 
confinados y 2 millas (3,218 m) para acuíferos no confinados. 

Ventaja y desventajas. 

Este método es muy fácil, económico y requiere de técnicos con poca experiencia. '
Escogiendo un radio fijo grande se le puede contrarrestar un poco a este método la baja 
efectividad y compensar en algo sus limitaciones técnicas. Este método puede verse como 
una medida temporal hasta poder usar un método de delineación más sofisticado. El método 
puede ser especialmente útil si existe una amenaza de contaminación inminente que 
demande inmediata atención. 

Formas variables . 
<f ..ti:' ,. 

Este método involucra el uso de modelos analíticos para producir formas estandarizadas de 
áreas de protección de pozos, usando criterios hidrogeológicos, tiempo de viaje y fronteras 
de flujo representativas (localización de características fisicas o hidrológicas que controlen 
el flujo de agua subterránea). Se calculan varias formas estandarizadas para diferentes 
grupos de condiciones hidrogeológicas. Son posibles muchas fom1as para cada grupo de 
condiciones, sin embargo, esta metodología escoge pocas fom1as generalizadas. La forma 
más conveniente es escoger por determinación para cada pozo que tan fielmente aquellas 
fom1as igualan las condiciones hidrogeológicas y de bombeo exhibidas por el pozo a 
proteger. Una vez que la forma estandarizada apropiada se ha identificado, esta deberá estar 
correctamente alineada el rededor la base del pozo en dirección del flujo de agua 
subterránea (Fig. 4.12). La extensión del área de protección del pozo aguas arriba se_ 

lnstruclor: Orlendo Garcla Rojas 
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determina usando una ecuación de tiempo de. viaje y la zona de contribución del pozo (el 
área total que recarga o contribuye con agua al pozo), incluyendo la distancia aguas abajo. 
Las fronteras de flujo de agua subterránea aguas abajo son calculadas usando la ecuación de 
flujo uniforme (Fig.4-13). 

La ventaja de usar formas variables, consiste eri que este método requiere pocos datos de 
campo. actuales y puede implementarse fácilmente una vez que las formas estandarizadas 
han sido calculadas. Esto ofrece una mayor comprensión técnica en la delineación que el 
método de radio fijo con solo un pequeño incremento de costo. Una vez que las formas 
estandarizadas están desarrolladas, la información necesaria requerida es solo el volumen 
de bombeo del pozo, tipo de material y la dirección del flujo de agua subterránea (U.S. 
EPA, 1987). 

Las desventajas de. esta metodología incluye el potencial de imprecisiones en áreas con 
muchos cambios geológicos y ·de fronteras hidrológicas. Además, es esencial recopilar una 
gran cantidad de datos para desarrollar las figuras de las formas e~tandarizadas y para 
caracterizas adecuadamente los patrones de flujo del agua subterránea en el sitio del pozo. 
A un nivel simple, este método es mas adecuado que los métodos de radio fijo arbitrario o 
calculado, pero sus resultados pueden ser inadecuados por pequeños errores· en la 
información. 

Radio fijo calculado 

• Zona de captura de la fuente (Source Catclunen Zones). 

El área de la zona de captura de una fuente en una región sujeta a recarga anual, puede 
calcularse c?n una relación de balance de agua como: · 

A = q .. 
H R 

' 
Donde: 

AR Arca de la zona de captura (m2) 

q.. Volumen anual autorizado (m3) 

R, Recarga anual (m), calculado de un balance simple de aguas subterráneas. 

Este calculo puede ser usado solo como una guía, en vista de que la recarga en el área de 
captura puede variar por razones tales como la presencta depósitos en movimiento, 
variación en la cobertura vegetal, etc. 

Si la superficie piezométrica es horizontal, la captura en una fuente de extracción puede 
suponerse circular, y por lo tanto, el radio de captura podrá ser fácilmente calculado 
(Fig.S.I ). Aunque esta situación nomwlmente no ocurre en la práctica, es una aproximación 
útil donde no existen suficientes datos para determinar el gradiente hidráulico y la dirección 
del flujo subterráneo. 

Instructor: Orlando Garcfa Rojas 
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Las áreas de captura alrededor de las fuentes de abastecimiento se pueden delinear usando 
la ecuación anterior cuando no hay datos suficientes para justificar el uso de modelos 
numéricos, pero en general las zonas se pueden modificar manualmente considerando la 
geometría local y las'fronteras topográficas. 

Puede ser necesario tomar en cuenta la interferencia entre pozos de extracción cercanos o 
·adyacentes, en tales casos, son más apropiados los modelos numéricos o semianalíticos. El 
uso de tales modelos han mostrado que la geometría de las zonas de captura pueden ser 
complejas y aquellas zonas dibujadas por métodos manuales pueden representar una sobre 

·simplificación de la geometria verdadera 

Las zonas de captura de los manantiales son también generalmente dibujadas usando 
métodos manuales porque los datos son generalmente escasos o no existen. Los 
manantiales son también algo complejos en detalle (particularmente estos consisten de 
fuentes separadas) y puede ser necesaria una visita del sitio para determinar como se 
colecta el agua en la fuente. 

Ejemplo. Pozo: P-41. Localización: Col. San Primitivo, Tlahuelipan, Hgo. 

Datos. 

Q máx. = 30 lps 
Q ex p. = 25 lps 
Tiempo de operación del pozo = 18 hrs/d 
Balance (Anzaldo, 1995) 

Período de balance: marzo/1982 a marzo/1992 
Area de la zona 11 = 256 km2=256,000,000 m2 

Recarga total zona !1 = 1,683.819 Mm3 

Cálculo BGS 

Volumen anual autorizado 

. l 
q •• = 591300.0m 1 a 

Recarga anual: 

Recarga anual = (1 ,683 .819)( 1 ,000,000)/( 1 O) = 168,381,900 m3 /a 

Area de la zona de captura: 

lnst!llctor: Orlando Garcla Rojas ______ .. , ... __ ---- , _______ _ 
1~ 
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A = g_~,, = 591,300.0 = 899 042.1m2 
R R, 0.657 ' 

Radio de la zona de captura: 

An = (1Z' Xr/) 

- ~~- ~899,042.1 .:. 534 95 rR- -- - . m 
1Z' 1Z' 

• Zonas de protección interna y externa relacionadas a Wl tiempo de viaje. 

Una estimación del área Ad (m 2
) relacionada a un tiempo de viaje de una zona td (en días), 

puede también calcularse usando un enfoque volumétrico como: 

qtJ Ao = --·
. bn 

Donde: 

q Volumen anual autorizado dividido ente 365 días ó el volumen día ó el volumen 
diario máximo autorizado, dependiendo si la zona de protección que se está delineando es 
la interna o la externa (m 3/d). 
b Espesor del acuífero o longitud ranurada del pozo (m) 
~ Porosidad efectiva. 

Esta ecuación no permite considerar la recarga, y asume que el espeso-r del acuifero es 
constante. Sin la dirección del flujo del agua subterránea, las zonas de protección pueden 
suponerse circulares con el radio calculado como se ilustra en la Figura S. l. Este método 
es usado principalmente para acuíferos confinados. 

Las ventajas de este método de delineación incluyen su facilidad de aplicación, bajo costo, 
y no necesita técnicos muy expertos, así también se pueden delinear un gran número de 
pozos en relativamente poco tiempo. 

Ejemplo. Pozo P-41. Localización: Col. San Primitivo, Tlahuelipan, Hgo. 

Datos. 

Q máx = 30 lps (interior) 
Q exp. = 25 lps (exterior 
Tiempo de operación del pozo = 18 hrsld 
1(1 = 50 días (interior) 
1(1 = 400 días 8exterior 

Instructor: Orlando Garcla Rojas 
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b =104m 
n=0.2 

Calculo BGS 

Radio de la zona de protección interior: 

Esie valor es menor que el radio mínimo recomendado para definir la zona ae protección 
interna (50 m), por lo que deberá adoptarse el radio interno de 50 m. 

Radio de la zona de protección exterior: 

A = qtJ = (1,947.89X400) = 37 459.4ml 
J bn (104X0.2) ' 

= !A~= /(37,459.4) = 1092 r, .. 1 11 • m 
!lr V 1f 

El área de la zona exterior para 400 días de tiempo de viaje es de 37,459.4 m2 la cual es 
mucho menor al 25% de AR. por lo tanto deberá incrementarse. Considerando una zona de 
protección circular, por geomrtria simple el radio r, del área de la zona exterior igual al 
25% de AR, es: 

r, =(0.5)(rR)=(0.5)(534.95)=267.48 m 

Radio de la Zona captura: 

111.4.2 Métodos semianaliticos. 

Cuando se puede conocer el gradiente hidráulico, existen métodos teóricos para describir el 
flujo en estado establecido alrededor de una fuente y por lo tanto delinear el tiempo de 
vtaJe. 

Instructor: Orlando Garcfa Rojas 
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La ecuación que describe la línea de frontera (Figura 5.2) de una zona de captura alrededor 
de un pozo en un acuífero confinado de extensión infinita ·bajo condiciones de estado 
establecido y un gradiente hidráulico uniforme es: 

¿: +tan [(2 X~r X k Xb Xi'f..y )J = 0 
X q 

Donde: 

q Volumen de extracción (m3/d) 
k ·Conductividad hidráulica (m/d) 
i Gradiente hidráulico 
b Espesor del acuífero (m) 
x, y Coordenadas (m) 

La ecuación anteior puede solucionarse para dar el ancho Y L máximo de la zona de captura 
aguas arriba como: 

~ = ___ q___ 
l. (k Xb Xi) 

y XL, la longitud máxima de la zona de captura aguas abajo como: 

Las coordenadas de los puntos (x, y) a lo largo de la isocrona, o línea en el acuífero del 
tiempo de viaje (td) a la extracción del pozo son idénticas, pueden describirse por la 
siguiente ecuación: 

Donde z, w, y t• son cantidades adimensionales definidas por: 

X z = -·-
X 

'· 

Eq. 5.6 

Instructor: Orlando Garcia Rojas 
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y 
w= ---

XL 

que facilitan el uso. 

Para puntos a lo largo del eje x, cuando este está en la dirección del flujo de agua 
subterránea, pasando a través del pozo, la ecuación (5.6) se reduce a: 

Eq, 5.7 

t• = z -log(l + z) 

El tiempo de ·viaje de cualquier punto a la fuente puede calcularse fácilmente usando las 
ecuaciones (5.6) y (5.7), pero el problema inverso de determinar (x y) dado td requiere el 
uso de métodos numéricos. Tales métodos están incluidos dentro del paquete de 
modelación semianalítico US EPA WHPA el cual se describe en el siguiente punlo. 

Ejemplo. Pozo P.4J. Localización. Col. San Primitivo, Tlahuelipan, Hgo. 

Datos. 

q = 1,620 m3/d 
k= 5 rnld 
b =104m 
i = 0.0053 

Cálculo BGS 

Ancho máximo Y L de la zona de captura aguas arriba del pozo: 

q 1,620 
Y~,= (kXbXÍ) = (5XI04X0.0053) = 

587
'
81

m 

Dist_ancia XL aguas abajo-del pozo al punto nulo: 

lnslruclor: Orlando Garcla Rojas 
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III.4.3 Modelo scmianálitico WHPA. 

El programa WHPA es un modelo de flujo de agua subterránea semianalítico modular, 
desarrollado por US Environmental Protection Agency (U SEPA) diseñado para asistir en la 
delineación de zonas de protección de fuentes de abastecimiento. 

El modelo consiste de cuatro módulos de cálculo independientes que se pueden usar para 
delinear zonas de captura. Todos los módulos contienen soluciones semianalíticas de zonas 
de captura, éstas son aplicables a acuíferos homogéneos que exhiben dos dimensiones, flujo 
de agua subterránea en estado establecido en un área plana con la opción de calcular cargas 
hidráulicas. Pueden representarse pozos de bombeo múltiple y pozos de inyección, así 
como simularse barreras o corrientes como condiciones de frontera las cuales existen en 
todo el espesor del acuífero. Uno de los módulos está basado en el método Monte Cario 
para determinar la incertidumbre en los resultados calculados. Otro de los módulos es una 
rutina general de trayectoria de partícula que puede us¡u-se como un posprocesador para 
modelos de flujo de agua subterránea numéricos bidimensionales. Debido a que este 
módulo puede usar las cargas hidráulicas de salida de un modelo numérico para definir 
zonas de captura, los escenarios hidrogeológicos que pueden investigarse están únicamente 
limitados por la capacidad de modelo numérico.· · 

Una zona de captura se define como la zona que circunda un pozo de bombeo que 
abastecerá la recarga de agua subterránea de dicho pozo. Para problemas de flujo de agua 
subterránea de área bidimensional, la zona de captura corresponde al área de contribu-:ión 
alrededor del pozo. 

Descripción de módulos. 

RESSQC. 

Se delinean zonas de captura relacionadas con el tiempo alrededor de pozos de bombeo, o 
frentes contaminantes alrededor de pozos de inyección, para pozos de bombeo múltiple y 
pozos de inyección en acuíferos homogéneos con área de extensión infinita con flujo de 
agua subterránea en ambiente establecido y uniforme. Se toman en cuenta efectos de 
interfe"ncia de pozos. 

MWCAP (Multiple Well Capture) 

Se delinean en estado establecido, zonas de captura relacionadas al tiempo.o híbrida;¡ para 
pozos de boníbeo en acuíferos homogéneos con flujo de agua subterránea en ambiente 
establecido y uniforme. El acuífero puede ser infinito en extensión de área, o se pueden 
estimar los efectos de fronteras por corrientes cercanas o barreras (no flujo). Si se examinan 
pozos múltiples, se ignoran los efectos de interferencia entre pozos. 

GPTRAC (Genral Particic Tracking) 

Opción semianalltica: Se delinean zonas de captura relacionadas con el tiempo para pozos 
de bombeo en acuíferos homogéneos con flujo de agua subterránea en ambiente establecido 

Instructor: Orlando Garcia Rojas 
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y ~ifo~e. El acuífero puede ser con área de extensión infi~ita, o puede ser limitado por 
fronteras de una o dos corrientes (paralelas) y/o barreras (de no flujo). El acuífero puede ser 

' confinado, semiconfinado o no confinado con área de recarga. Se toman en cuenta los 
efectos por interferencia de pozos. 

Opción numérica: Se delinean zonas de captura relacionadas con el tiempo alrededor de 
campos de pozos de bombeo con flujo de agua subterránea establecido. En vista de que ésta 
opción representa .trayectorias de partícula usando una carga obtenida en campo desde un 
código numérico de flujo de agua subterránea (diferencias finitas o elemento finito), se 
pueden considerar muchos tipos de condiciones de frontera así como acuíferos 
heterogéneos y anisotrópicos. 

MONTEC (Monte Cario) Se realizan análisis de incertidumbre para zonas de captura 
relacionadas con el tiempo para un pozo de bombeo individual en acuíferos homogéneos de 
área con extensión infinita. El acuífero puede ser confinado o semiconfinado. 

Las suposiciones básicas implícitas en los módulos analíticos del WHP A son: 

• El acuífero es isotrópico y homogéneo 
• El acuífero es infinito en extensión de área · 
• El flujo de agua subterránea es uniforme en términos de dirección y 

gradiente 
• Los pozos de extracción son totalmente penetrantes 
• Las fronteras (corrientes o barreras) son lineales y totalmente penetrantes 
• El flujo de agua subterránea es bidimensional. 

En términos simples el proceso básico llevado a cabo por los módulos del WHPA son los 
siguientes: 

• Cálculo de patrones de flujo regional del agua subterránea 
• Cálculo de abatimiento radial al rededor de un pozo de extracción 
• Resta los abatimientos calculados a las cargas hidráulicas regionales 
• Calculas los campos de velocidad usando datos de cargas hidráulicas y 

permeabilidad. 
• D~:errnina corno se mueven las partículas dentro de los campos de velocidad 

} así calcula la trayectoria que una partícula debería seguir en un tiempo 
dado. 

Dentro de las ventajas del WHPA, podernos considerar que es que es una herramienta 
usada rápida y amigablemente en la delineación de zonas de protección. Se puede usar 
WHPA para delinear zonas de protección internas y ·externas, en aquellas situaciones en la 
que se dispone de datos hidrogeológicos limitados para describir el sistema. 

Las principales desventajas con WHPA son: 

Instructor: Orlando Garcla Rojas 
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Los módulos analíticos pueden ser aplicados únicamente en ambientes hidrogeológicos 
simples y condiciones de frontera totalmente penetrantes, los cuales son casos raros en la 
práctica. 

Los módulos son de uso limitado en la delineación de zonas de captura de fuentes ya que 
los modelos requieren la especificación de un gradiente hidráulico uniforme y esto en 
realidad implica una fuente infinita de agua subterránea aguas arriba del pozo. 

Ejemplo l. Pozo P-41. Localización : Col. San Primitivo, Tlahuelipan, Hgo. 

Datos. 

Unidades: metros, días 
Número de pozos de descarga: 1 
Xmíx (m)= 77,000 
Xmáx (m) = 78,600 
Ymíx (m)= 249,300 
Ymáx (m)= 250,900 
T (m2/d) = 520 
b (m)= 104 · 
n=0.2 
í = 0.0053 
Ángulo de la dirección del flujo= 285 
Pozo de bombeo núm. 1 

X (m)= 77,550 
Y (m~= 250,450 
Q (m /d) = 1,947.89 
r (m)= 0.13 

Núm. de trayectorias = 25 
Tiempo para la simulación (días)= 3,650 
Núm. de frentes (isocronas) = 3 
Valor del tiempo# 1 (días)= 50 
Valor del tiempo# 1 (días)= 400 
Valor del tiempo# 1 (días)= 500 
Número de líneas de trayectoria inversa = O 

Ejemplo 2. Pozo: P-41 y P-42 Localización: Col. San. Primitivo, TlahueÍipan, Hgo. 
. . ~ 

Datos. 

Unidades: metros y días 
Número de pozos de descarga: 2 
Xmíx (m)= 77,000 
Xmáx (m)= 79,100 
Ymíx (m)= 249,300 
Ymáx (m)= 250,900 
T (m2/d) = 520 

Instructor: Orlando Garcla Rojas 
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b(m)= 104 
n=0.2 
i = 0.0053 
Angulo de la dirección del flujo= 285 
Pozo de bombeo núm. 1 

X(m) = 77,550 
Y(m) = 250,450 
Q(m3/d)= 1,947.89 
r (m)= 0.13 
Núm. de trayectorias = 25 

Pozo de bombeo núm. 2 
X(m) = 78,250 
Y(m) = 250,800 
Q (m3/d) = 1,490.40 
r (m)= 0.13 
Núm. de trayectorias = 25 

Tiempo para la simulación (días)= 3,650 
Núm. de frentes (isocronas) = 3 
Valor del tiempo# 1 (días)= 50 
Valor del tiempo# 1 (días)= 400 
Valor del tiempo# 1 (días)= 500 
Número de líneas de trayectoria inversa= O 

Instructor: Orlando Garcla Rojas 

1._\ 



POZO: P-41 y P-42. LOCALIZACION.: COL. SAN PRIMITIVO, TLAHUELILPAN, HGO. 
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Dispositivos para medir los niveles de agua en los acuíferos . 

(Me Whorter y Sunada, 1976). 
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Homogéneo , lséitropo Homogéneo , Anisótropc 
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Heterogéneo , lsótropo Heterogéneo , Anisótropo 

.-

Heterogeneidad y Anisótropia: Cuatro posibles combinaciones 

( Freeze ond Cherry, 1979) 
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Heterogéneo , lsótropo Heterogéneo , Anisótropo 
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Heterogeneidad y Anisotropio: Cuatro posibles combinaciones 

( Freeze and Ch~rry, 1979) 
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DATOS DE 
.CAMPO 

SOLUCIONES 
ANALITICAS 

SELECCION 
DELCODIGO 

COMPARACION 
CON DATOS DE 

CAMPO 

' 

1 

DATOS DE 1 
CAMPO 

1 

PROTOCOLO DE MODELACION 

.. ---

-

J 
1 

' ' 
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; 

[ 

1 

.1 
j 

PROPOSITO 
.1. 

MODELO CONCEPTUAL 

MODELO MATEMATICO 

FORMULACION NUMERICA 

PROGRAMA DE COMPUTO· 
l 

CODIGO VERIFICADO? 

0 
J.. 

DIE!\JO DEL MODELO 

l 
CALIBRACION * 

l 
VERIFICACION 

l 

PREDICCION * 

l 
PRESENTACION DE 

RESULTADOS 

l . 
AUDITORIA 

' r 

' 
¡ 

1 

l DATOS DE 
4 CAMPO ' 

i 

! 

1 

1 

! 
' 

* INCLUYE ANALISIS DE 
SENSIBILIDAD 

1 



TIPOS-DE MODELOS EN TERMINOS DE SU 

APLICACION 

* PREDICTIVO; SE USA PARA PREDECIR EL FUTURO. 

REQUIERE CALIBRACION. 

* INTERfRETATIYO: SE USA PARA ORGANIZAR Y 

SINTETIZAR LOS DATOS DE CAMPO, Y PARA 

ENTENDER MEJOR LA DINAMICA DE UN SISTEMA DE 

FLUJO. NO NECESARIAMENTE REQUIERE 

CALIBRACION. 

* GENERICO; SE USA PARA ANALIZAR EL FLUJO EN 

SISTEMAS HIDROGEOLOGICOS HIPOTETICOS. 

PUEDEN SER UTILES PARA FINES DE 

NORMATIVIDAD DE UNA REGION ESPECIFICA. NO 

NECESARIAMENTE REQUIERECALIBRACION. 



PROTOCOLO DE MODELACION 

l. ESTABLECER EL PROPOSITO DEL MODELO. 

* EL MODELO SERA CONSTRUIDO PARA PREDICCION, 

INTERPRETACION O ANALISIS GENERICO? 

* QUE SE APRENDERA DEL MODELO?, A QUE 

INTERROGANTES RESPONDERA EL MODE~O? 

* ES EL MODELO LA MEJOR MANERA DE OBTENER 

RESPUESTA A NUESTRA INTERROGANTES? 

* PUEDE UN MODELO ANALITICO PROPORCIONAR LA · 

RESPUESTA O SE TIENE QUE CONSTRUIR UN 

MODELO NUMERICO? 

DETERMINAR LA ECUACION GOBERNANTE 

SELECCIONAR EL CODIGO DE-COMPUTADORA 



.. 

2. DESARROLLO DE UN MODELO CONCEPTUAL 

DEL SISTEMA . 

* IDENTIFlCACION DE LAS UNIDADES HIDROESTRA

TIGRAFICAS Y LAS FRONTERAS DEL SISTEMA. 

* ORGANIZACION DE LOS DATOS DE CAMPO. 

BALANCE; HIDRICO, PARAMETROS DE ACUIFERO, 

ESFUERZOS HIDROLOGICOS. 

* VISITA AL SITIO. INFLUENCIA POSITIVA SOBRE LAS 

DECISIONES SUBJETIVAS QUE SE TOMARAN 

DURANTE LA CONSTRUCCION DEL MODELO. 



. .r.: ·;~ 1 '; 

3. SELECCION DE LA ECUACION GOBERNANTE 

Y DE UN CODIGO DE COMPUTADORA. 

* LA ECUACION GOBERNANTE DEBE DESCRIBIR CON 

PRECISION LOS PROCESOS FISICOS ACI'UANTES EN 

EL SISTEMA. SE VERIFICA APLICANDO EL MODELO 

A V ARIOS SITIOS ESPECIFICOS. 

* LA VERIFICACION DEL CODIGO SE REFIERE A LA 

COMPARACION DE LA SOLUCION NUMERICA CON 
\ 

UNA O MAS SOLUCIONES ANALITICAS O CON OTRAS 

SOLUCIONES NUMERICAS. 

* LA VERIFICACION DEL CODIGO ASEGURA QUE EL 

PROGRAMA DE COMPUTADORA RESUELVA CON 

PRECISION LAS ECUACIONES QUE CONSTITUYEN EL 

MODELO MATEMATICO. 



4. DISEÑO DEL MODELO 

EL MODELO CONCEPTUAL SE ACOMODA EN UNA 

FORMA ADECUADA PARA LA MODELACION. 

INCLUYE: 

* DISEÑO DE LA MALLA. 

* SELECCTON DE PERIODOS DE ESFUERZO. 

* ESPECIFTCACION DE CONDICIONES INICIALES Y DE 

FRONTERA. 

* ESTIMACION PREVIA DE PARAMETROS DE ACUIFERO 

Y ESFUERZOS HIDROLOGICCS. 



5. CALIBRACION 

* SU PROPOSITO ES ESTABLECER QUE EL MODELO 

PUEDA REPRODUCIR LAS CARGAS Y LOS FLUJOS 

MEDIDOS EN CAMPO. 

* SE OBTIENE UN CONJUNTO DE VALORES PARA LOS 

P ARAMETROS DE ACUIFERO Y LOS ESFUERZOS 

HIDROLOGICOS QUE APROXIMA LAS CARGAS Y 

· FLUJOS DE CAMPO. 

* SE PUEDE EFECTUAR POR ENSAYOS Y ERROR O 

MEDIANTE CODIGOS AUTOMATIZADOS DE 

ESTIMACION DE PARAMETROS. 



,6. ANALISIS DE SENSIBILIDAD EN CALIBRA

CION 

*. EL MODELO CALIBRADO ESTA INFLUENClADO POR 

LA "INCERTIDUMBRE" QUE SE DERIVA DE LA 

IMPOSIBILIDAD DE DEFINIR CON EXACTITUD LA 

DISTRIBUCION ESPACIAL (Y TEMPORAL) DE LOS 

VALORES DE LOS PARAMETROS, ESFUERZOS, Y 

CONDICIONES DE FRONTERA. 

* SU PROPOSITO ES ESTABLECER EL EFECTO DE ESTA 

INCERTIDUMBRE SOBRE EL MODELO CALIBRADO. 

7. VERIFICACION DEL MODELO 

* SU PROPOSITO ES EL DE INCREMENTAR LA 

CONFIANZA EN EL MODELO, UTILIZANDO EL 

CONJUNTO DE VALORES CALIBRADOS DE LOS 

PARAMETROS Y DE LOS- ESFUERZOS PARA REPRO

DUCIR UN SEGUNDO CONJUNTO DE DATOS DE 

CAMPO. 



8. PREDICCION 

* CUANTIFICA LA RESPUESTA DEL SISTEMA HACIA 

EVENTOS FUTUROS. 

* SE CORRE EL MODELO CON VALORES CALIBRADOS 

DE LOS PARAMETROS Y LOS ESFUERZOS, CON: 

EXCEPCION DE AQUELLOS QUE· SE' ESPERA QUE 

CAMBIEN EN EL FUTURO. 

* LA INCERTIDUMBRE EN LA PREDICCION SE DERIVA 

DE LA INCERTIDUMBRE EN EL MODELO CALIBRADO 

Y DE LA IMPOSIBILIDAD DE ESTIMAR CON 

PRECISION LA OCURRENCIA Y MAGNITUD DE 

ESFUERZOS FUTUROS. 



9. ANALISIS DE SENSIBILIDAD EN PREDICCION 

*· CUANTIFICA EL EFECTO DE LA INCERTIDUMBRE DE 

LOS VALORES DE LOS PARAMETROS SOBRE LA 

PREDICCION. 

* SE SIMULAN LOS AMBITOS DE V ARIACION DE 

ESFUERZOS FUTUROS ESTIMADOS PARA EXAMINAR 

SU IMPACTO EN LA PREDICCION. 

10. PRESENTACION DE RESULTADOS 

* LA PRESENTACION CLARA DEL DISEÑO DEL 

MODELO Y DE LOS RESULTADOS ES ESENCIAL PARA 

UNA COMUNICACION EFECTIVA DEL ESFUERZO DE 

MODELACION. 



11. AUDITORIA 

'!' LA AUDITORIA SE EFECfUA DESPUES DE V ARIOS 

AÑOS DE CONCLUIDO EL ESTUDIO DE MODELA

CION. 

* SE RECABAN NUEVOS DATOS DE CAMPO PARA 

DETERMINAR SI LA PREDICCION FUE CORRECTA SI 

ASI LO ES, EL MODELO ESTA "VALIDADO" PARA EL 

SITIO ESPECIFICO DE APLICACION. 

12. REDISEÑO DEL MODELO 

LA AUDITORIA, POR LO GENERAL, APORTARA 

NUEVOS ELEMENTOS SOBRE EL COMPORTAMIENTO 

DEL SISTEMA, QUE PUEDEN LLEVAR A CAMBIOS EN 

EL MODELO CONCEPTUAL O EN LOS PARAMETROS 

DEL MODELO. 



- ENFOQUES CONCEPTUALES 

ENFOQUE DE ACUIFERO¡ 

* SE BASA EN EL CONCEPTO DE ACUIFEROS 

CONFINADOS Y LIBRES. 

* SUPONE FLUJO HORIZONTAL EN ACUIFEROS Y FLUJO 

VERTICAL DE ACUITARDOS 

* LA CONDUCTIVIDAD HIDRAULICA SE INTEGRA EN 

LA VERTICAL PARA OBTENER TRASMISIVIDAD. 

* SE USA PARA SIMULAR FLUJO BIDIMENSIONAL DEN 

PLANTA Y FLUJO CUASI-TRIDIMENSIONAL. 

* LAS CARGAS HIDRAULICAS SE CALCULAN EN LOS 

ACUIFEROS, PERO NO EN LOS ACUIT ARDO S. 

* SE INCORPORA EL ESPESOR Y LA CONDUCTIVIDAD 

HIDRAULICA DE LOS ACUITARDOS PARA CONECTAR 

LOS ACUIFEROS. 



ENFOQUE DE ACUIFERO 

. SI EL ACUifERO ES LIBRE: 

* SE UTILIZAN LAS HIPOTESIS DE DUPUIT. 

* Tx=KxH y Tv=Kvh, DONDE K ES CONDUCTIVIDAD 

HIDRAULICA Y h EL ESPESOR SATURADO DEL 

ACUIFERO. 

* S ES EL RENDIMIENTO ESPECIFICO. 

* L ES CERO, A MENOS QUE HA Y A UNA FUENTE 

SUBYACIENDO AL ACUIFERO. 



ENFOQUE DE SISTEMA DE FLUJO 

* NO ES IMPORTANTE IDENTIFICAR LOS ACUIFEROS Y 

LOS ACUITARDOS "PER SE", SINO CONSTRUIR LA 

DISTRIBUCION TRIDIMENSIONAL DE LAS CARGAS, . 

LAS CONDUCTIVIDADES HIDRAULICAS Y LAS 

PROPIEDADES DE ALMACENAMIENTO. 

* SE INCORPORAN LAS COMP,9N~!'TTJ:::S HORIZONTA

LES Y VERTICALES DE FLUJO A TRAVES DE TODO EL 

SISTEMA. 

* APTO PARA MODELOS BIDIMENSIONALES EN PERFIL 

Y PARA MODELOS TRIDIMEN~IONALES. 



·~·· ENFOQUE DE ACUIFERO 

ECUACION GOBERNANTE; 

-~- [rx ~~ + -~- h,y ~~l =·S -~~ - R + L 
6x 6~ 6y la oy"j ut 

. DONDE: 

h: CARGA HIDRAULICA, [m] 

T: TRASMISIVIDAD, [m2/día] 

S: COEFICIENTE DE ALMACENAMIENTO, [ ---] 

R: RECARGA (+)O DESCARGA(-), [m/día] 

L: GOTEO VERTICAL, [m/día], DADO POR: 

· , hs-h 
L = .u:.. ------" nL. ti 

DONDE: 

IG: CONDUCTIVIDAD HIDRAt:LICA DE ACUIT ARDO, 

[m2/día] 

ti: ESPESOR DEL ACUITARDO, [m] 

hs: CARGA HIDRAULICA DE LA FUENTE AL OTRO 

LADO DEL ACUIFERO, [m] 



ENFOQUE DE SISTEMA DE FLUJO 

ECUACION GOBERNANTE; 

DONDE: 

K: CONDUCTIVIDAD HIDRAULICA, [m2/día] 

Ss: ALMACENAMIENTO ESPECIFICO, [1/m] 

R*: VOLUMEN DE INGRESO (+) O EGRESO (-) POR 

UNIDAD DE VOLUMEN Y UNIDAD DE TIEMPO, [1/día] 

'. 
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SIMULACION DE ACUIFEROS 

e LA SIMULACION DE UN SISTEMA 

ACUIFERO CONSISTE EN LA CONSTRUC_ 
CION Y OPERACION DE UN MODELO 

' 
CUYO COMPORTAMIENTO SE APROXIMA 
AL DEL ACUIFERO REAL • 

e EL USO DEL MODELO TIENE TRES 
. OBJETIVOS PRINCIPALES : 

(.1) ENTENDIMIENTO 

(2) PREDIC~ION 

(3) CONTROL 

• 



MODELO DE ·SIMULACION . 

e EL TERMINO MODELO SE REFIERE A: 

(1) LA TE ORlA QUE DESCRIBE AL : 
PROCESO BAJO CONSIDERACION ¡ 

(2) EL CODIGO DE COMPUTADORA 

QUE SE USA PARA SIMULAR 
EL PROCESO; 

(3) LA APLICACION DEL CODIGO A 
UN CASO PRACTICO ESPECIFICO. 

e .SE PUEDEN APLICAR CRITERIOS DE 
EJECUCION PARA LOS TRES CASOS. 

) 



... ~ 

MODELOS 

. ' 

e FISICOS. 

e ANALOGICOS ELECTRICOS 
e MATEMATICOS · ·• 

..;.. DETERMINISTICOS 
- ESTOCASTICOS 
- COMBINADOS 

• 



' 1 

MODELO CONCEPTUAL .¡ ,. 
' 

MODELO MATEMATICO ¡ . 
' 

--

MODELO ANALITICO MODELO NUMERICO 
- - -

ECUACIONES QUE SE APRO.;.. 
ECUACION SIMPLIFICADA XIMAN NUMERICAMENTE -
CUYA SOLUCION SE PUEDE RESULTANDO EN UNA ECUA_ 
OBTENER POR M ETODOS CION MATRICIAL QUE SE 
ANALITICOS. PUEDE RESOLVER POR 

COMPUTADORA. 



MODELOS- MATEMATICOS 

• CONSISTE EN 

- ECUACION (ES) DIFERENCIAL (ES) 
PARCIAL (ES) 

- CONDICIONES INICIALES 

- CONDICIONES DE CONTORNO 

e SE BASA EN 

- CONSERVACION DE LA MASA 

- CONSERVACION DEL IMPULSO 

• 



METODOS NUMERICOS 

e OFRECEN VENTAJAS PARA 

- AMBIENTES GEOLOGICOS- COMPLEJOS 

-- HETEROGENEIDAD 

-- ANISOTROPIA 

- CONTORNOS IRREGULARES 

- PROCESOS NO LINEALES 

- PROCESOS ACOPLADOS 

7 
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PROPOSITO DE LA MODELACION --... . . 

e ENTENDIMIENTO DEL SISTEMA Y 
DE LOS PROCESOS. . 

- INVESTIGACIONES DEL AREA 

- CONDICIONES PASADAS 

e PREDICCION 

:... CONDICIONES FUTURAS 

- ANALISIS DE· DISEÑOS CORRECTIVOS 
- ANALISIS PARA CRITERIOS DE 

REGLAMENTACION 

e CONTROL 

- IMPLEMENTACION DE PROGRAMAS DE 
APROVECHAMIENTq 9 CORRECTIVOS 

- OPCIONES DE OPERACION 

- EXPLOTACION ·oPTIMA 



.. ,_, .. -

IDENTIFICACION. DEL MODELO 

e A LA DETERMINACION DEL MODELO 
TEORICO .CORRECTO SE LE CONOCE 
COMO IDENTIFICACION DEL MODELO. 

• DADA UNA CLASE DE MODELOS Y 
UN PROCESO. EL PROBLEMA DE 
IDENTIFICACION CONSISTE EN 
DETERMINAR EL MEJOR MODELO 
EN ALGUN SENTIDO MEDIANTE 
OBSERVACIONES DE ENTRADA-SA_ 
LIDA DEL PROCESO. 

• ~A SELE'3CION DEL •• MODELO MAS 
VERDADERo•• ES UNA TAREA SUB
JETIVA ·QUE DEBE REALIZAR EL 
MODELADOR • ._ 

. 'Í 



SELECCION · DEL CODIGO 

e UNA VEZ QUE LA TEORIA SE 
IDENTIFICA, SE PROCEDE A LA 
SELECCION DEL CODIGO. 

e EL CODIGO DE COMPUTADORA -
(PROGRAMA) ES UN CONJUNTO 
DE INSTRUCCIONES DISEÑADAS 
~ARA RESOLVER EL MODELO 
TEORICO. LA MAYORIA DE LOS 
INDICES DE EJECUCION SE HAN 
DESARROLLADO PARA LOS 
CODIGOS DE COMPUTADORA, A LO 
QUE SE LLAMA VALIDACION DEL 
MODELO . 

. • LA VALIDACION ES UN PROCESO DE 
PRUEBA APLICADO AL CODIGO DE 
COMPUTADORA,DONDE LOS OBJE_ 
TIVOS SON: 

(1) VERIFICAR LA EXACTITUD DEL 
ALGORITMO COMPUTACIONAL EMPLEA
DO PARA RESOLVER LAS ECUACIO _ 

. NES QUE DESCRIBEN EL FENOMENO. 

(2) ASEGURAR QUE EL CODIGO DE 
COMPUTADORA SEA COMPLETAMENTE 
OPERACIONAL .. 

10 



SELECCION DEL· CODIGO (CONTINUA) · 

• SE DICE QUE UN CODIGO DE COMPUTADORA 
ESTA1 VALIDADO' SI SE HAN EFECTUADO 
LAS PRUEBAS SUFICIENTES PARA 
DEMOSTRAR QUE REPRESENTA CON 
EXACTITUD AL MODELO TEORICO. 

• LAS PRUEBAS PUEDEN . CONSISTIR EN : 

.(1) COMPARACION. CON SOLUCIONES 
ANALITICAS. 

(2) COMPARACION CON OTROS CODIGOS 



FLUJO DEL AGUA SUBTERRANEA :· 

MARCO FISICO . 

e PLANO HIDROGEOLOGICO MOSTRANDO LA 
EXTENSION, CONTORNOS, Y CONDICIONES 
DE CONTORNO DE TODOS LOS ACUIFEROS 

e PLA'NO TOPOGRAFICO MOSTRANDO LOS · 
CUERPOS DE AGUA SUPERFICIALES 

. 

• PLANOS DE CONFIGURACION DE LA SUPER
FICIE FREATICA, DEL BASAMENTO, Y DEL 
ESPESOR SATURADO 

e PLANO DE TRANSMISIVIDAD MOSTRANDO 
EL ACUIFERO Y SUS CONTORNOS 

e PLANO DE CONDUCTIVIDAD HIDRAULICA Y 
ALMACENAMIENTO ESPECIFICO DE LA 
CAPA CONFINANTE 

• -PLANO DE VARIACION DEL COEFICIENTE 
DE ALMACENAMIENTO EN EL ACUIFERO 

e CONEXION HIDRAULICA ENTRE EL 
ACUIFERO Y LOS CUERPOS DE AGUA 
SUPERFICIAL ES 

/~ 



·FLUJO DE AGUA SUBTERRANEA (CONT) 

ESFUERZOS SOBRE EL SISTEMA 

e TIPO Y EXTENSION DE LAS AREAS DE 
RECARGA (AREAS IRRIGADAS, CUERPOS 
DE AGUA SUPERFICIALES, POZOS DE 
RECARGA, ETC •. 

e ·aoMBEO DE AGUA. SUBTERRANEA 
· (DISTRIBUIDO EN. TIEMPO Y ESPACIO) 

e GASTO EN CAUCES SUPERFICIALES 
(DISTRIBUIDO EN TIEMPO Y ESPACIO) 

e PRECIPITACION 

e EVAPOTRANSPIRACION 

OTROS FACTORES 

e . CONDICIONES ECONOMICAS 

e ASPECTOS lEGALES 

e USO DEL SUELO 

¡/, 



APLICACION DEL MODELO 

• LA APLICACION DEL .MODELO TIENE 
TRES ETAPAS PRINCIPALES : 

( 1 ) CONCEPTUALIZACION DEL SISTEMA 

(2) CALIBRACION DEL MODELO 

(3) PREDICCION 

e LA MAYORIA DE LAS APLICACIONES 
INCLUYEN .A LAS TRES ETAPAS, 
AUNQUE CON DIFERENTES GRADOS 
DE ESFUERZO. 



APLICACION DEL MODELO· ( CONT.) 

.. .. 
e 
o 
u 
o 
E ., 

o - .. .. -.. "' ., E 
o': - ... ... .. 
o .. 
- o .. -
::J - .. 
"'"" 
molo 
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ensayo y error 

ESPECIFICACION 
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MODELO 
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MODELO 

._ CALCULO 
no DEL CRITERIO 

Si -=~~.!!:..II!..L .. -------
t SON ACEPTABLES no 

LOS 
RESULTADOS ~ • 

_ls1 

~ FIN ) 
automático 

PROCEDIMIENTOS PARA CALIBRACION DEL MODELO 
MEDIANTE ENSAYO Y ERROR Y AJUSTE AUTO MA _ 

TICO. 

• 



APLICACION DEL MODELO (CONT.) 

• LA CONCEPTUALIZACION DEL. SISTEMA 
INCLUYE LA ORGANIZACION DE LA 
INFORMACION SOBRE EL SISTEMA 
ACUIFERO DENTRO DE UN MARCO 
INTERNAMENTE CONSISTENTE. LA 
CONCEPTUALIZACION INCLUYE LOS 
FACTORES QUE CONTROLAN AL 
SISTEMA DE FLUJO TALES COMO 
GEOMETRIA Y ESTRATIGRAFIA, CONDICIONES. 
INICIALES Y DE CONTORNO~ Y PARAMETROS 
IDROLOGICOS. 

e LA CONCEPTUALIZACION · DEL SISTEMA ES 
UNA TAREA SUBJETIVA Y NO SE 
DISPONE EN GENERAL DE INDICES 
CUANTITATIVOS DE CORRECCION .. 

• )q 



Mejore 
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DETERMINE LA NECESI-
DAD DE UN MODELO - -

NUMERICO. 

w 
RECOPILE E INTERPRE-
TE LOS DATOS DI SPO-
NIBLES 

.¡.· 
RECABE NUEVOS DATOS 
Y OBSERVE EL SISTEMA .. 

¡, Conceptuallzacldn · ~ CalibraciÓn 

PREPARE LOS DATOS PREPARE LO,S DATOS 
PARA EL MODELO PARA EL MODELO 

~ USANDO LOS PARAM.E_ USANDO LOS PARAME. 
TROS ESTIMADOS. TROS ESTIMADOS o 

~ v 
COMPARE LOS RESUL_ f-

INTERPRETE LOS .TADOS CON LOS 
RESULTADOS o .DATOS OBSERVA DOS. 

Resultados~ Buena ¡y Mala . . , 
satisfactorios reproducción reproducclon 

PRUEBAS DE SENSIBILIDAD 
• 
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SE NEC,ESITAN MAS DATOS=' 

• 

~no 
.. 

PREDICCJ_ON o 



APLICACION DEL MODELO (CONT.) 
---~- . -

e LA REPRODUCCION HISTORICA O CALIBRA
CION DEL MODELO SE EMPLEA PARA 
REFINAR LAS ESTIMACIONES DE LOS 
PARAMETROS HIDROLOGICOS Y CONDICIQ_ 
NES DE CONTORNO MEDIANTE LA 
COMPARACION DE LOS RESULTADOS CON 
LOS DATOS OBSERVADOS. 

• LA CALIBRACION SE PUEDE EFECTUAR 
POR ENSAYO Y ERROR O POR REGRESION 
AUTOMATICA. PARA AMBOS, EL ANALISIS 
DE SENSIBILIDAD ES PARTE DEL PROCESO 
DE AJUSTE. 

e EL GRADO DE AJUSTE ENTRE LAS 
VARIABLES CALCULADAS (P. E. CARGAS 
HIDRAULICAS) Y LOS VALORES MEDIDOS 
PERMITE . JUZGAR EL PROCESO DE 
CALIBRACION • 

'! 

Í' 

: 

zo 



USO ERRONEO DEL MODELO 

e LA MAYORIA DE LOS ERRORES DE 
.MODELACION OCURREN EN LA APLICACION 
DEL MODELO; ENTRE LOS EJEMPLOS MAS 
COMUNES DE MAL USO SE TIENEN : 

( 1) SOBREMODELACION ~ HACER EL MODELO 
MAS COMPLEJO QUE LO PERMITIDO 
POR LOS DATOS, O QUE LO REQUERIDO 
POR LOS OBJETIVOS; 

(2) CONCEPTUALIZACION INCORRECTA -
BASAR EL MODELO EN UNA CARAC
TERIZACION POBRE O INCOMPLETA 
DEL ACUIFERO; 

(3) SELECCION INCORRECTA. DEL MODELO 
.-SELECCIONAR UN MODELO SIN 
ENTENDER BIEN SUS LIMITACIONES; 

(4) CONDICIONES DE CONTORNO Y /0 
.PARAMET'iOS DEL MODELO INCORRECTOS 

(5) PREDICCION INAP.ROPIADA- PRONOS
.TICAR BAJO CONDICIONES MUY 
DIFERENTES A -LAS EMPLEADAS EN LA 

.. CALIBRACION ¡ 



- -

USó ERRONEO DEL MODELO (CONT.) . 

(6) MALA INTERPRETACION . INTER-
- PRETACION HIDROLOGICA POBRE DE 

LOS RESUL TAO OS CALCULADOS. 

(7). APROXIMACION NUMERICA BURDA 
(IMPORTANCIA DEL BALANCE: DE 
.MASAS) 

(8) -ERRORES NO ·DETECTADOS EN EL 
CODIGO NUMERICO (IMPORTANCIA DE 
LA VALIDACION) • 

' 

.. 
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PROTOCOLO DE MODELACIÓN 

•DEFINIR OBJETIVO DEL MODELO 

•DESARROLLO DEL MODELO CONCEPTUAL 

•BALANCE DE AGUAS SUBTERRÁNEAS · 

•DISEÑO DEL MODELO (Código, discretización, parámetros 
hidráulicos, periodos de esfuerzo, etc.) 

•CALIBRACIÓN 

• VERIFICACIÓN 
, 

•ANALISIS DE SENSIBILIDAD 

•SIMULACIÓN PREDICTIV A · 
, 

• V ALIDACION .A FUTURO 
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SOLUCIONES DE LAS ECUACIONES DE FLUJO DEL AGUA 
SUBTERRÁNEA 
(SEGÜN HUYAKORN Y PINDER, 1983) 

l. MÉTODOS ANALíTICOS 

SEPARACIÓN DE VARIABLES 

SOLUCIONES POR SIMILITUD 

TECI\ÍICAS DE VARIABLE COMPLEJA 

TRANSFORMACIONES DE FOURIER Y LAPLACE 

FUNCIONES DE GREEN 
MÉTODOS DE PERTUBACIONES REGULARES Y SINGULARES 

SERIES DE POTENCIAS 

11. MÉTODOS NUMÉRICOS 

MÉTODO DE DIFERENCIAS FINITAS 

MÉTODO DE ELEMENTO FINITO 

MÉTODO DE COLOCACIÓN 

MÉTODO DE LAS CARACTERÍSTICAS 

MÉTODO DE ELEMENTOS FRONTERIZO (BOUNDARY ELEMENT . 
METHOD) . 

' ' .. ., 
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(l.l) 

%, Tbe Stcady.State. Ilnsaturatgd EJgw Equatlon; 

(1.2) 

(1.3) 

4, The T 1nslcnt.' IInsatnratcd Flow Egyprfon; 

whcrc h is hydraulic !le!!d, K1 , Ky. and ~ ~ thc componcnu of sa~tcd hydraulic 

conductivity in the x, y, and z coorclinate dircctions, t is time, 1f' is prcssurc hc:ad, Kx('f'), 

Ky(ljl), and Kz('l') are thc component.s of unsaturatcd hydraulic conductivi¡y; S s is specific 

scorage, C(ljl) is specific moisrurc capacity. 
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REGIONAL 

LOCAL 

b 

Telescoplc ma.sh reftnemect. 
(al Boundariu for 1 resional finito dllforenca ¡rid ara dadnod !rora lnlormaUoo aboullba ro¡ioo&l 
now ayuem. Tho local and alla grida hava hydnulic boundariat da8nod from aimulaUon reaulu 
(Ward. Buu. Morcor and Hughoa. Wacor Rooourcu Rataarch, Z3(4J, pp. 803-817, 1&87. copyrighl 
by lbo An¡oncan Coophysital UnionJ. 
(bl Fln111 olomanl grtds fQf regional and lgtal stalo 10odolo. Tha grido IDoltb t.lons Iba nodat 
ahowu by squaru. Boundary condlllons alon¡lbau nod11 ara dalarm&nod fro10 lbo soluUoo of Iba 
res•onaJ scalo problom (Townloy and Wlloon, 1980J .• 
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a REGIONAL 

. -_.... . -.,. ... 
LOCAL 

b 

=> 

Telescoplc mesh reftnemecL 

SI TE 
'••nn -... •'"' 

(a) Bcundanos fcr a regJcnol finito dllforonco ¡¡rtd 111 dodnod from lnlcrmollcn obcul lho roatcnLI 
Ocw sySJelll. Tho lccol and silo grid,1 hovo hydnulic bcundanoo dofined from simuloUcn resulu 
(Ward, Suso. Morcor and Hugh01. Wolor R01cu:t01 Ruouch, 23(4), pp. 803-811. ¡ge7, copyright 
by lho AD¡or1can Cocphysical Unicn). 
(b) finito olomonl ¡¡rtds fct rogtcnol ond loco! scolo racdols. Tho grjdo rnolcb Llena lho nades 

· shcwu by squuos. Boundary ccndlllons olonalhfto necios aro clotormmed fromlhe scluucn of lllo 
regJooll scole problom (Townloy ancl WUson, 1980). 
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Flnhr dlffricnc< :ond linitr rkmrn1 grlc1s (from Mrrcrr :ond F2us1, 
1981 ). Rrprin1rd by pqmlsslon of Ground W>ta. ~ 1981. AU righu 
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• No:Jal poin( 
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Subdivide re¡ion 
a grid and app 
finite differenc 

into 

. 1 

! 

. ' . approx1mat1ons 
space and tim 

derivatives 

ly 
e 
to 
e 

. 

Concepts af the 
physicial system 

Translate to 

Partial dlftel111 a equa tlon, 
boundary and lnitial 

condltions 

Finite element 
Finite difference approach 

approach 

Transform to 

Integral equation 

Subdivide region 
into elements 
and integrate 

' 
First-order differential 

equations 

/ ""~'"""' d;ff"'"" approximation to 
time derivative 

System of al¡ebraic 
equations 

Salve by direct or 
~ iterative methods 

Solution 

Gt:neralized model development by finite dlfference and 
finite element methods (from Mercer and Faust, 1981 ). 
R~primed by permission of Ground Water. Copyright © 
1981. All rights reserved. 
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ACC'ti)Uble 
_1 CALJBR.A TEDJ 

""" 1 -MOOEJ.. 

u PAAAMETEII - A.DIUSlMEHT 

Trlal·and-error callbrallon proctdurw (modlfttd from Paton, 1887). Tht fte14 1yll1111 la 
con verted lo a numerlcal modtland calibnUon l1J1tll &n 1tt. Tht model l• executGd and reauiLI 
ue compued to the calibratloD lllSilJ. U t.ht error in lhe dmulaltd reauha la acctptabla.lhe model 
ls considerad calibraled: U lhe level of error ia unacceplablt. puarnetar valuea are adjuated and lht 
model ia Nn agaln unUI acceplablt reauha 111 achleved. B.C .. boundary condillon; J.C .. lnlllal 
condlllon. 
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ESQUEMA DEL ~IOPELO C'ONC'El'TliAL DE 

FUNCIONA~IIENTO II([)JWDINÁMICO 

( CONDICIONF.:S ACTUALES) 

ZONA DE FLUJO 
LATERAL 

SIMROLOGIA 

ZONA DE DES('ARGA 
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~~--------------~ 
MODELO CONCEPTUAL DEL ACUIFERO DEL VSJP 

t =.o.c7d 
POlo- 3~ o • 3456.0 ..,~¡~t · 

i ··.= 0.11. 117m 

CAPA 2 

, .. ..... 500011 

1 

1 

/¡ 
1 

.-1 

FUERA DE ESCALA 

IJIIATIR lllml la) 
&.00 

U& 

1.28 

1.81) • 
2.40 

3.00 

3.6& 

4.28 

4.811 

. 5.40 

ue 
t.t . 

CAAFICA SUIILOC TIDIFIHIIIITIRIDiltl 

• 

• 

1 toe 1000 

. 
!1000 

1&000 lain) 

,, 

POZONo.JS 

0.18 sooo.o 
0.00 0.00 0.00 42.92 42.92 117.00 
2 
0000 0.000 
16.00 3 oo· O. DOS 0.20 
o 10.00 10.00 o.oos 0.10 
0.000 
o 0.000 
16.00 3.00 0.005 
o 1.00 lOO o.oos 
13.00 1.00 1.00 
2 
S 
lO 20 JO 40 so 
3 
l. O 2.0 3.0 4.0 . s.o 
3456.0 0.17 
·3456.0 0.17 
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BALANCE PARA f99b VOlUMEN ANUAL 1\ UTORIZ~OO: 8,199.6 Mil m1/año 

-~. --~----·~ . ~-··---··-------------~--~-~ 
( 
¡ 

} 
t 

USO MULJIPLE 
/06.4 Mil ml/¡¡~o 
5 f'OlDJ 

VOL. E)(T. TOTAL= 7,901.4 Mjl m3 laño 
~1 POZOS 
JI NORIAS 

USOACiUA POTA& E 
76/,.DMif nr'/añ.o 
2 POlOS 

IJSO ABREVADERO 

60 Mil m' /año 
4pozos 

f 6 nori<U 

IJSO AliRICOLA 

1, 969 Mil ml/año 
40 pozos 

7 110r1as 



(a) Esque~a tridimensional de] acuífero. 

Malla de la cap~-~ 

. ~ alla de la capéf ~ f---4--J..-:J..oe:;.:¡:P.=~:::::::;j:;~-~7 L.;.: 1 .,.,..,.. , .. - ._- ...... -.. -. , :,· r:-. .,.._ ~-1-:-+..~- - - - . .- -· - . , 

Celdas conteniendo material de 
_1~~ tres .l!.!lJdadcs estratigrátic'!l 

.; .. · .. --.. -.. , .... . ... "",. .·.·:·· .. ·.:·-----. . . . -. -
t. ~ ~ de la capa]~ -- .. -- .;...-

(b) Esquema del acuífero con una malla rectilínea sobrepuesta. -. --- - ··-- . ·- --. --·-· 

Malla de la capa 1 

Malla de la capa 3 
Celda conteniendo material 
de una sola unidad estratigráfica ----·---- . 

k--: - • -- .. -; 
¡:--:-t-:-:--+:~-:-+:.. ""-: .. • . ,- • .. - ... • .... : . -: . : . --- --. : :. -- - -.. -y: . -- .... --..-- -----:.- ;."" ........ , -- .... ·.--· .... -
"'-=--. . -

(e) Esquema del acuífero con una malla deformada sobrep~e.~ta. 
- -- ----·----- -- - - . - -
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FIG. VIII. 10 VOLUMEN DE EXTRACCION ANUAL DEL ACUIFERO · 
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Figura 8.20 
Comparación entre cargas hidráulicas observadas vs. calculadas para pozos seleccionados 
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STEADY STA TE WATER TABLE ( 1 950) 

O 5 1 O 15 20 25 JO 
60 ,....---.---,-,~--.--......-~-...---....., 60 
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50 
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o 
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Fig. 18. 
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WITERS ABCNE WWI SEA ~ 
CONTOVA INTE~VAL. 2 m 
0/STAHCE IN km 
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ESTIMATED WATER TABLE (1957): 
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ESTIMATED DRAWDOWN (1957) 
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ESTIMATED WATER TABLE ( 1993) 
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ESTIMATED DRAWDOWN (1993): 
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FUNDAMENI'ALS OF THE 1RANSPORT M O DEL 

%~1 GOV'ElUm!G EQUATIONS 

in gt';lmuiwater c:m be wriacn u follows (e_g.. Javandcl, er. aL. 1984): 

e 
t 

.xr 
Dr 

V¡ 

i.S tbc conc::mmica cf mnraminana dissoivcd in grcumi~ML ~3;

~tinJ:,.T;. 

is da ctismrc a!aag ÚlJ: xcpc:aiVC' Cm:cian COCJt•ljnnu=- :u:i,s..I..;. 

isda~~ m:ffirienk L 1.¡:-l; 

is tbc ~ or linc:lr pon: wau::r'Vclociy, LT" l~ 

(2.1) 

1[& ~ tlJc vollllill:ltic tlu:c ofwau:r-per~ vol:mJC af aquifcr Lc:plb* '" iil' solAces 

(posiiive} andsinh (nega¡ivc}, r1~. 

C, is ~conc:nliillion ofthc sourcc orsin.b. ML·3; 

- fJ ~ thc porosity of ÚlC porous mr=rljnm djmcnsionlrss; ,. 
Í:Kt i.s achemiol~u:m..ML·3'f-l: 
a,. 

.. 



whc:c 

P. is thc buli.: dcnsiry of Lhc porous mcdium, ML·3; 

C u Lhc conccna;uion of conwninanu sorbed en thc porous mcdium. ·MM·1; 

). i3 thc rar: con.swu of thc first-ordcr ra1e rcactioru, r-1. 

By rcwriting the 7f' ~ =u: 

(2.3) 

and subuituting equations (2.2) and (2.3) into equation (2.1), thc following equation is 

obtaicca: 

-
ac ¡; ( ac) ¡; ( q "· ;;::; ac ( · D.t.) -=- D.1- -- vC)+;!LC +.c:..t---.t Cf .c:..t · 
ift . at, · d:c, d:c, • 8 • 8 ac ift 8 

' !2.4) 

Moving thc founh r:rm on the right·hand sidc of cquation (2.4) to the left·hand sidc, equation 

(2.4) beco mes: 

. ' 

R ac .. l_(D/=-)-l_(v,C)+!ltc,- .t(c +be) 
ift d:c, (};¡; 1 at, 8 8 . 

(2.S) 

whc:c R is called the retardation factor, dcfinC(! a.s 

(2.6) 

Equation (2.5) is the goveming equation undcrlying in thc transpon modcl. Thc · 

transpon equation is l.i.nked to Lhe flow equation through the relationship: 

K ah v, .. _;,:;¡,_ 
8 at, (2.7) 

whcrc 
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Introducción 

'·,_. La dificultad para estudiar el agua subterránea radica en que ésta se encuentra bajo el 

-,. 

, 

. subsuelo y no se puede medir adecuadamente en comparación con las aguas 

superfic;iales. El agua en el subsuelo no se puede ver pero sr se puede medir y es a partir 

de los principios fisicoquímicos que gobiernan la ocurrencia, el movimiento y la calidad 

del agua subterránea. que se pueden desarrollar predicciones acerca de su 

comportamiento con cierto grado de confianza. 

l. Distribución del Agua en el Subsuelo 

El agua bajo la superficie del terreno se encuentra en dos zonas: la no saturada y la 

saturada. En la zona no saturada la mayoría de.los espacios entre los poros de una roca 

están. ocupados por aire. El agua ocurre en forma de humedad en el ~uelo y en la franja · 

capilar que se extiende por arriba del límite superior de la zona saturada. En la zona no 

saturada el agua se. encuentra a una presión .hidráulica negativa, es decir menor·a la 

atmosférica. 

Por debajo de la zona saturada el agua llena completamente los poros de una roca y se 

e~cuentra a una pesión mayor que la atmosférica. En las· zonas húmedas el limite 

superior de la 10na saturada sigue generalmente la superficie topográfica a cierta 

profundidad con respecto al terreno. La posición de este nivel de saturac;ión, en relación 

con un nivel de referencia, se debe establecer con cuidado ya su medición esta afectada 

por diversos factores. 

La posición del nivel del agua se puede medir a partir de la profundidad del nivel estático 

en pozos de observación, pozos de explotación o piezómetros (ver Fig. 1). Cabe hacer 

notar que en cada uno de éstos dispositivos el nivel puede ser diferente. La medición del 

nivel en pozos que tengan diferentes profundidades entre si es probable que refleje el 

nivel de uno o más acuíferos. En la Fig. 2 se muestra la elevación en cada uno de los . 

pozos perforados P, diferente profundidad. Oada sitio presenta un nivel diferente sin 

embargo, el nivel freático del acuífero solo puede ser reconocido como tal en el pozo # 2. 
. . 

Los pozos # 1 y 3-5 atraviesan diversos estratos con ademes ranurádos en diferente 

zona por lo cual cada unr capta agua de diferente formación. 

1 
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El nivel del agua eri cada aprovechamiento refleja la carga hidráulica en el intervalo 

ranurado del pozo. Una condición diferente se presenta en ~1 pozo #1 ya que el filtro de 

grava permite captar agua de todas las formaciones. En este caso, el nivel del agua en el ,. . 

pozo #1 es una componente de los diferentes niveles atravesados. Debido a que la carga 

hidráulica varia con la profundidad es muy importante considerar la terminación de los 

pozos. Una apropiada medición del nivel del agua subterránea es un factor fundamental 

para estimar la dirección y magnitud del gradiente hidráulico. 

11.1 Acuíferos y Capas Confinantes 

Las rocas del subsuelo pueden formar-unidades confinantes o ac:.;'feros. La unidad 

confinante se carac;teriza por su baja transmisividad la cual no permite el fácil paso del 

agua a través dé ~sta. Ejemplos de ella lo representan las arcillas. limqs y lutitas. Por el 

con· ario. un acuífero es una formación geológ,ca que posee suficiente_ transmisividad y 

capacidad de almacenamiento para permitir el flujo a travé" de las ·Jeas con relativa 

facilidad y aporta cantidades importantes de agua para su e:. ;tación. 

El agua subterránea ocurre en el subsuelo bajo dos condiciones: acuiferos libres y ' 

acuíferos confinados. Un acuífero libre es aquel en donde·el nivel del' agUa representa el 

limite superior de la -zona saturada (ver Fig. 3). Los acuíferos confinados están limitados 

en su parte inferior y superior por una capa confinante y el agua posee suficiente presión 

para elevarse p:::r arriba de la base si un pozo llegase a p-::rforar esta. E: -1lgunos casos 

el agua posee suf:dente carga hidráulica para eievarse por arriba de la superficie del 

terreno. En este ~aso se denominan pozos brotantes o artesianos. 

11.2 Porosidad y Condu;;;tividad Hidráulica 

~a porosidad es la relación del volumen de espacios vacíos entre el volumen total de la 

roca. Este.:define la cantidad de agua que uria roca saturada puede almacenar. La 

conductividad hidráu.lica (K) expresa cualitativamente la facilidad con la cual el agua 

atraviesa una formación geológica. Este parámetro depende tanto de las características 
¡ 

fis1cas del medio como las del fluido de que se trate. La conductividad hidráuli:::a varia en 

amplio rango dependiendo del tipo de roca de que se trate y aun dentro de ésta misma. 
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11.3 Gradiente Hidráulico 

El gradiente hidráulico es la pendiente del nivel piezométrico. Es decir es el cambio en el 
1 

nivel del agua por unidad de distancia a lo largo de la dirección de máxima disminución 

de carga hidráulica. Este parámetro se determina midiendo el nivel del agua en ·varios 

pozos. El nivel del agua en un pozo se expresa generalmente en una elevación referida 

a metros sobre e.i nivel del (msnm). Este parámetro representa la carga hidráulica total 

(H) la cual se compone de una carga de posición y una carga de presión (ver Fig. 4). El 

gradiente hidráulico es ia fuerza que genera el movimiento del agua subterránea en 

dirección de la máxima disminución de carga hidráulica (Fig. 4.1 ). 

Debido a que el nivel del agua o superficie piezométrica es un plano. la dirección del flujo 

subterráneo y el gradiente hidráulico se determinan a partir de la información de tres 

puntos. (ver Fig.5). Estos deben de atravesar el mismo acuífero y tener similar 

profundidad e intervalo de ademe ranurado para que las mediciones sean 

representativas. Usando el método de los tres puntos las elevaciones del nivel•,son 

calculadas para cada pozo y referenciadas en un mapa. Puntos de igual elevación· se 

unen a través d~ líneas que forman un triángulo. Usando las elevaciones (msnm) de 

cada punto las lín\'as son divididas en igual número de segmentos; seleccionando 

puntos de igual elevació;-. se pueden trazar equipotenciales (ver Fig. 5.1 ). Las lineas de 

flujo se construyen a .modo de que estas intercepten a líneas equipotenciales en un 

ángulo recto considerando que el subsuelo es homogéneo e isótropo. Asimismo. se 

. muestra que el agua subterránea fluye en dirección hacia donde decrece la carga 

hidráulica. 

111. Mapas de Elevación del Nivel Estático. 

Los mapas de elevación del nivel estático o mapas piezométricos, son una parte esencial . . 
de cualqu.ier estudio relacionado con las aguas subterráneas. Estos permiten indicar la 

dirección hacia la cual se mueve el agua y estimar el gradiente hidráulico el cual controla 

a su vez la velocidad del. ~uido. Un mapa piezométrico es una representación gráfica del 
. '. . . 

gradiente hidráulico y se elabora ubicando los niveles estáticos en un mapa base y 

uniendo puntos de igual elevación en msnm. Los contornos de igual nivel del agua son 
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llamados líneas equipotericiales y muestran que el agua tierie el poteócial para elevarse 

hasta tal posición. En el caso de los acuíferos confinados, el agua tiene el potencial para 

elevarse a una cierta pQsición pero en realidad no lo puede hacer a menos que la capa 

confinante sea atravesada por un pozo. Por lo tanto, la superficie piezométrica ·de un 

acuífero confinado representa una línea imaginaria. 

La elaboración de un mapa piezométrico requiere de la ubicación de los niveles del agua 

en un mapa base y posteriormente la unión de puntos de igual elevación de acuerdo con 

criterios hidrogeológicos. Para ello es necesario un número considerable de puntos para 

elaborar dichos mapas y que las mediciones del nivel correspondan a un solo sistema de 

flujo. 

IV. Errores Comunes ~n la Elaboración e Interpretación de Mapas Piezométricos 

La configuración de un mapa P.iezométrico no debe ser una tarea mecánica o rutinaria. 

Por el contrario, su elaboración requiere aplicar diversos criterios para decidir la mejor 

configuración que represente la elevación del nivel, particularmente cuando los datos no 

siguen un determinado patrón. Por ejemplo, si ··los niveles medidos en · los pozos 

provienen de sitios distantes entre si los datos pueden haber sido tomados en diferentes 

tiempos y no ser comparables entre si. Por el contrario si los datos fueron tomados ·en 

un mismo periodo será necesario conocer las características constructivas de cada pozo 

para explicar posibles anomalías en sus valores. Si un dato anómalo no puede ser 

. identificado rápidamente es necesario realizar otras actividades de campo para . 

determinar las características hidrogeológicas que generan dicha anomalía. 

V. Errores en la Configuración de Mapas Piezométricos 

El punto de inicio para elaborar un mapa piezométrico" es un mapa base de la zona de 

estudio. Este permite ubicar los pozos. determinar su elevación en msnm y demás 

características geográficas, geológicas e hidrográficas. 

El trazo de las líneas equipotenciales requiere de habilidad ya que es muy común 

cometer dos tipos de errores: i) Incluir mediciones de niveles no representativos del 

sistema de flujo subterráneo y ii) no considerar las características del subsuelo 
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(homogeneidad y anisotropia) que pueden modificar la distribución de las líneas 

equipotenciales. 

A continuación se enumeran varias fuentes de error en la configuración de los niveles 

estáticos: 

1. Incluir mediciones de nivel de pozos ubicados en zonas de recarga o descarga del 

acuífero (Fig. 6). 

2. No considerar la distribución y las características de los cuerpos de agua superficial 

(Fig. 7a) 
' . . 

3. No considerar la presencia de estructuras o rasgos geológicos importantes. La Fig.(7b) 

muestra como Jos métodos convencionales de contorneo configuran los niveles de 

agua de una zona dividida por una falla geológica generando configuraciones 

erróneas. 

4. No considerar anomalías generadas por la presencia de recarga o descarga artificial 

de agua subterránea inducida por actividades humanas. Los pozos en operación 

generan un cono de depresión a su alrededor creando una pendiente en el gradiente •· 

hidráulico. Por otra parte, los retornos de riego, recarga inducida por infiltración de 

aguas residuales o fugas en el sistema de agua potable generan domos en los , 

mapas piezométricos de forma contraria a los observados en las zonas de bombeo. :, 

5. Omitir posibles variaciones estacionales u otras fluctuaciones de cqrto tiempo que 

afectan el nivel del agua. Si un acuífero es sensible a las variaciones estacionales o a 

los periodos de lluvia o estiaje que. provocan un incremento o disminución en la 

elevación del nivel, entonces las mediciones en los pozos no serán representativas a 

menos que estas se realicen en una misma época del año. 

6. Considerar mediciones del nivel en pozos que atraviesan "diferentes acuíferos 

En los pozos cuyo ademe ranurado atraviesa diferentes acuíferos generalmente las 

medidas del nivel no son representativas de un solo acuífero. Lo anterior, se debe a que 

el nivel refleja la interacción de diferentes acuíferos (Figs. 8 y 8.1 ). 
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el flujo es turbulento: En la Fig (1 0) se presenta un ejemplo de la aplicación de la ley de 

'--- · · Darcy. Cierta cantidad de flujo (Q) atraviesa un tubo relleno de arena con un área 

transversal A. El nivel del agua decrece a medida que recorre la distancia (L) y la carga 

hidráulica es mas alta en el manómetro al inicio de la trayectoria que al final de esta. La 

diferencia en la carga (H) a lo largo de la trayectoria (L) es el gradiente hidráulico (HIL) o 

i. La perdida de carga refleja la energía que se requiere para mover el fluido a una 

determinada distancia. Si la Q y A son constantes y K se incrementa, la perdida de carga 

disminuye. Es importante remarcar que la perdida de carga ocurre en la dirección del 

flujo. En la fig. (1 O) el flujo en el tubo se ha invertido y el flujo fluye de la parte inferior a la 

superior y Q, K, A y i permanecen iguales. Lo anterior; permite ilustrar un importante 

concepto cuando los manómetros son considerados como pozos. Cabe destacar que el 

pozo profundo tiene una carga que es mas alta que el pozo somero ~uando el agua se 

mueve hacia arriba y que esta situación se invierte cuando el flujo es descendente. 

Cuando pozos cercanos con diferente profundidad y niveles de agua se presentan en el 

campo, ver Fig.( )., esto indica la existencia de zonas de recarga o descarga. En zonas , 

• 

de recarga, los pozos someros tendrán mayor carga hidráulica que los pozos profundos. 

En sitios donde el flujo es horizontal no se aprecian diferencias de carga importantes. En 

zonas de descarga los pozos mas profundos tendrán mayor carga hidráulica. 

,. l 
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VENTAJAS 

• Las modificaciones se limitan a paquetes 

Individuales . 
• Los paquetes se pueden ifacluir o quitar 

sin dificultad. 
• Corre en varios tipos de mdqulnos sin 

modificación. 

• Modelo en 1, 2 ó 3 dimensiones • 

• Relativamente fácil de entender . 

• Muchas opciones. 

• Los formntos se pueden especificar por 
el usuario. 

• Calcula el flujo entre celda y cel~o. 

• Completamente documentado . 
.. 
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VARIAS OPCIONES PARA : 

• Condiciones de flujo de agua subterranea. 

• Términos fuente. 

• Métodos de solución numética • 

1 • Entrada y salida de datos. 

• Condicl·ones de contorno. 

• Datos dependientes del tiempo . 

. .;¡,. • 
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CONDICIONES DE FLU"O DE 
AGUA SUBTERRANEA 

• Problemas en 1, 2 6 3 dimensiones . 

. • Condiciones artesianas • 

• Condiciones freáticas. 

e ·~' 

• Condiciones parcialmente convertibles de ·~-\ 
artesianas a freátlcas y viceversa . 

• Condiciones totalmente convertibles de 
artesianas a freáticas y viceversa. 
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TERMINOS FUENTE 

• POZOS DE BOMBEO O 1NYECCION. 

• DRENES. 

• INTERACCION CON RIOS. 

e EVAPOTRANSPIRACION • 

e RECARGA DISTRIBUIDA. 
. . --

• FUENTES O SUMIDEROS EXTERNOS. 

·' 
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METODOS NUMERICOS DE 

SO LUCIO N 

• Procedimiento altamente Implícito (SIP). 

• Sobrerrelajación sucesiva por secciones 
verticales. (SSOR). 

,-· 

.•. ·. 
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ENTRADA 
. -

• Grupos de datos separados se pueden manejar 
en archivos de datos distintos. . . 

-·. ' 

• Formatos especificados· por el usuario. 

• Sólo las opciones seleccionadas entran al model~. 
' . . . 

SALIDA 
• Ccirgas hi'dráulicas • 

• Abatimientos. 

1--. • Balance de masas. 

. , 
• Datos de 1teracion. 

• . Datos de tiempo. 

• C::lciJius de flujo ce.lda a· celda. 

• Opción de archivos en· binario. 

• Selección de salidas para impresión . 

• 
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CONDICIONES DE CONTORNO 

• Carga prescrita • 

• Flujo prescrito . 

• Flujo nulo . 
' " 

• Flujo dependiente de la carga . 

" 

. .. .. 

_, 
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REQUERIMIENTO DE DATOS 

• Datos sobre la malla_. de diferencias 
finitas. · 

• Periodos de esfuerzo e int~rvalos de tiempo. 

• Parámetros del método de resoluciÓn. 

• Opciones . 

• Parámetros hidráulicos • 

• Condiciones de contorno. 

• Términos fuente - sumidero . 

. , . ' 

• 
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PAOUETE BASICO 
-~· ... - - .: - . . ,_ - --· 

• Tamaño del modeló: • 

1 

. • Contornos. 

• Longitud de los intervalos de tiempo. 

• Condiciones Iniciales . 

• Salida. 
·• 

• Opciones ( Paquetes utilizados) 

REQU~.RIDO 

.. •. 

/l 
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PAQUETE DE .. FLUJO 
.. 

CENTRADO EN LA CELDA · 

• Lee los parámetros de qcuífero . 

· • . Define los tipos de capas . 

. • Calcula los coeficientes de las ecuaciones 
de diferencias finitas • 

REQUERIDO 
. (Por ahora ) 
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RESUMEN DE CONDICIONES DE FLUJO 
. . 

DE AGUA SUBTERRANEA Y DATOS REQUERIDOS 

','1 

Tipo 
DESCRIPCION 

REQUERIMIENTO DE DATOS 
CONDICION de 
DE FLUJO Ca~a S S~ .T K BASE TECHO VCONT 
Artesiano o Estrictamente tr no SI no no no cd 

confinado 

Freático Estrictamente libre tr • • cd no no SI SI no 
(sólo la capa superior } 

Parcialmente 2 T constante tr tr si • cd no ·.'. no SI · 
' Convertible (acuífero grueso) 

conversión S- S y 

Totalmente 3 Conversión T- K tr tr • si si cd no SI 
Convertible Conversión S -S y 

X= Parámetro utilizado 

no= Parámetro no utilizado 

tr = Parámetro utilizado en simulaciones en tra11sitorio 

cd= Parámetro utilizado si existe una capa debajo 
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PAQUETE DE POZOS 

• Le e da tos de pozos . 

• Añade términos de pozo :a las ecuaciones 
de diferencias finitas. 

• Condición de flujo prescrito. 

• Pozo en el centro de la celda. 

• · Conceptualmente solo un pozo por celda • . 
.. 
,. 

:. en la formulación las descargas se· 
concentran.-. 
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PAQUETE DE RECARGA 

• Lee los datos de recargo . 

• Multiplica la taza de rec·arga por el 
orea de la celda. 

L 1 T * L2 = L3/T 

• Añade términos de recarga a las 
ecuaciones de diferencias finitas. 

• Condición de flujo prescrito · . 

'· 

' 

. 1 

. ' 



· ') PAQUETE DE EVAPOTRANS_ 
PIRACION • 

• 

• Lee datos de E T 

• Calcula .la tasa de E T 

• Añade términos a las ecuaciones de 
diferencias finitas . 

• Condición de flujo dependiente de la carga. 

• Función lineal • 

• Q =O si h < elevación especificada ~ 

• Q= ETmax 

. 

h - elevaciÓn especificada 
profundidad de extinción 

• Q= E:r·max , para h . < superficie · • 
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PAQUETE DE CONTORNO 
GENERAL. DE CARGA ( GHB) 

• Lee datos de contorno general de carga. 

· • Calcula los flujos . 

· · • Añade términos a las ecuaciones de 
diferencias finitas. 

• Condición de flujo dependiente de la e a rga . 

• Función lineal. 

e 

• Similar al dren pero fbjo puede ser + d - · 

•' 

.... · 
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PAQUETE SIP. 

(PROCEDIMIENTO ALTAMENTE _ 

IMPLICITO ) 

• Resuelve Iterativamente el sistema de 
ecuaciones de diferel')cias finitas .. 

• Imprime datos de Iteración. 

. . . 
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PAQUETE SSOR 

( SOBRERRELAJACION SUCESIVA~ 

POR SECCIONES VERTICALES ) . 

• Resuelve iterativamente el sistema de 
ecuaciones de diferencias finitas. 

. " 

" 

• Imprime datos de Iteración . 

.. 

(, 
' . / ---· 

,, 

' 
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VENTAJAS Y DESVENTA.JAS . DE 
LOS METODOS DE ·RESOLUCION 

SSOR 
+ 

más directo 

menor requerimiento 
de memoria RAM 

resolución directa 
para sección ve-rtical 

más fácil de entender 

mejor en sistemas 
multicapas 

+ 
' . 

mas rapldo que 
el SSOR 

menos sensible a 
a .los parámetros 

. , 
de aceleraclon 

-
sensible al parámetro 

· ·de aceleración : 

. ' 

' mas lento que el SI'P 

SIP 

.. 

-
, 

ru~hJs parametro~ · 
p11ra u sintonizar u 

difícil de entender y 
• corregir 

mayor requerimiento 
de memoria RAM 
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VCON T · 

• Se refiere a la conductancia entre nodos (vertical)~ 

e Hay NLAY- 1 arreglos de VCONT . 

• vcoNT= e · [-j_] 
fl X. /ly T . 

Incorpora tanto a K como a Az 
... 

:. l:lz no se define explicitamente. 

Incorpora propiedades de capas adyacentes. 

Sim.llar a la conductancia usada por el modelo 
en la horizontal, excepto : 

Horizontal: l:l's y K's se proporcionardn por . 
. s~par'ld!'}. 

Vertical : /J's y K • s se combinan a priori ·. 

lv . - . 
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1.0 Introduction 

The Amendments to the Safe Drinking Water Act (SDWA), which were passcd in June 
1986, established the first nationwide program to protect ground-water resources used for 
public water supplies from all (anthropogenic) potential threats. Un!ike previous Federal 
programs, that have tended to focus on individual contaminant sources, this new effon 
approaches the assessment and management of ground-water quality from a more compre
hensive perspective, The SDWA seeks to accomplisñ this goal by the establishment of State 
Wellhead Protection (WHP) Programs that "protect wellhead areas within their jurisdiction 
from contaminants which may have any adverse effect on the health of persons." A WHP 
Program is pan of a State's Ground Water Protection Strategy. 

One of the majar elements of WHP is the determination of zones within which 
coptaminant so urce_ assessment and management wül be addressed. These zones, called 
Wellhead Protection Areas (WHPAs), are defined in the SDWA·as "the surface ·and · 
subsurface area surrounding a water well or wellfield, supplying a public water system, 
through which contaminants are reasonably likely to move toward and reach such water well 
or wellfield." 

The States are given fleX!bility in determining appropriate operational approaches to 
WHPA delineation. The US. Environmental Protection Agency (EPA) is required by the 
SDWA to provide technical guidance on the hydrogeologic aspects of this task. In June 
1987, EPA published the technical background document "Guidelines for Delineation of 
Wellhead Protection Areas." In this repon, EPA outlined five criteria that can be used as 
a technical basis for WHPA delineation: 

• Distan!~~ 

• Drawdown 
• Time of tn.vel 
• F!ow boundaries 
• Assimilative capacity 



J."-"" lll Lr W U. Cll ú U 

S tates may select one, or some combination, of the above criteria to form a technical basis 
for their WHP program. A State's choice of a criteria willlikely be based on a combination 
of technical and nontechnical ( e.g., administrative) considerations. 

Delineation methods are used to translate the criteria selected by the States to actual, 
mappable delineation boundaries. EPA, based upon existing ground-water protection 
programs in the United Sta tes and Westem Europe, has i'!e_ntified six primary methods for 
WHP A delineation. The methods are listed below in arder of increasing technical 
sophistication: 

• Arbitrary fixed radü 
• Calculated fixed radü 
• Simplified variable shapes 
• Analytical methods 
• Hydrogeologic mapping 
• Numerical flow/transport models 

A detailed explanation of each of these methods may be found in Chapter 4 of the EPA 
Guidelines document (U.S. EPA, 1987). 

The development of a user-friendly computer model to assist S tate and local technical 
staff with the delinea ti en of WHP As is an outgrowth of EP A's Guidelines document. This 
.report documents the capabilities and proper use of the WHPA model, which is a modular 
semi-analytical and numerical code for the delineation ofWellHead Protection Areas. Two 
of the five delineation criteria, time of travel and flow boundaries, may be addressed using 
the model. Although one model ;)ption is based on numerical model results, the delineation 
methods used by the model are primarily semi-analytical. 

All users are strongly encouraged to read this manual thoroughly prior to a pplying the 
WHPA model. Chapter 2 is designed f.:;r Tk>se of you who refuse to do so - if you are an 
experienced ground-water flow modeler it should provide enough information to get you up 
and running. Chapter 3 is a general overview of the capture zone delineation problem, 
while chapter 4 is an introduction to one of the most commonly used techniques to delinea te 
capture zones (particle tracking). Chapter 5 is an in-depth overview of the WHPA model. 
Chapters 6-9 describe in detail the capabilities and limitations of, and provide examples for, 
the individual capture zone delineation options contained in the WHPA model. Chapter 10 
is the last and perhaps most important chapter; it descnbes sorne of the errors that may 
occur if the WHP A model is applied improperly. 
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2.1 WHPA Model Installation 

The WHP A model is designed to rún OD anr' Standard, mM or companble XT, AT, 

or 386 microcomputer (Pq operating under MS DOS version 2.1 or later. The machine 

must have a minimum of 640K RAM (Random Access Memo.ry), a hard disk, and CGA, 
EGA, VGA or Hercules graphics capability (EGA or VGA is highly recommended). The 

model wi1l automatically detect and use the math coptO<• uor if one is present, but one is 
not required. 

A hard copy of capture zone plots observed on the monitor may be obtained using 

EPSON, OKIDATA, NEC Piuwriter and mM Proprlnter dot matrix printers and 

compatibles, Hewlett-Packard (HP) Laseljet laser printers and compatibles, anq Hewlett

Packard and Houston Instruments pen plotters and compatibles. A summa.ry .. of the 
available graphics devices supported by WHP A is provided in Table 2.1. If you do not have 

access to any of the supported hard copy output devices, you may save plot files in standard 

HPGL format (see section 5.2.3.2) and subsequently use any number of software packages, 

such as WordPerfect (see Appendix 0), PrintAPiot, or just about any CAD package, to 
output the plot on other output devices. 

To install the WHPA model on your computer, perform the following steps: 

l. Establish a sub-directory on the hard disk 

l!I:DIR. Vlll' A 

2. Change directory 

•' 

.CD\VBPA 

3. Place diskette in drive A 

', jA 

' ~' . -
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Table 2.1 

Graphics Devices Supported by WBPA 

Device Type Standard Models Supported 

Video CGA. 

EGA 
VGA 
Hercules Graphics Card (HGC) 

Dot Matrix Printer EPSON FX, MX, LQSOO, LQlOOO, LQ1500, 
LQ2500 and compatibles 
OKIDATA and compatibles 
NEC Pinwriter and Compatibles 
ffiM Proprinter and compatibles 

Laser Printer HP LaserJet and compatibles (such as HP 
DeskJet) 

Pen Ploner Hewlen-Packard and other HPGL-compatibles 
Houston Instruments and other DM/PL-
compatibles 

4. Copy files on WHPA diskette to hard disk. Note that steps 3 and 4 must be 
perfonned two times. 

COl'Y . A:*.* 

., 
Once step 4 is comple.ted the following files should exist in your WHP A subdirectory. 

WHPA.EXE PREGP.EXE 
. GR.U.EXE . ··: ·~ •· ... GPTRACEXE 

·. · ···· PRERQCEXE . . PREMCEXE. 
RESSQCEXE · MONTECEXE • ... 

PREMW.EXE · SETUP.EXE. ··"· · .MWCIIP.EXE HEDCON.EXE . 
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The next step is to execute the setup program by typing 

The setup program will display a series of menus that prompt for information 
cona:ming graphical output. The program first attempts to determine ~e type of graphics 
card installed in your computer; if the program determines the correct graphics card type, 
type "Y" to se!ect the default and continue on 10 select a hard copy output device. If you 
type "N", a menu will appear that aDows selectiao of the appropriate graphics mode (CGA, 
EGA, VGA or Hercules). Once the correct graphics card type is determined, a menu will 
appear from which any of the hard copy output devices Iisted in Table 2.1 máy be selected. 
You must also select the pon that the devia: is connected to (LPTl, LPT2, PRN, COMl 
or COM2) and possibly sorne additional parameters that are devia: specific (e.g., the 
number of pens available for a givt:u pen plotter). The communication parameters specific 
to your output device, such as baud rate, should be set using the MS DOS "MODE" 
command. The MODE command will generally be located in your AÚTOEXEC.BAT file. 
Refer to your MS DOS Users Manual for more details. 

To execute the WHPA mode, simply type "WHPA". 

2.2 A Brief Overview ofthe WHPA Model 

The primary objective of the WHP A model is to assist Sta te and local technical staff 
with the task ~f WHP A delineation. The WHP A model is an easy-to-use, widely applicable 
too! for WHP A delineation based on state-af-the-art technology of the ground-water 
industry. The WHPA model can be divided amceptually inm·two majar sections. · The 
computational modules se9tion contains the Fortran progratns th~:t compute the capture 
zone(s) for a given physical scenario. All of the "number crunching" is performed by these 
computational modules. The remaining portian of the WHPA model is the user-interface. 
The interface provides an efficient mechanism for <lata entry as well as the viewing of model 
results . 
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The WHP A model contains four majar computational modules: RESSQC, MWCAP, 
GPTRAC, and MONTEC. The capabilities of each of these modules is summarized in 

Table 2.2. Sorne users may recognize RESSQC as a modified version of the computer code .. 

RESSQ presented by Javandel et al. (1984). The remaining three modules were developed 
specifically for the EPA Office of Ground-Water Protection (OGWP) using state-of-the-art 
technology and sorne recently published studies available in the literature (e.g., Newsom and 
Wilson, 1988 and Pollock, 1988). The capabilities, assumptions, limitations, and input 
requirements for each of the computational modules ar:: discussed in detall in Chapters 6-9. 
A matrix of the input requirements for each af the cor::putational modules is provided in 

Table 2.3. The MONTEC module is not listed in Table 2.3; it has the same input 
requirements as MWCAP and semi-analytical GPTRAC with the addition that the uncertain 
aquifer parameters and their associated probability distributions must be specified. Note 
that each of the computational modules operatc: entirely independent of one another. 

There are two majar assumptions common to .iYl of the computational modules; 1) 
flow in the aquifer is at steady state, and 2) flow in the aquifer is horizontal (two
dimensional in areal view). The first assumption implies that the aquifer is under 
équilibrium conditions, and therefore temporal variations in sources and sinks (incluó:.."1g 
pumping) are not considered. The WHPA model is therefore most applicable ~o 

continuously used water-supply wells. For RESSQC, MWCAP, and MONIEC, the second 
assumption implies that the aquifer is confined, or unconfined if the drawdown-to-initial 
saturated thickness ratio is small (approximately less than 0.1). This assumption is also 
applicable for the confined aquifer option in GPTRAC, but this module also has a special 
unconfined aquifer option that may handle drawdown ratios much larger than 0.1 with 
minimal error. Nene of the modules simulate vertical flow of water within the aquifer 
explicitly. 

The preprocessor is very straightforward to use. The user is prompted, through a 
series of pop-up windows, for input required by the selected computational module. The 
following key sequenees will be useful when using the preprocessor: 

Menu Commands: 

<Ese> H 

<Ese> M 

..,. .¿ :, ,, •.:..:,¡ .. ! . ~ . .... • ' .:.: . 

lnvoke a series of 1-4 pop-up help screens that define model input 
paramet.ers and právide_iuitla.!!C:C on propermodCl option seleetions .. 

• .¡,_, • ,•;:' '''""Y' o ' 

'.,· •••••• '"' y • • 

Return to the inain nuxlcl.menu. Ány model. input parameters that 
'>· ,, . • 

were entered, or any chang~, ]]lade to an CXJSting data set will be 
saved. M ay also use toHome or End keys. .. '·· 



Module Name 

RESSQC 

MWCAP 

! 
L 

GPTRAC 

MONTEC 

TableU 

Description ofWBPA Model Computational Modules 

Description 

Delineates time-related capture zones around pumping wells, or 
contaminant fronts around mjection wells, for multiple pumping 
and injection wells in homogeneous aquifers of infinite areal extent 
with steady and uniform ambient ground-water flow. Well interfer
ence effects are accounted for. 

Deiineates steady-state, time-related or hybrid capture zones for 
pumping wells in homogeneous aquifers with steady and uniform 
ambient ground-water flow. The aquifer may be inñnite in areal 
extent or the effects of nearby stream or barrier boundaries can be 
assessed.- H multiple wells are examined, the effects of weU .inter
ference are ignored. 

Semi-analytical Option: Delineates time-related capture zones for 
pumping wells in homogeneous aquifers with steady and uniform 
ambient ground-water flow. The aquifer may be of infinite areal / 
extent, or it may be bounded by one or two (parallel) stream 
and/or barrier boundaries. The aquifer may be confined, leaky 1 

confined or unconfined with areal recharge. Effects of well inter
ference are accoumed for. 

Numerical Option: Delineates time-related capture zones about 
pumping wells for steady ground-water flow fields. Since this O!>· _ . _ 
tion perfonns panicle tracking using a head field obtained from a -
numerical (finite difference or finite element) ground-water flow 
code, many ty'pes of boundary conditions as well as aquifer hetero
geneities and anisotropies may be accounted for. 

Performs uncertainty analysiS for tirne-related capture zones for a 
single pumping well in homogeneous aquifers of infinite areal 
extent. The aquifer may be confined or leaky confined. 
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Table 2.3 

Required Input for WHPA Model Computational Modules 

GPTRAC 

Required Input RESSQC MWCAP 
Semi-

aoalytical Numerical 

Units used • • • • Aquifer type~ • Study arca limits • • • • Maximum step Iength • • • No. of pumping wclls • • • • No. of rccharge wells • • • Well locatioos • • • • Pumping{mjection ratcs • • • • Aquifcr tranSmissivity • • • • Aquifcr porosity • • • • Aquüer thickncss • • • • Angle of ambient flow • • • Ambient hydraulic gradient • • • Arcal rccharge ratc • Confining )ayer hydraulic 
conductivity • Confining layer thickncss • Boundary conditioo type • • Perpendicular distaocc from 
wcll to boundary • Orientation of boundary • • Capture zone type • No. of pathlincs used to 
delineatc capture zones • • • • Simulation time • • • Capture zone time • • • • Rectangular grid parameters • No. of forward/reverse pathlines • • • Staning coordinates for 
forward/reverse pathlines • • • Nodal head values . • ' No. of heterogeneous 

•· 

aquifer zones • Heterogeneous aquifer propenies • 
• Confined, unconfined or leaky-confi.ned. 

\0 
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Meno cómmands (cont'd):· ' ~ 

·. ·~ . 

2.3 A Brief Example 

The best way to introduce the WHPA model is to go through a step-by-step example. 
This section is designed to do just that, so sit down at your computer and type "WHPA". 
The first screen that will appear is the disclaimer: 

1 

** DISCLAlMER ** 

Neicher che U.S. EPAs Office of Ground-Yacer Procecc.on, HydroGeoLogic,, 
Inc., nor any person accing on behalf of eicher of chese enticies: 

a) makes any warranty, express or implied, with respecc to chis 
sofnrare; or 

b) assumes any liabilicies with respect to the use or misuse of 
this software, or the interprecation or misinterpretatio" of 
any results obtained from this software, or for damages 
resulting from the use of this software. 

¡· 
!/ 
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The disclaimer screen may be erased by pressing any key on the keyboard. The next screen 
is the main menu for the WHP A code. 

MAIN MENU FOR THE 

RESSQC 
Mil CAP 

GPTRAC 
MONTEC 
QUIT 

llHPA CODE 

Modified version of the RESSQ code 
Capture zones for single or multiple 
(non-interfering) production vells 
General particle tracking 

"Monte Carlo analysis 
Halt execution of VHPA program 

[t~] move cursor, <Enter> to select option 

This screen allows the user to select one of five available options. Select the MWCAP 
option by moving the cursor down one line using the down arrow key and depressing 
"Enter." The next screen is the main menu for the MWCAP option. 

r.======-=-- Mil CAP OPTION 

(N)ew Problem 

(C)ontinue Current Problem 

(S)ave Current Problem 

(L)oad Previous Problem 

(R)un Model 

(P)lot Results '. 
(D)irectory 

. (H)elp 

(E)xit 
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Press "N" to input the parameters for a new problem. Next a series of input screens will 
appear that prompt you for required model ioput. Type in the numeric values shown on 
each screen. 

~====================~~======================9 
Rur Title: BRIEF IIHPA MODEL EXAMPLE 

Units to use for Currmt Problem: O · 
O - maters and days 
l - feat and days 

Number of llalla for which 
Captura-Zonas are desired: l 

5 /vd; "' ~"" ( Kinimum X-Coordina te: 
, ¿ Haximum X-Coordinate: 3000 .,¡:"""' ~ ' / Minimum Y-Coordinate: 

l Haximum Y-Coordinate: 3000 

Maximum Spatial Step Length: 50 · 

11 
Changa Any Values On Ibis Screen (Y/N)? 

<Enter> - select value <Ese> - options menu <Fl> - DOS shell 

At the bottom of each input screen, the user may change values entered on the screen by· 
typing "Y". lf the input values are all correct, type "N" to continue to the next screen. 

AQUIF!R PROPERTIES AND LOCATION FOR YELL D 1 

" . {/ ; , , • ·' \ X Coordina te (L) : 
.. " · , Y Coordinate (L): 

Yell Discharge Rata (L**3/T): 
lo ,( 6 · · ·l Transmissivity · (L**2/T): 

500 
1500 
4000 -· -· 
1000 

1 - ... 1 
. ' 

H~dr?.ulic Gradient (dimensionless): 
·Angle of Ambient Flow (desrees): 

0.00150 ~ /. 
180 : ·_ . -·--~ .. ,, .. ; ., . ' 

Aquifer Porosity (dimensionless): o. 25 .• 
Aquifer Thickness (L): 50 -- ...... , •.·-"~· .. ·.- .': 

¡¡; r . ... ;. J'~ ..,; -r /,., _.,..,,...,,~. 

(H)ELP (M)AIN (N) EXT . (P)JU;VIOUS (S)UMHARY (Q)UIT 

V 
<Enter> - select value <Ese> - options menu <Fl> - DOS shell 

1 
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The options menu that is displayed at the bottom of the above input screen is obtained by 
pressing the Escape key at any time. This menu allows you to obtain H;ELP information, 
save the values that have been entered and retum to the MAIN MWCAP menu, go to the 
NEXT input screen, go to the PREVIOUS input screen, obtain a SUMMARY of 
information already entered, or QUIT the current application (entered input data not 
saved). Press "H" for help, and the fol!owing menus will appear. 

rr========== MWCAP HELP --==========,¡ 

lJell Location: 
The location of each well is specified by a Cartesian coord
iriate pair (x,y). lJell locations DNSt reside vithin the study 
area defined on the previous MWCAP input acreen, or an error 
will occur. 

lJell Discharge: 1 

The pumping value for each well must be in ft**3/day or 
m**3/day. Because the flow field is assumed to be at steady 
state, only ope discharge value par well is required. MWCAP 
assumes that all wells are pumping wells. The sign of the 
pumping value does npt matter, it is set in the coda. 

Transmissivity: 
The transmissivity (T) of an aquifer is a measure of the ease 
with which water can travel through the porous media. T is 
often computad from the equation T·Kb, where K-hydraulic 
conductivity and b-aquifer thickness. The units of T are 
ft**2/day or m**2/day. 

rr=====================MWC~ HEU =======================9 
Gradient: 

The hydraulic gradient (ft/ft or m/m - dimensionless) is most 
commonly measured from a map of piezometric surface or water 
table elevations. The average ambient gradient should be in· 
put to the model, and therefore gradients prior to pumping, or 
gradients not affected by che cene of depression should be used. 

Direction of Ground-lJater Flow: 
Ground water flows from areas of high hydraulic head towards 
areas of low hydraulic head; for homogeneous, isotropic 
aquifers the direction of ground·water flow is perpendicular to 
the hydraulic head contours. At a· given site, the direction of 
ground-water flow may be variable; in this case the average, 
most dominant direction should be used. The direction of flow 
may be 0-360 degrees, with Q-due east, 9Q-due north, etc. 

Press any key to continua <ESG-abort> 

14 
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r.============- HWCAP HELP ========-====;, 
Porosity: 

Porosity (dimensionless) is defined as the volume of the 
voids within the aquifer divided by the cotal volume of the 
aquifer. Ic muse always be less than one by definicion, and 
values of 0.15-0.30 are characceriscic of mosc aquifers. 

Thickness: 
The aquifer thickness has unics of fe or m. If the aquifer 
has a variable thickness, an average value for Che aquifer 
(generally in the vicinicy of the pumping well) should be 
usad. 

Press any key co:concinue 

At any point while these help scrccns are displayed, pressing the E.scape key will retum you · 
to the appropriate model input screen, while pressing any other key will advance you to thc 
next help screen. Once you havc entered the required values for the present input screen, 
you will move through two more input screens in sequence 

BOUNDARY CONDI!ION INPUT FOR ~LL # 1 

Boundary !ype: O 

O - no boundary 
·¡ - scream boundary 
2 • barrier boundary 

' 
:' : . . 

:'•J •• ... •. , 
-: .. ,::__. . . - •, :r 

/ 
!;/') ... ,-,' 

Change Any Values On !his Screen (Y/N)? 

.-;: 

11 

<Enter> - selecc value <Ese> - options menu <Fl> - DOS shell 

:. 
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11 

CAPTUR.E-ZONE TYPE OPTION FoR YELL # 1 

Capcure-Zone Type Option: 2 

O - st:eady-stat:e 
1 - hybrid 
2 - t:ime-re1ated 

Travel Time: 3650 

Number of Path11nes Desired: 20 
(default: - 20) 

P1ot: Capcure Zone Boundary ? 1 
(o-No, 1-Yes) 

Change Any Va1ues On This Screen (Y/N)? 

<Ent:er> - select: value <Ese> - opt:ions menu <Fl> - DOS shell 

The above input screen is the last one for MWCAP. After entering the appropriate values 
and typing "N", the main MWCAP menu will reappear. 

r.====== MYCAP OPTION -========;¡ 

(N)ew Problem 

(C)ont:inue Current: Prob1em 

(S)ave Current: Problem 

(L)oad Previous Problem 

(R)un Model 

(P)lot Result:s 
t.. "'·:: 

,(D) irect:ory 

(H)elp 

(E)xit: 

... 

i b 
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At this point type "R" in arder to cxecute the MWCAP module. The message will appear 

When the MWCAP run is completed, the main MWCAP menu will appear again. At this 
point, type 7' to plot the results of the MWCAP run. Hit "Enter" to plot the current graph. 
and the following figure will appear 

"'' 

(N) 

(S)ave Ploc (H)ard Copy (O)verlay (R)ecrieve Ploc (M)ap Scale (E)xic 

At this poim the plotting module (GRAF) options may be used to save the plot file in 
ASCII, HPGL or ARC/INFO forrnat, to obtain a hard copy ifyou have access to one of the · 
output devices listed in Table 2.1, to overlay the results cf up to fúteen different WHPA 
model runs (this can not ,be done at this point because only on~ plot file has been created 
thus· far), to retrieve a 1previously created plot file, to scalc the plot arbitrarily or to 
correspond to sorne map scale, or you may exit the plotting module. 

To exit the brief WHPA model example, type "E" to exit from the plotting module, 
type another "E" to exit from the main MWCAP menu, and finally move the cursor to the 
"Exit" option on the main WHPA model menu. Uscrs are strongly encouraged toread the 
remainder of the user's guide prior to applying the WHPA model for capture zone 
delineation purposes. 

i ¡-
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.3.1 Introduction 

3.0 Problem DescriJ!tio_lluv .<11 

.. 
:,.·' 

',. 
A capture zone is defined as the zone surroÚ~ding a pumping well that will supply 

ground-water recharge to the well. The zone of contnbution (ZOC) of a well is identical 
to the capture zone of a well as defined in OGWP's "Guidelines for Delineation ofWellhead 
Protection Areas" (U.S. EPA, 1987). For two-dimenensional areal ground-water tlow 
problems, the capture zone corresponds to the area of contnbution súrrounding the well. 

A capture zone for a single well in a homogeneous, isotropic aquifer with an ambient 
uniform tlow is shown in Figure 3.1. Note that the cxtent of the capture zone in the 
downgradient directidn is defined by the location of a stagnation point. Water particles 
between the we!l and the stagnation point travel towards the well in a direction opposite to 
the regional hydraulic gradient. Water particles downgradient of the stagnation point travel 
in the direction of regional tlow, even though they may be located within the cene of 
depression of the pumping well. The stagnation point itself is defined mathematically as a 
point of zero ground-water tlow velocity. 

3.2 Capture Zone Types 

The WHP A model may be used to delineate three types of capture zones; steady-state, 
time-related, and hybrid. Steady-state and hybrid capture zones can only be obtained using 
the MWCAP option, while the remaining options as well as MWCAP may be used to obtain 
time-related capture zones. This section descnbes the three types of capture zones. 

3.2.1 Steady-State ·Capture Zones 

A steady-state capture zone is the surface or subsurface area surroundirig a pumping 
well that will supply ground-water recharge to the weJI over an infinite period of time. The 
typical outline of a steady-state capture zone for a single pumping well is depicted in Figure 
3.2. The open-ended shape of the capture zone is due to the fact that given enough time, 
any panicle of water upstream of the well, within the capture zone 

\•"' 
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Figure 3.1 

Terminology for Basic Capture Zone Analysis 
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Figure 3.2 

Generic Steady-State, Time-Related, and Hybrid Capture Zone Sbapes 

Capture Zone Types 

Steady-State 

Time-Relatad ·= 
Hybrid 
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boundaries, will eventually travel to the well. In practice, the upstream end of the capture 
zone would be "capped" in sorne rnanner due to physical and/or rnanagerial restrictions. For 
exarnple, a steady-state capture zone rnay terminate at a ground-water flow divide. 

3.2.2 Time-Related Capture Zones 

A time-related capture zone is the surface or subsurface area surrounding a purnping 
well that will supply ground-water recharge to the well within sorne specified period of time. 
When calculating time-related capture zones, . OGWP generally recommends that time 
periods of 10-25 years be considerecl 

A typical outline of a time-related capture zone for a single purnping well is depicted 
in Figure 3.2. A time-related capture zone is always represented by sorne closed shape. In 
general, time-related capture zones are less conservative (enclose srnaller areas) than steady
state or hybrid capture zones. As the specified time increases, however, differences between 
the three capture zone types in the proximity of the pumping well become neglig¡ble. 

Note that time-related capture zones may be calculated when the ground-water flow 
field is at steady-state. A steady flow field implies that the direction and magnitude of the 
ground-water flow velocity at any point within the aquifer is constant for all time; this 
concept should not be confused with the fact that it ta.kes some finite perlad of time for a 
water particle within a capture zone to travel to a pumping welllocated within a steady-state 
flow field. 

3.23 Hybrid Capture Zones 

As the narne implies, a hybrid capture zone is a combination between a steady-state 
and a time-related capture zone. A typical outline of a hybrid capture zone is shown in 
Figure 3.2. The hybrid capture zone is identical to the steady-state capture zone in all 
respects except tnat it is "capped" on the upstream end (Figure ·3.2). ,A panicle of water 
released from the rnid~po!nt of the capping segrnent will reach the pumping well within sorne 
specified time. Therefore, the cap on the hybrid capture zone approximates a segment of 
a tirne-related capture zone. The hybrid capture zone can be viewed as an implementable 
altemative to the steady-state capture zone. 

?1 
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4.0 Solution Technigues 

The WHP A model delineates capture zones about pumping wells using the particle 
tracking technique. The term "particle" is used only for conceptual purposes. One may view 
a particle as an individual water molecule or an individual molecule of a conservative tracer 
that moves through the aquifer coincident with the bulk movement of ground-water flow; 
dispersion and diffusion do not affect the particle location. 

To obtain steady-state or hybrid capture zones, particles are released from the 
stagnation point(s) of the system. Time-related capture zones are obtained by tracing the 
pathlines formed by a series of particles placed around the weD bore of the pumping welL 
The code uses both forward and reverse particle tracldng dependilig upon the option(s) 
selected. Forward tracking involves the tracking of particles in the direction of ground-water 
flow, while reverse tracking involves the tracking of particles in the direction opposite to 
ground-water flow. The foDowing two sections provide an introduction to the delineation 
of capture zones using the particle track:ing technique. For a more detailed explanation, · 
refer to Appendix A3. 

Although the term pathline is used throughout this document, it should be noted for 
completeness sake that pathlines correspond to streamlines for the case of steady ground
water flow. The term streamline, rather than pathline, is used often in the relevant 
literature. 

4.1 Particle Tracking 

The panicle tracking method requires knowledge of the ground-wa.ter flow velocity at 
any point within the aquifer. 
which may be written '!s: 

Q = KiA 

The flow velocities are expressed in terms of Darcy's Law, 
'. 

.• ¡ 

(4-1) 

where Q is the volumetric flow rate, K is the hydraulic conductivity of the porous medium, 
i is the hydraulic gradient (change in hydraulic head over sorne specified horizontal distance) 
and A is the cross-sectional arca of flow. The specific discharge (or Darcy velocity) is 
defined as: 

,, 
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4-2 Solution Techniqucs 

q = Q/A = Ki (4-2) 

The average pore-water velocity for an individual fluid panicle moving through the porous 

medium may be written as 

V = q/9 (4-3) 

where v is the seepage velocity and B is the effective porosity of the medium. Equation ( 4-

3) may be generalized to descnbe the x and y components of seepage velocity for two

dimensional, horizontal flow; 

(4-4) 

Severa! methods are available to obtain the seepage velocity components, vx and vY' 
for a given flow field. For the RESSQC, MWCAP, MONTEC and semi-~cal GPTRAC 

options of the WHP A model, the required velocities are obtained analytically. That is, there 

are exact mathematical solutions for seepage velocity programmed into the Fortran cede. 

Using these solutions, the cede solves for vx and vy :1t any specified location (X¡,y¡)-within.the · 

aquifer. 

The numerical option of the GPTRAC module uses a slightly different method to 
calculate velocities. 11ús option requires that hydraulic head values at the nodes of a 

rectangular grid be supplied to the cede. The grid may be a finite element or a finite 

difference grid. In the latter case, the nodes may be located at the grid-block centers (block

centered grid) or at the intersection of the grid lines (mesh-centered grid). Velocities at any 

location are then calculated using a simple analytical solution within each grid block (see 

Appendix C.3). The computed velocities are dependent upon the nodal hydraulic head 
values, and the grid b!ock hydraulic conductivity and effective porosity values. 

Once velocities can be determined, pathlines (the route that an individual panicle of 

water follows through an aquifer) may be delineated using panicle tracking. Panicle 

tracking delineates pathlines by calculating the distance dt, that is traversed in a given time 

dt. The distance a panicle travels during a given period of time is defined by 

(4-5) 

... 
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where 
., 

(4-6a) 

(4-6b) 

where dx and dy are the projections of dt on the x and y axis, respectively. In practi_ce, 
equations 4-5 and 4-6 are solved using sorne form of numerical integration; i.e. the 
differential dt is apprÓXimated by a finite time step <~.t, and the differential dt is approximat
ed by a finite spacial increment <~.t. Therefore, the path of a water particle may .be traced 
using 

"i+l = X¡ + AX , = X¡ + v;r.t (4-7a) 

Yi+l = Y¡+ AY = Y¡+ Vy<~.t (4-Th) 

•· where (X¡,y¡) is the location ofthe_·water particle at time t, and (X¡+l,yl+1) is the position of 
the particle at time t + At. 

The terms forward· and reverse particle tracking are used frequently throughout this 
document. Forward tracking refers to the procedure of tracking water particles in the 
direction of ground-water flow, while reverse tracking refers to the procedure of track:ing 
water particles in the direction opposite to that of ground-water flow. Since ground water 
flows towards a pumping well, reverse tracking is used when panicles are released about the 
circumference of a well bore. If particles are released upgradient of a purnping well, 
forward tracking is used to determine whether or not the panicle will be captured by the 
well. Forward tracking is based upon equations (4-7a) and (4-7b), and reverse track:ing is 
based upon these equations with the sign ofthe velocity terms vx and vy reversed (rnultiplied 
by negative ene). 

~- ., 

Forward tracking can be used to detefll14:1e whether or not a purnping well wW~ ·be 
contarninated by a particular contaminan! source. For exarnple, panicles released at the 
edge of a waste disposal facility rnay be forward-tracked for a specified time to determine 
if they will enter a puthping well If a production well has been contarninated, reverse 
tracking rnay be used to determine poten tia! sources of contarnination. To do this, particles 
would be released at the contaminated well and reverse-tracked through time to identify 
potential sources of the contarninated water. 



4-4 · Solution Teclmiques 

4.2 Pathline and Capture Zone Delineation 

Using the panicle track:ing method, pathlines within a region can be delineated for any 
specified travel distance or time. The general procedure is illustrated in Appendix B 
(Figure B.S). 

Time-related capture zones are delineated by placing a series of water paniclcs 
(generally about 20-50) at sequential locations along the perimeter of a small circle 
representing the well boundary. Individual pathlincs for each of thcse particles are then 
traced using reverse tracking. Pathlincs are terminated when the assigned travel time value 
is reached or when a plotting boundary is encountered (Figure 4.1a). The capture zone 
consists of the entire region enclosed by the delineated pathlines. 

To delineate the boundaries of steady-state and hybrid capture zoncs, it is convenient 
to release panicles from the stagnation point(s). Pathlincs that are forward tracked will 
terminate at the pumping well, while pathlines that are reverse tracked will end at a study 
area boundary (Figure 4.1b). The pathlines that emanate from the stagnation point(s) form 
the steady-state capture zone boundary. 

Note that in the case of Figure 4.lb where the capture zone intercepts the stream 
. boundary, the stream itself forms a segment of the capture zone boundary, and the two 

pathlines extending from the stagnation points to the well panition the well recharge 
attnbutable to the stream and the ambient aquifer flow respectively. The portien of the 
capture zone attributable to the stream is referred to as the "stream capture zone". 

The perimeter of a well bore and stagnation points are convenient locations to release 
· particles for capture zone delineation purposes; however, it is often desirable to release 
particles from other locations within the study area (see previous section on reverse and 
forward particle tracking). The RESSQC and GPTRAC options of the WHP A model allow 
the user to specify arbitrary starting particle Iocations. The pa.rticies may be either forward 
or reverse tracked. 

?" . -· 
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.5.0 Overview of the WHPA Model 

5.1 Objec:tives 

The priiiÍazy objective of the WHP A model is to assist State and local technical staff 
with the task ofWHPA delineation. Tbe WHPAmodel is an easy-to-use, widely applicable 
too! for WHP A delineation based on state-of-the-art technology of the ground-water indus
try. The model is designed for widespread use among technical staff who may have only a 
basic·understanding of ground-water flow processes and computer model applications on the 
ffiMPC. 

5.2 Structure and Organizatlon oC the WHPA Model 

The WHP A model can be divided conccptually into tWo majar sections. Tbe computa
tional modules section contains the Fortran programs that compute the capture zone(s) for 
a given physical scenario. All of the "number crunching" is performed by these com
putational modules. The remaining portian ofthe WHPAmodel is the user-interface. The 
interface provides an efficient mechanism for data entry as well as the viewing of model 
results. Tbe composition oí, and the relationship between, these two portions of the model 
is discussed in the next two sections. 

5.2.1 Computational Modules 

The WHP A model contains four majar computational modules: RESSQC, MWCAP, 
GPTRAC, and MONTEC. The capabilities of each of these modules is summarized in 
Table 5.1. Sorne users may recognize RESSQC as a modified version of the computer cede 
RESSQ presented by Javandel et al. (1984). Tbe remaining three modules were developed 
specifically for OGWP using state-of-the-art technology and sorne recently published .~rudi~ ___:_ 
available in the literature ( e.g.; Newsom and Wilson. 1988). The capabilities, assumptions, 
limitations, and input requirements for each of the computational modules are discussec! in 
detail in Chapters 6-9. A matrix chan of the input requirements for each of the computa
tional modules is provided in Table 5.2 The MONTEC module is not listed in Table 52; 
it has sirrular input requirements as MWCAP and semi•analytical GPTRAC with the addition 
that the uncenain aquifer parameters and their associated probability distnoutions must be 
specified. Note that each of the cornputational modules operare entirely independent of ene 

another. 



Module Name 

RESSQC 

GPTRAC 

MONTEC 

· Table 5.1 

Description oCWHPA Model Computational Modules 

Description 

Delineates time-related capture zones around pumping wells, or 
contaminant fronts around injection wells, for multiple pumping 
and injection wells in homogeneous aquifers of infinite areal extent 
with steady and uniform ambient ground-water flow. Well interfer· 
ence effeas are accounted for. 

Delineates steady-state, time-related or hybrid capture zones for 
pumping wells in homogeneous aquifers with steady and uniform 
ambient ground-water flow. The aquifer may be infinite in areal 
extent or the effectS of nearby stream or barrier boundaries can be 
assessed. lf multiple weDs are examined, the effectS of well inter
ference are ignored. 

Semi-analytical Option: Delineates time-related capture zones for 
pumping wells in homogeneous aquifers wit:: steady and uniform · 
ambient ground-water flow. The aquifer may be of infinite areal 
extent, or it may be bounded by one or two (parallel) stream 
and/or barrier boundaries. The aquifer may be confined, leaky 
confined or unconfined with areal recharge. Effects of well inter
ference are accounted for. 

Numerical Option: Delineates time-related capture zones about 
pumping wells for steady ground-water flow fields. Since this op
tion performs particle tracking using a head field obtained from a 
numerical (finite difference or finite element) ground-waier flow • 
cede, many types of boundary conditions as well as aquifer he tero· 
geneities and anisotropies may be accounted for. 

Performs uncertainty analysis for time-related capture zones for a 
single pumping well in homogeneous aquifers of infinite areal 
extent. The aquifer may be confined or leaky confined. 

' / _,_ ~. ,.._,' -.. 
.::- ,. , - ~ .. ./ - ·" ·" r , ,· 
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Table 5.2 

'. 
Required Input for WHPA Model Computational Modules . -

GPTRAC 

Semi-
Requlnd Input RESSQC MWCAP analytfcal Numerfcal 

Unirs used • • • • Aquifer type• • Study arca limirs • • • • Maximum step length • • • No. of pumping wells • • • • . ; 
i 

No. of recharge wells • • • Welllocations • • • • Pumping(mjection rates • • • • Aquifer transmissivity • • • • Aquifer porosity • • • • Aquifer thickness • • • • Angle of ambient flow • • • Ambient hydraulic gradient • • • Areal recharge rate • Confining !ayer hydraulic 
conductivity • Confining !ayer thickness • Boundaty condition type • • Perpendicular distance from 
well to boundary • Orientation of boundary • • - -

Capture zone type - -- - - . • No. of pathlines used to 
delineate capture zones • • • • Simulation time • • • Capture zone time • • • • Rectangular grid parameters • No. of forward/reverse pathlines • • • Starting coordinates for 
forward/reverse pathlines • • • ~t Nada! head values • 1 No. of heterogeneous 

' aquifer zones 1 • j Heterogeneous aquifer propenies • 
• Confined. unconfined or leaky-confined. 



;-4 Overvicw of tbe WHP A Model 

There are two majar assumptions co=on to ID! of the computational modules; 1) flow 

in the aquifer is at steady-state, and 2) flow in the aquifer is horizontal (two-dimensional in 

areal view). The first assumption implies that the aquifer is under equihbrium conditions, 

and therefore temporal variations in sources and sinks (including pumping) are not 

considered. The WHPA model is therefore most applicable to continuously used water

supply wells. For RESSQC and MWCAP, the second assumption implies that the aquifer 
is coofined, or unconfined if the drawdown-to-initial sarurated thickness ratio is small 

(approximately less than 0.1). This assumption is also applicable for the confined aquifer 
optior; in GPTRAC, but this module also has a special unconfined aquifer option that may 

handle drawdown ratios much larger than 0.1 with minimal error. None of the modules 

simulate vertical flow of water within the aquifer explicitly. 

5.2.2 Preprocessor 

The desired computational module (RESSQC, MWCAP, GPTRAC or MONTEC) is 

selected from the main WHP A model menu ·bat appears immediately after the disclaimer 

screen when the code is run. Each of the modules have preprocessors that provide for the 
convenient, interactivo input of parameters. Parameter values are entered through a series 

of input screens that appear on the monitor. Each input screen has one or more associated 

help screens that define the input parameters and guide the user in the selection of 

appropriate modeling options. The user is prompted only for those parameter values that 
are required for a given application. 

5.2.2.1 Computational Modules Main Menu 

The "main menu" for each of the computational modules will appear after the desired 

module is selected from the main WHPA model menu. The available options are as follows: 

• 
(N)ew Problem 
(C)ontinue Current Problem 
(S)ave Current Problem 
(L)oad Previous Problem 
(R)un Model 
(P)lot Results 
(D)irectory 
(H)elp 
(E)xit 

~·· . ' 

The desired option is invoked by depressing the letter key marked by parenthesis. 
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The ''New Ptoblem" option initiates a new run of the computational module. In this 
case, a1J of the problem input parameters will need to be entered at the appropriate input 

ser e en. 

The "Continue Curren! Problem" option may be used when a problem has been run, 

and the user wishes to rerun the code using the same, or similar, simulation options and/or 

input parameters. When this option is chosen, the input parameters (e.g., welllocation) and 

simulation options (e.g., capture zone type) will be echoed to the screen as each input 

window appears. The user may then selectively change any input value, and input 

parameters for the entire problem need not be reentered. 

The "Save Current Problem" option is useful for saving the input associated with a 
particular capture zone delineation scenario. The input is saved in a user-$pecified file. 

_ Users should not confuse this option with the "Save Plot" option available in the GRAF 

module. The "Save Plot" option saves the actual capture zone plot file output by a 

computational modUle; the "Save Current Problem" option saves on!y the input parameters 

required to calculate the capture zone(s). 

The "Load Previous Problem" option is used to retrieve applications that were saved 

previously using the "Save Current Problem" option. 

Note that the "Save Curren! Problem" and "Load Previous Problem" options support 

the use of full DOS pathnames. Therefore, files may be saved to, or retrieved from, drives 

and directories other than the curren! drive and the curren! directory. 

The ''Run Model" option initiates execution ofthe selected computational module (e.g. 

GPTRAC). The computed pathlines and capture zones are automatically written to the 
WHP A.PL T file for subsequent plotting using the "Plot Results" option. Another, more 

· extensive outpur. file that contains an echo .of the input parameters as well··as the model 

output is written for each run (section 5.2.3.4). 

Once an application has been run, the "Plot Results" option will produce a plot of the 

calculated capture zone(s) on the screen. When this option is selected, the file WHPAPLT 

is plotted by default, or other plot files may be retrieved or overlayed. 



The "Directory" option may be used to display a listing of the files that reside in any 
directory. When this.option is selected, the user is prompted for a pathname for which a 
directory is to be displayed. The default (Enter key) is to display the contents of the current 
directory. The directory option also supports use of the DOS wildcard character ( •) in file 
names. 

The ''Help" option wi1l display a brief description of the other options, and the "Exit" 
option retums the user from the selected computational module to the main menu of the 
WHPA code. 

5.2.2.2 Input Screens 

If the "New Problem", "Continue Current Problem" or "Load Previous Problem" are 
selected from the main menu of the executable module, the user is prbmpted for the 
required model parameters through a series of input screens. A typical input screen is 
shown in Figure 5.1a; this particular screen was selected from the MWCAP module 
preprocessor. For the application shown, the user has already input the location of pumping 
well number one, and the next value that must be entered is the well discharge rate. At this 
point the user simply types in the discharge value. On!y numerals and decimal points wi11 
be accepted - letters or other symbols wi11 not appear on the screen. The arrow keys may 
be used to move to the left or right of the current cursor position; they may not be used to 
move the cursor up or down. The input fi~!d width is 10 spaces for real values and 1-5 
spaces for integer values. If the cursor is moved past the end of this invisible "box", it wi11 
appear at the first space again. Real and integer values are distinguished automatically by 
the program, and therefore a decimal point does not need to be typed if a va!ue is real. If 
a mistake is made typing in the value, the Backspace or the Delete key may be used. The 
Delete key clears the entire input field and positions the cursor at the beginning of the field. 
Finally, the Enter key wi11 enter the typed va!ue into the program and position the cursor 
at the beginning of the next input field. If an input field is left blank, a zero va!ue will be 
assigned to the corresponding parame:er ;f a non-~~r~ _default is not specified. 

Certain input va!ues are ~ot admitc•.:d if they are inappropriate for the curtent 
parameter. For example, WHP A will not accept negative val u es for transmissivity or aquifer 
thickness, and porosity values must be between zero and one. 
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Figme 5.1. 

Typical WHPA Modellnput Screen (a) and 
Typical Input Screen With The Options Meno IDvoked (b) 

. AQUIFER. PROPERnES AND LOCAnON FOR m.t. 1 1 

X Coordinate (m) : 500 
Y Coordinata (m): 1500 

Vell Diseharge Rata (m**3/d): 
Transmissivity (m**2/d): 

Hydrau11e Gradient (dimensiODless): 
Angla of Amhient Flow (de~ees): 

Aquifer Porosity (dimensiouless): 
Aquifer Thickness (111) : 

<Enter> - se1ect value <Ese> - options menu <F1> - DOS she11 
(a) 

AQUIFER PROPERTIES AND LOCATION FOR VELL § 1 

X Coordinate (m): 500 
Y Coordinare (m): 1500 

Well Diseharge Rata (m**3/d): 
Transm1ss1v1ty (m**2/d): 

Hydraulie Gradient (dimensionless): 
Angle of Ambient Flow (de~ees):. 

Aquifer Porosity (dü11:msionless) :· 
Aquifer Thickness {m): 

t-..· 

(H)ELP (M)AIN (N)EXT (P)REVIOUS (S)UMMARY (Q)UIT 

<Enter> - select value <Ese> - options mem1 <F1> - DOS sbel1 
(b) 



If the "Load Previous Problem" or the "Continue Current Problem" is selected, the 
values of each input_ parameter and model option that cxist in the current data set will 
appear automatically on the screen. These values may be changed either by typing a new 
value, in which case the previous value is erased, or by using the arrow keys to selectively 
change one or more digits in an input field. In any case, the value that exists on the screen 
when the Enter key is depressed will be the value that is read by the code. 

Another useful option avauable ¡,y· typing the Fl key is the ability to · exit to DOS. 
Wben this option is invoked, the WHPA model resides in memory, and you may retum to 
the model at any time by typing "EXIT' (this procedure is the same as that used by 
Lotus 123 and other co=ercial software packages). Exiting toDOS may be useful if you 
want to view certain files or directories at the DOS leve~ but you do not wish to exit.the 
WHP A model to do so. If this option is invoked, remember to retum to the WHP A model 
at sorne point and exit the cede in a normal fashion. · 

Once aJl of the required parameters on a given screen have been e~tered, the prompt 
"Change Any Values on This Screen (Y IN)?" wiJl appear. If a "Y" is typed, the cursor wi1l 
be repositioned at the beginning of the first input field so that one or more parameter values 
can be changed. The Enter key can be used to move down the screen to each parameter 
input field. If a "N" is typed, the next input screen will appear. 

5.2.2.3 Options Menu 

The options menu can be accessed from any input screen by depressing the Escape 
key. Figure 5.lb shows the same input screen as in Figure 5.1a after the Escape key has 
been depressed. The options available are as follaws: 

Help 

M a in 

Next 

Previous 

Summary 

Quit 

Invoke a series of 1-4 pop-up help screens to assist the user in 
selecting appropriate parameter·va!ties ·and modeling optior:s. 

.. : . . ·-.. .. . ': 

Exit the current application and returc~.to the main menu of the 
current computational module. Changes (if any) to the current data 
set will be saved. May also use the Heme or End keys. 

Move to thc: next input scrc:en. May also use: tbc: Pagc: Down key. 
. ·'. . .. 

Move to the previous input screen. .May also use the Page Up key. 
'.. . ' .•...... ·:·,.~:.J,>>'>'!<o,;.·, ..... _ .:..'>• ,. ;,,,,: .. · .. 

Obtain a summary of the input.values associated with the current 
application and each well. · · 

Stop execution of the current·co~pntati~nal.module. Changes (if 
any) to the current data set wilr not be saved. · 
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The desired function is selected by typing the first letter. of the corresponding word ( e.g., 
type 'H' to access the help screens). Depressing the Escape key again will clear the options 
menu. Note that you can perform sorne of the functions on the options menu by using the 
Home, End, Page Up or Page Down keys directly. 

5.2.2.4 Input Files 

Each time one of the WHP A code modules is used to run a problem, the parameter 
values input vía the preprocessor are saved in a file in the current directory. The default 
file names are as follows: 

. These files are used by sorne of the main menu options. For example, if the user has run 
an application using MWCAP, and then depresses "S" for "Save Current Problern", the file 
MWCAP.SAV would be copied to the user-specified file name. If the user wishes ata Jater 
time to rerun the problern, the file could be retrieved using the ''Load Previous Problern" 
option, and the file that the input parameters . were. stored in would be copied to 
MWCAP.SAV. 

5.2.3 Postprocessor 

The postprocessor of the .WHPA code is a plotting routine narned GRAF. When any 
of the executable modules has been successfully run, the GRAF rJodule rnay be invoked to 
plot the capture zone resuiis on the monitor. The capture zones for multiple wells wiJI be 
plotted in different colors if a color moniior is used, or in different shades of amber ( or the 
default display color) if a monochrome monitor is used. lf, in addition to capture zone 
analysis, forward- and/or reverse-tracked pathlines are specified, all of the forward-tracked 
pathlines and/or all of the reverse~ tracked pathlines wlll be plotted in the same color. A 
hard copy of the plot can be obtained from any of the printer or plotter output devices listed 
in Table 2.1. 



5.2.3.1 GRAF Module Options 

The plot of an example application of MWCAP is shown in Figure 5.2 as it would 
appear on a monitor with EGA resolution ( colors not reproduced). Once the capture zones 
are plotted, the user may select one of the six listed options to continue execution of the 
code. The function of each option is documented in Table 5.3. The options are invok.ed by 
typing the first letter of the description ( e.g., type "S" to save the curren! plot file). 

The default plot file generated by WHP A is WHP APLT. This file is copied to a user
specified file name if the "Save Plot" option is invoked. The file can be replotted using the 
new file name and the "Retrieve Plot" option. The "Overlay" option retrieves up to 15 plot 
files consecutively, and plots them one on top of the other. Wben the overlay option is used, 
the plotting information for the overlay plot is saved in the file WHP A.BLD. Therefore, the 
"Save Plot" option may be used subsequent to the "Overlay" option to save a series of related 
plots that have been overlayed. The overlay feature is particularly useful for sensitivity 
analysis, where the effect ofvarying input parametervalues (e.g., transmissivity) on the size 
and shape of a capture wne is investigated. 

, The output from an four computational modules is stored in a companble format, and 
therefore plots produced using different modules may be overlayed. However, prior to 
overlaying two plots, GRAF checks if the length units (ft or m) for each plot are companble. 

· If they are not, an error message is displayed and the user must choose another GRAF 
option. If two plot files contain different values for the minimum and maximum x and y 
coordi.;Jates, the smallest values will be used for the mínimum coordinates and the largest 
values will be used for the maxirnum coordinates when the plots are overlayed. This 
procedure ensures that a portian of a plot is not erased inadvertently. 

The "Map Scale" option allows arbitrary scaling of the plot or automatic scaling of the 
plot to one of five standard USGS topographic map scales. The map scales available are 
Iisted in Table 5.3. This option enables the user to transfer capture zone results dir~ctly 
from WHP A model hard copy output to project base maps. Note that the physical area 
available for plotting varies with the selected output device, and therefore capture zones that 
are Iarge relative to the selected map scale may. be truncated in the x and/or y plotting 
directions. Most of the available output devices (standard EPSON, OKIDATA, NEC and 
IBM dot matrix printers and HP LaserJet Iaser ;>rinters) are limited by a maximum plot size 
of 10 x 8 inches. The wide carriage version of the dot matrix printers have a maximum plot 
size of 13.6 x 10 inches. The available plot size for the Hewlett-Packard and Houston 
Instruments pen plotters varies widely with the model type. 

..... 
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Figure s.2 

' . Typical WHPA Model Plot Displayed on CRT Monitor Using the GRAF Module 
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Option 

Save Plot 

Hard Copy 

Overlay 

Map Scale 

Retrieve Plot 

Exit 

Table 5.3 

GRAF Module Options 

Function 

Saves the current plot file (WHPAPLT) toa user-specified 
file name. File may be saved in ASCII, HPGL, or 
ARCIINFO format. 

Generates a hard copy of the capture zone plot on any of the 
output devices listed in Table 2.1. 

Plots up to 15 plot files, one on top of the other. The user is 
prompted for the names of the files to plot. Plot will not be 
genera ted if the units specified for ea eh plot file are no( 
companble. 

Allows the user to scale the plot (up or.down) to any,arbitrary 
ratio or to one of S standard USGS torographic map scales 
(7.5 minutes, 7.5 x 15 minutes, 15 minutes, 30 x 60 minutes, 1 
x 2 degree). 

Plots a single, user-specified plot file. 

Exit the GRAF module and retum to the main menu of the 
current computational module. 
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The "Hard Copy" option allows the user to obtain a capture zone plot on EPSON, 
OKIDATA, NEC Pinwriter or mM Proprinter (or companble) dot matrix printers; HP 
LaserJet or companble laser printers; and Hewlett-Packard and Houston Instruments pen 
plotters (or compatibles). The output device and the appropriate pon specification {LPT1, 
LPT2, COM1 or COM2) are selecte_d using the SETIJP program (see section 21). Th~ dot 
matrix and laser printers are monochrome output devices and only oÍ! e ·color is used for 
plotting. Most pen plotters have six or more pens available. If a monochrome plotting 
mode was selected in the setup routine, only pen 1 of the plotter will be used to plot the 
WHP A model results. If the color plot option was selected, the axis and borders of the plot 
will be plotted using pen 1, but the capture zones and pathlines will be plotted using the 
remaining pens in sequential arder (i.e., pen 2 for the fust capture zone, pen 3 for the next 
one, etc.). 

It should be noted that when the GRAF module is first invoked the six options 
descnbed above appear in menu form prior to the actual plot of the capture zone(s). To 
proceed with the plot at this point, simply depress the Eriter key. However, you may also 
invoke any of the options listed prior to plotting the graph. For example, you may use the 
"overlay" option to enter two or more file names, and then the overlayed plot will appear 
when the capture zone(s) are plotted. This procedure is useful because the GRAF module 
options may be invoked prior to viewing the plot. 

The GRAF module is designed in such a way that scale distonions will not occur when 
capture zones are plotted: 1 ft or m along the x-axis will always equal 1 ft or m along the 
y-axis. For example, if the x-axis represents a distance of 6,000 ft when plotted, and the y
axis represents a distance of 4,000 ft, the length of the plotted y-axis will be equal to two
thirds the length of the plotted x-axis. The scaling is precise when model results are plotted 
on an output device, but only approximate when results are plotted on the monitor. 

5.2.3.2 HPGL File Option 

The "Save Plot" option allows the user to save plot files in Hewlett-Packard Graphics 
Language (HPGL) format. HPGL is a commonly used standard in the computer graphics . 
industry, and consequently many word processing, desktop publishing, computer aided design 
(CAD) and specialized computer graphics packages have the capability to import and 
process HPGL files. Most of these software packages also have the capability to output 
graphics images (capture zone plots) on numerous types of laser and dot-matrix printers. 
Step-by·step instructions for incorporating a HPGL file into WordPerfect are presented in 
Appendix D. TIUs option was included to aid users that do not have access to any of the 

- o 
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output devices listed in Table 2.1, or who may wish to incorpora te capture zone plots directly 

into reports or documents. 

Users are cautioned that the original plot scale may not be maintained by all software 
packages. If secondary software is used to impon and subsequently output WHP A modd 
HPGL files, the size of the resulting plot should be carefully checked. 

5.2.3.3 ARC/INFO File Option 

A geographic information system (GIS) can be a valuable tool in a WHP program. 
GIS technology is commonly used to integrate and analyzc numerous types of spatial data. 
A particularly common use of a GIS is to develop maps or "coverages". A coverage may 
consist of the spatial representation of a single attnbute, such as land use, or of multiple 
attnbutes, such as land use, aquifer type, and municipal weli locations. Schooley (1989) used 
a GIS in a pilot project to eliminate wells from the WHP progra.m that were not 
immediately suscepnble to contamination; to prioritize the remaining wells for WHP A 
delineation; and to target problem sites for more intensive monitoring. enforcement, and 
remediation efforts. 

The "Save Plot" option provides a facility for saving WHP A model results in an ASCll 
file that may be used as input to the ARCIINFO proprietary GIS developed by the 
Environmental Systems Research Institute (ESRI). The ARC/INFO file option is designed 
to construct files companble with the ARC GENERA TE UNES command. Note that once 
an ARC/INFO input file is obtained using WHPA, additional processing may be required 
to convert the WHP A model Cartesian coordina tes to the appropriate coordinate system 
(perhaps latitude and longitude or state plane) used for the GIS application. Such 
processing should be performed by a GIS specialist. 

Although the WHP A model suppons output specifically for the ARC/INFO software, 
it is a relatively simple matter to process the standard WHPA model plot files for input into 
other GIS packages. 

}) 



5.2.3.4 General Output Files 

Each time an executable module of the WHP A cede is I1UI, a default ASCll output 
' file is generated. The output file names are as follows: 

Each output file contains an echo of the problem-specific input parameters, and the output 
(capture zone and pathline coordinates) calculated by the cede. Rcfer to Chapter 9 for a 
description of additional files created when MONTEC is used. 

53 Selection of Appropriate Modeling Options 

Selection of the appropriate modeling options depends on the problem at hand. 
Tables 5.1 and 5.2 can be used as guides in determining the appropriate computational 
module to use. For example, if a user wishes to delinea te capture zones for multiple, closely 
spaced pumping wells in ,a well field, the RESSQC or GPTRAC semi-analytical modules 
should be used beca use the effects of well interference are accounted for. If a user wishes 
to delineate steady-state or hybrid capture zones, the MWCAP module must be used. lf 
recharge wells exist and their effect on the flow field is deemed imponant, the RESSQC or 
GPTRAC semi-analytical modules should be used. If observed hydraulic head values in the 
field or output heads from a rwo-dimensional numerical modelare available, the GPTRAC 
numerical option may be used. ,, 

To better unde-rstand the capabilities and lirnitations of e~ch computational module, 
as well as simplifyi¡¡g assumptions that may or may not be appropriate, users are strongly 
encouraged to work through the practica] examples presented for each module at the end 
of Chapters 6-9. 

5-15 
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6.0 RESSOC Module 

6.1 Introduction 

The RESSQC module is a slightly modified version of the RESSQ code presented by 
Javandel et al, 1984. The "C' was added to the program name because the code was 
specifically modified for "C"apture zone delineation purposes. RESSQ was originally 

designed to delinea te contaminant fronts about injection wells, and this capability is retained 

in RESSQC. 

6.2 Capabllities 

· RESSQC can be used to delineate time-related capture zones for a system of one or 

more pumping(mjection wells that fully penetrate a homogeneous aquifer. The presence of 
a stream or barrier boundary can be simulated using image well theory, but the image wells 

need to be supplied explicitly to the code. If a stream or barrier boundary cxists, the user 

may save time and avoid mistakes by using the MWCAP or semi-analytical GPTRAC option. 

The effects of well interference are accounted for through superposition of solutions. A 
maximum of 50 pumping wells and 20 injection wells may be used in RESSQC. 

The number of pathlines reverse tracked from each pumping well may be defined 
interactively by the user. In addition, particles can be released at any point within the 

system to be subsequently forward or reverse tracked (depending upon whether contaminan! 

fronts or capture zones are delineated). 

6.3 Assumptions and Limitations 

Caprure zones and ·contaminan! fronts delineated using RESSQC are valid for fully 

penetrating pumping and injection wells screened in aquifers that.are essentially homoge~eo
us. Ground-water flow must be two-dimensional in the x-y plane, and therefore the aquifer 

may be confined or unconfined if the drawdown-to-initial saturated thickness ratio is small 

(less than approximately 0.1 ). Steady ground-water flow is assumed. 

'X 
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If a stream · or a barrier' boundary is implemented using image well theory, the 
boundary is assumed to be a straight Iine and fully penetrate the aquifer. · The latter 
assumption is often violated in cases where stream boundaries exist. The effect of a panially 
penetrating stream may be an imponant one and each application should be examined on 
a site-by-site basis. In general, the greater the depth and breadth of the stream in relation 
to the aquifer thick:ness, the more valid the fui1y penetrating stream assumption. Also, 
stream boundary partial penetration effects decrease as the distance from the stream to the 
well increases. The stream and the aquifer are assumed to be in perfect hydraulic 
connection; the effects of a "clogging Jayer" between the streambed and the aquifer are not 
considered. 

If. in actuality, the stream is partially penetrating and/or there is a clogging !ayer of fine 
grained material that lines the streambed, the capture zone obtained using RESSQC wi11 be 
smaller than the "true" capture zone. The amount of error incurred wi1J be dependent upon 
the degree to which the above assumptions are violated. 

6.4 Input Requirements 

The input requirements for the RESSQC option are outlined in Table· 6.1. The well
specific parameters must be input for each well specified in the study arca. 

6.5 Example Applications 

Two examples are presented that illustrate use of the RESSQC module. The first 
example is a hypothetical one taken from Javandel et al. (1984). The second example is a 
site application in the vicinity of Corning, New York. 

6.5.1 Hypothetical Example 

Because the RESS,QC module is an amended versipn .·{t;le RESSQ code (Javandel 
et al. 1984), the example problems presented in Javande!'et al. were run using RESSQC to 
ensure that the changes made to. the code did not alter its origir:al capability. The original 
RESSQ code has been verified, field validated and used extensively by numerous users (van 
der Heijde and Beljin, 1988). 

The second example problem presented by Javandel et al. is depicted in Figure 6.1. 
In this example there is one injection well and one pumping well with equal rates of injection 
and pumping. Uniform ambient flow within the aquifer occurs at an angle of 45° 

:__. -' 
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Table 6.1 

RESSQC Input Requirements For Deüneation or Capture Zones 

(Input Ditrers Slightly For Deüneation oC Contaminant Fronts) 

Program Variable 

For each problem -
IUNIT: 

NWP: 

NWI: 
XMIN: 

. XMAX: 

YMIN: 
YMAX: 

TRANSM: 

GRADNT: 
ALPHA: 

POR: 

HEIGHT: 

DL: 
TMAX: 

NCAPZ: 

NRPATH: 

Description 

Defau!t units of input parameters (feet and days or meters 
and days) 
Numbcr of pumping wells within the study area 

Number of recharge (injection) wells within the study area 

Minimum x-coordinate of study area (ft or m) 

Maximum x-coordinate of study area (ft or m) 

Minimum y-coordinate of study area (ft or m) 

Maximum y-coordinare of study area (ft or m) 

Transmissivity of the aquifer (fil/d or m2/d) 

Regional hydraulic gradient (ft/ft or m/m) 
Angle of ambient ground-water flow (0-360") 
Aquifer porosity (dimensionless) 

Aquifer saturated thick:ness (ft or m) 
Largest allowable step Iength, dt (ft or m) see section 4.1 

Maximum amount of time for calculating the trace of a pathline 
(days) 

Number of time-related capture zones to be calculated for each 
pumping well (maximum = 7) 
Number of reverse-tracked pathlines staned at arbitrary Iocations 
within the study area 

For each capture zone (t=l, NCAPZ)-
DATE(!): Time value for capture zone (days) . . 
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Table 6.1 {cont'd) 

RESSQC Input Requirements For Delineation or Capture _Zones 
{Input Di.ffers Slightly For Delineation oC Contaminant Fronts) 

Program Variable Description 

For each pumping well {1=1, NWP)-
XW(1,I): 
XW(2,I): 

QPWELL(I): 
RADW(I): 

f!RW(I): 

NPATII(I): 

x-coordinate of well (ft or m) 
y-coordinate of well (ft or m) 
Well discharge rate!l {ftl/d or m3/d) 
Well radius (ft or m) : default = 0.3 ft or 0.1 m 
Ratio of nwnber of pathlines to the nwnber plotted ( = 1 to plot 
all pathlines, =2 to plot every other pathline, ~te.) 
Nwnber of pathlines to be computed to delineate time-related 
capture zone (default = 20) 

For each injection well {I=NWP + 1, NWP + NWI) -
XW(l,I): x-coordinate of well (ft or m) 
XW(2,I): y-coordinate of well (ft or m) 

QPWELL(I): Well recharge rate!l (ftl/d or m3/d) 
RADW(I): Well radius (ft or m)- default = 0.3 ft or 0.1 m 

For each forward tracked pathline {1=1, NRPATH) -
RSTART(I,l): x starting coordinate (ft or m) 
RSTART(I,2): y starting coordinate (ft or m) 

Y The sign ( + ,-) of the discharge or recharge rate need not be specified. 

!.¡,... . _, 
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Figure 6.1 

Contaminant Fronts Delineated Using RESSQC for Hypothetical Example 
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with respect to the x-axis. Note that the values of transmissivity (T) and hydrau!ic gradicnt 
(i) agree with the 0.14 m/d porc water vclocity specified by Javandel et al. 

Beca use tbe original RESSQ code was dcsigned to track the location of contaminated 
water emanating from injcction wells, option 2 of RESSQC (delinea te contaminai¡t fronts 
about injection wells) was used to obtain Figure 6.1. In addition, 40 pathlines (plotted at 
intervals of four) wcre spccified. A comparison of Figure 6.1 with Figure 19 in J avandel et 
al. (1984) shows a perfect corrcspondence .. The three concentric rings about the injection 
well in Figure 6.1 represent the areal extent of the injected water front for the time periods 
of 0.5, 2 and 4 years. 

To test the capture zone delineation capability of the RESSQC code, the problem 
specified above was rerun with the only change being that simulation option 1 was used 
(delinea te capture zoncs about pumping wells). Tbe results of this run are shown in Figure 
6.2. As expected, Figure 6.2 is a rotated image óf Figure 6.1. In Figure 6.2, the concentric 
rings about the pump'ing well represent the 0.5-, 2- and 4-year capture zoncs for the 
pumping well. Note that when .delincating contaminant fronts the forward track:ing method 
is used {particlcs are tracked in the direction of ground-water flow), while when delineating 
capture zones the revcrse track:ing method is used {particlcs are tracked in the direction ;.t 

opposite to that of ground-water flow). 

6.5.2 Corning .Example 

For tbe next example, RESSQC was uscd to dclineate the capture zones for three wells 
withdrawing water from the surficial aquifcr in the vicinity of Coming, New York. The data 
for this example was taken from Bailaron ( 1988). 

Figure 6.3 is a general site map of thc study region. The valley sediments in the 
vicinity of Corning consist of stratified glacial drift deposits that are primarily interbedded 
silty to clean sands and gravels. Relatively thin deposits of lac11strine clay, silt and fine sand 
exist over much of the valley and separa te a surficial, unconfin~ .aquifer from a confined 
to semi-confined aquifer at depth. Two cross sections through the study area are presented 
in Figure 6.4. 

For the current example three wells screened in the surficial aquüer are considered. 
Recharge from the Chemung River, local recharge from precipitation, and leakage between 
the surficial and lower aquifer units were neglected. Hence, the capture zones computed 
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Figure 6.2 

Capture Zones Delineated Using RESSQC for HypotheticaJ Example 
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Figure 6.3 

General Si te Map of Chemung River Valley in the Vicinity of Corning, New York 
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Figure 6.4 

Cross Sections F-F' and G-G' in the Vicinity of Corning 
Reproduced from Ballaron (1988) 
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using RESSQC are conservative estimates (tbey are larger in areal extent tban they would 
be if al! sources of recharge to tbe well were incorporated into the analysis). 

The locations of tbe three pumping wells are superimposed on a pre-pumping steady
state head map (refer to Section 8.3.4.2 for details on how the head map was obtained) in 
Figure 6.5. From tbis map tbe hydraulic gradient (=0.0019) and tbe direction of ambient 
ground-water flow ( -45) was obtained. Additional required information such as reasonable 
pumping rates for tbe wells, an average hydraulic conductivity of 150 ft/d, and an average 
saturated thick:ness of 25ft were taken from Bailaron (1988). 

The five-year capture zones for tbe three pumping weDs delineated using RESSQC, 
as well as the input data used, are illustrated in Figure 6.6. Note that in this example 
interference effects between the tbree wélls are significant; tbe two wells farthest upgradient 
( about in tbe middle of tbe study area) intercept a majar portian of the ambient aquifer flow 
that would otberwise supply recharge to tbe third well. The capture 
zone of the third well, therefore, assumes a complex, contorted shape because it must draw 
water from regions of tbe aquifer that are not enclosed by tbe capture zones of tbe first two 
wells. 

The thiee pumping wells e.Yamined in tbis exercise were assumed to be screened over 
the entire saturated thickness of the surficial aquifer. Because the aquifer is unconfined, its 
saturated thick:ness decreases as water is witbdrawn by pumping wells due to dewatering of 
the effective pare space. The assumptions inherent in tbe RESSQC, MWCAP, and 
MONTEC modules are oÍlly valid for this type of system if tbe ratio of the drawdown at (or 
near) the pumping well(s) is small compared to the initial saturated thickness of the aquifer. 
In general this ratio should not exceed 20%, or 10% if one desires to be conservative. As 

a GPTRAC example in Chapter 8, the Coming case study was modeled using a numerical 
ground-water flow cede. The results of this simulation indica te a maximum drawdown to 
initial saturated thickness ratio of approximately 15-20%. This ratio is small enough that 
errors incurred dueto using the confined aquifer ground-water flow equations are acceptable· 
for demonstration purposes. 

Finally, the Corning example was rerun using the input parameters from Figure 6.6, 
only for this run one capture zone for 1,825 days (5 years) was specified. The results are 
shown in Figure 6.7. The crescent shapes ·are the 5-year capture zones that RESSQC 
delineates for e:~ch well. 

:! 
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Figure 6.5 

. . . . 
Predevelopment Water Table Map for Corning Region (Obtained From Numerical 

Si.mulation) and Locations of'l'bree Surlicial Aquifer Pumping Wells 
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· These odd sh¡1pes often occur when capture zones are delineated using RESSQC for 
long periods of time - they obviously do not enclose the entire capture zone of the well. 
They occur because, iÍ:! arder to delineate time-related capture zones, the code traces a 
series of reverse pathlines from each well for a specified period of time. When a capture 
zone time is reached, the corresponding point on each pathline is saved. These points are 
then connected in sequential arder (i.e. the point on pathline 1 is connected to the 
corresponding point on pathline 2, then the point on pathline 2 is connected to pathline 3, 
etc.) When the last pathline is reached, its capture zone point is connected to the capture 
zone point on pathline 1; this final connection causes the line to be drawn that cuts across 
the pathlines and truncates the capture zone. The simplest way to avoid this shortcoming 
is to set the simulation time equal to the capture zone time desired, and then specify zero 
capture zone time values as was done for the first Coming run. This method produces clear 
plots and there is no ambiguity asto what arca is enclosed by the capture zone(s). 
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7.1 Capabilities 

7:.0 Multiple Well Capture 
ib*"'*~2!1~ 1Yt<t~ule (M)VCAf1w 

MWCAP is designed to provide efficient de!ineation of steady-state, time-related and 
hybrid capture zones for one or more pumping wells in homogeneous aquifers. Each well 
specified may be operating in an aquifer without a lateral boundary (an area1ly infinite 
aquifer), or in an aquifer with a stream or a barrier boundary (semi-infinite aquifer). If a 
stream or barrier boundary is present, the angle of ambient flow in relation to the boundary, 
as well as the orientation of the boundary itself, may be completely arbitrary. MWCAP 
requires that stream or barrier boundaries be represented by straight Jines in plan view. 

1..;#.-:'o/,~~ 

Although multiple wells within a study arca may be specified, MWCAP assumes that 
the wells operate independently of one another. Therefore, physical processes such as 
increased drawdown due to well interference efrects are ignored. 

MWCAP is very efficient due to the small number of pathlines required to delineate 
steady-state or hybrid capture zones. If a stream boundary is present and the capture zone 
intersects the stream, the zone of induced recharge from the stream to the well will be 
delineated automatically. MWCAP can also be used to delinea te time-related capture zones. 

7.2 Assumptions and Limitations 

Capture zones delineated using MWCAP are valid for fully penetrating pumping wells 
screened in aquifers that are essentially homogcneous. Grcund-water flow must:beawo
dimensional in the areal x·y plane, and therefore the aquifer may be confined or unconfined 
if the drawdown-to-initial saturated thickness ratio is small (less than about 0.1 ). A steady
state ground-water flow field is assumed. 

If a stream ora barrier boundary is present,.the boundary is assumed to be linear and 
fully penetrating. The latter assumption is often violated in cases where stream boundaries 
exist. The effect of a partially penetrating stream may be an important ene and each 
application should be examined on a site-by-site basis. In general, the greater the depth and 
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breadth of the strea.m in relation to the aquifer thickness, the more valid the fully 
penetrating strea.m assumption. Also, strea.m boundary partial penetration effects decrease 
as the distance from--the strea.m to the well increaseS. _ The streain and the aquifer are 

assumed to be in perfect hydraulic connection: the effects of a "clogging Iayer" between the 
strea.mbed and the aquifer are not considered. 

If, in actuality, the stream is partially penetrating and/or there is a clogging layer of fine 
grained material that lines the strea.mbed, the capture zones obtained using MWCAP wi11 
be smaller than the "true" capture zones. The a.mount of error incurred will be dependent 
upon the degree to which the above assumptions are violated. 

Capture zones for multiple pumping wells within a study arca may·be delineated with 
ene run of MWCAP, but each well is assumed to operate independently of every other well. 
Therefore, each well may have a potentially unique set of input parameters. The effects of 
well interference (increased drawdown due to overlapping eones of deprcssion) are 
neglected. 

7.3 Input Requirements 

The input requirements for MWCAP are outlined in Table 7.1. Note that the well
specific para.meters must be input for each well specified in the study arca. 

7.4 Example Applications 

In this section, four examples of capture zones delineated using MWCAP are 
presented. The first example compares steady-state and time-related capture zones; the 
second exarnple illustrates the effects of boundary conditions (strea.m or barrier) on capture 
zone rnorphology; and the third and founh exa.mples demonstrate the application of 
MWCAP to actual field sites near Albuquerque, New Mexico and Seattle, Washington, 
respectively. 

. ... -::-: 

7.4.1 Time-Related and Steady-State Capture Zone Comparisú•l 

Figure 7.1 shows the steady-state, 10-year and 25-year capture zones delineated using 
MWCAP for a hypothetical set of input paranieters. The time-related capture zones are 
enclosed entirely by the steady-state capture zone. However, as the specified time 
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Table 7.1 

Input Requin!ments for MWCAP Module 

Program Variable . Descñption 

For each problem -
IUNIT: Default units of input parameters (feet and days or meters and days) 

NWELL: Number of pumping wells for which capture zones are to be delineat-

XMIN: 
XMAX: 
YMIN: 

YMAX: 
DLMAX: 

ed 

Minimum x-coordinate of study area (ft or m) · 
Maximum x-coordinate of study area (ft or m) 
Minimum y-coordinate of study area (ft or m) 
Maximum y-coordinate of Study area (ft or m) 
Largest allowable step length, dt (see section 4.1) 

For each well (1=1, NWELL)-

XWEI..L(I): x-coordinate of weD (ft or m) 
YWELL(I): y-coordinate of weD (ft or m) . 
QWEll(I): WeD discharge rateY (tt'!/day or rri3/d) 

TRAN(I): Transmissivity of the aquifer (fil!d or m2/d) 
GRAD(I): Regional hydraulic gradient (ft/ft or mlm) 

ANGLE(I): Angle of ambient ground-water flow (0-360") 
POR(l): · Aquifer porosity (dimensionless) 

THICK(I): Aquifer saturated thickness (ft or m) 
IBOUND(I): Associated boundary type (no boundary, stream bounciary, or barrier 

boundary) 
DSW(I): 

THETA(I): 
ICZTYP(I): 

TMCZ(I): 

NSTLIN(I): 

ICZPLT(I): 

Perpendicular distance from stream or barrier boundary to the well 
(ft or m) 

Orientation of stream or barrier boundary (0-360") 
Capture zone type option (steady-state, time-related, or hybriü) • 
Time value associated with capture zone (days); time-rellited and 
hybrid Cflpture zones only 
Number of pathlines to be computed for the well in addition to 
pathlines delineated automatically by the code 
Flag indicating if capture zone boundary is to be plotted 

~ The sign ( + ,-) of the discharge rate does .not need to be specified. 



Figure 7.1 

Steady-State, and 10- and 25-Year Time-Related Capture Zones Delineated 
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increases, the time-related capture zones "e.xpand' toward the steady state solution. This 
makes intuitive sense because the steady state condition can be viewed as the case where 

time is infinitely large. Figure 7.1 also indica tes tbat the time-related capture zones most 
closely resemble the steady-state solution in the region clase to the well. The user may find 
it beneficia) to check the steady-state capture zone depicted in Figure 7.1 using the analytical 
solution presented in Todd (1980) and Javandel and Tsang (1986). 

Figure 7.1 was constructed by making three separate runs of MWCAP and using the 
"Save Plot" and "Overlay" options of the postproc:essor to save the plotting information for 
each run and then to subsequently overiay the three plots. . Once the input for the first run 
( the steady-state cxample) was typed in, the subsequent two scenarios were run very quickly 
using the "Continue Current Problem" option in the main MWCAP menu. 

7.4.2 Boundary Efrects' Example 

The second hypothetical example is designed to illustrate the effects that aquifer 
boundaiy conditions may have on capture zone marphology. The input parameters for this 
cxample are summarized in Table 7..2. 

Figure 7.2 illustrates the MWCAP output for this example. The first capture zone 
(Figure 7.2a) was obtained for a pumping well that was not influenced by an aquifer 
boundary condition. Figures 7 .2b and 7 .2c portray the effects of a stream and a barrier 
boundary respective) y on the shape and areal e:ttent of the same capture· zone. Each 
respective boundary condition was oriented north to south (parallel to the y-axis) and was 
located 100 m due west of the pumping well (Table 7.2). 

Beca use the stream boundary acts as a source of water to the well, the capture zone 
·in Figure 7.2b is smaller than that in either Figure 7.2a or c. Since the stream boundary is 
considered to be fully penetrating, the capture zone expands in width along the stream, but 
it does not _extend beyond the stream. When a capture zone intersects a stream boundary, 
the pumping well induces flow from the stream to the well. · 

Figure 7.2c shows the effect of a barrier boWJdary near the well. Because the barrier 
boundary limits the ponion of the aquifer from which the well can withdraw water, the 
capture zone "fans out" to capture a greater proportion of ambient flow upstream of the 
well. The areas enclosed by the capture zones in Figures 7.2a and 7.2c are equal because 
the only source of water to the well in each of these cases is the ambient ground-water 
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Table 7.2 

MWCAP Input Parameters for Second Hypothetical Example 

Simulation Options 

Units = m and days 

XMIN =O 
XMAX = 4,500 

Step Length = 50 

YMIN =O 
YMAX = 4,500 

No. of Pumping Wells = 3 

Input Parameter Well No.l 

X Coordinate 1,000 
Y Coordinate 3,500 
Discharge (Q) 4,000 
Transmissivity (T) 1,000 
Hydraulic Gradient (i) 0.0015 
Angle of Ambient F1ow (a) 180" 
Porosity ( 8) 0.25 
Aquifer Thickness (b) 50 
Boundary Type Nene 
Distance from Well to Boundary N/A 
Boundary Angle N/ A 
Capture Zone Type Time-Related 
Travel Time Value 3,650 
No. of Pathlines 20 
Capture Zone Plotting Option Y es 

Well No. 2. Well No. 3 

1,000 1,000 

2,300 1,000 

4,000 4,000 

1,000 1,000 

0.0015 0.0015 

180" 180" 
0.25 0.25 

50 50 
Stream Barrier• 

100 t 
0.0 ;;,rJ~ - :;,..)~ 

100 
0.0 

Time-Related Time-Related 
3,650 3,650 

20 20 
Y es Y es 

• In practice, the direction of ambient ground-water flow will generally not be directly 
toward a barrier boundary. 
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flow within the aquifer. The area enclosed by the capture zone that intercepts the stream 
is smaller than the other two because the stream boundary, in addition to the ambient 

ground-water flow, acts as a source oí water to the well. 

7.4.3 Albuquerque Example 

The third MWCAP example involves application oí the code to an actual municipal 
well field in New Mexico. The background information íor this example was taken 
primarily from Newsom and Wilson (1988). Figure 7.3 presents the general hydrogeological 
scenario; there are three closely spaced municipal supply wells located approximately halí 
a mile due east oí the Rio Grande in the South Valley oí Albuquerque, New Mexico. 

The Albuquerque Basin lies within the Basin and Range physiographic province oí the 
United S tates. The basin fill (often reíerred toas "bolson fi!l") is primarily alluvial in nature 
and consists oí layered gravels, sands, silts and clays; it íorms a very prolific aquifer. In the 
vicinity oí Albuquerque water-bearing sediments may hS:ve thicknesses on the arder oí 
severa! thousands oí íeet. Leakage from the Rio Grande and mountain front recharge from 
the Sandia Mountains to the east are the primary sources of recharge to the aquifer. The 
clima te is semi-arid and therefore the assumption of neglig¡ble areal recharge due to rainfall 
is a good one. 

The direction oí ground-water flow is from north to south (a = 27f1' or a = -9f1') in 
the ambient flow field west of the river which is unaffected by pumping. The sinuosity of 

1 • • • ' ' ( ... / ... 

the Río Grande was neglected and the river was approximated as a straight line boundary. 
Beca use the three pumping wells are in el ose proximity to one another, and since MWCAP 
does not account for well interference effects, the pumping from the three wells was 
represented by an imaginary model well (marked M on Figure 7.3). The model we!l has a 
discharge equal to the average sum of the discharges of the three municipal wells. 

The steady-state capture zone delineated using MWCAP is presented in Figure 7.4. 
Note that the y-axis in the figure corresponds to the stream (Rio Grande) boundary, arid 
therefore a portian af the y-axis fonns part of the capture zoné boundary. The pathlines 
that extend from the wellto the stagnation point and from the well to the northern boundary · 
of the study area partition the recharge to the well; ground water to the left (west) of these 
pathlines originates at the Rio Grande, while ground water to the right (east) of these 
pathlines originates from ambient aquifer flow. All of the pathlines in. Figure 7.4 were 
generated automatically by MWCAP (i.e. the number of pathlines desired was set to zero). 
If a non-zero number of pathlines had been specified, the additional pathlines would have 
been started at the we!l bore and reverse tracked until they reached a study arca boundary. 
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· Figure 7.3 . 

General Ground-Water :Flow System for Albuquerque MWCAP Example" 
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Figure 7.4 

Steady-State Capture Zone Cor Albuquerque Municipal 

·Well Field Delineated Using MWCAP 
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. The actual capture zone for thc thrce Albuquerque wells probably differs somcwhat 
· from that computed by MWCAP bccause the Río Grande. only panially penetrares thc 

aquifer (see Section 10.3 imd Ncwsom and Wilson 1988). The depth ofwater in thc Rio 
Grande is probably no more than 5 to 10 ft at any given time, while the wells are pumping 
from dcpths of up to 200 ft below land surface. Therefore, the capture zonc in Figure 7.4 
is . not conservative beca use thc recharge to the wells from the river is overestimated. A 
conservative approach to this problcm would be to ignore the pre.se.nce of thc stream 
boundary. 

Because the three wells are closely spaced relative to the size (e.specially the width) of 
the capture zone, the simulation approach of lumping the discharge of the three wells to one 
equivalent model well causes no signifícant errors. This point is ülustrated in Section 8.24 
where the Albuqucrque example was run again using the semi-analytical GPTRAC module. 

7.4.4 Seattle Example 

The final MWCAP examplr. concerns the Highline well field in Seattle, Washington. 
The background information for this example was taken from Seattle Water Department 
(1986). A generallocation map is pre.sentcd in Figure 7.5, anda local site map, along with 
the Jocations of two pumping wells (Rivenon Heights and Bou!evard Park) is presentcd in 
Figure 7.6. 

The Highlinc arca is underlain by three hydraulically interconnected aquifers (shallow, 
intermedia te, and decp) that occur within a thick sequen ce of unconsolidated glacial and 
interglacial deposits. The aquifers are composed of cobbly sand and grave! deposits, while 
the interbedded Iow-permeability aquitards that separate the majar aquifer units are 
composed of silt and clay. A hydrostratigraphic cross section through the Highline arca is 
presented in Figure 7.7. 

The shallow aquifer is unconfined and ranges _:.e.rv.-:en 50 and 100 ft in saturated 
thickness. ThiS aquifer is not used as a majar source of ground-water supply, but it does 
supply _:;ignificant recharge to the aquifers at depth ... 

. ; 



Figure 7.5 

General Location Map for Seattle's Highline Well Field Example 
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. Figure 7.6 

Local Si te Map With Intermediate Aquifer Well Locations 
for Highline Well Field Example 
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·-14 Multiple Well Capture Zone MOOule (MWCAP) 

Figure 7.7 

Hydrostratigraphic Cross Section B-B' Through Highline Well Field Area 
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The intermediate aquifer is the target of most municipal ground-water development 
and is the aquifer of interest for this example. It is confined, with static water Jevels typically 
reaching 100 ft above the top of the aquifer. Most of the confinement is provided by the 
upper and Jower clay units (see cross section) that bound the aquifer aboYe, below, and 
along the east and west margin.S of the uplands. This aquifer is generally about 100ft thick. 

The deep aquifer is also confined and averages about 100 ft in thick:!less It consists 
of coarse cobbly sands and grave! deposits with Jocalized silt and clay interbeds. This aquifer 
is targeted for more limited ground-water development. 

Figure 7.8 is a contour map of piezometric head for the intermediate aquifer. This 
map indicates that the aquifer is recharged within the central upland ilrea by the overlying 
shallow aquifer, and that the general direction of ground-water flow is from the recharge 
area toward regional discharge boundaries such as the Green River and Puget Sound. 

Because the two production wells are relatively far apart (over 1 mile), an initial 
assumption of neglig~ble well interference effects was made and the five-year hybrid capture 
zone for each well was delineated using MWCAP. The input for this example is provided 
in Table 7 .3. Proposed pumping rates and average transmissivity values in the vicinity of 
each well were taken from Seattle Water Departiilent (1986). The direction and magnitude 
of the ambient hydraulic gradient was taken from Figure 7.8. Each well fully pene trates the 
intermediate aquifer. 

The MWCAP results ~ere scaled using the GRAF "Map Scale" option so they could 
be directly overlaid onto the base map to forro Figure 7.9. Note in Figure 7.9 that the 
capture zones extend across the regional ground-water flow divide in the intermediate 
aquifer. This was permitted beca use drawdown dueto the production wells will most Jikely 
reach the divide and alter its configuration. Ground-water flow divides may sometimes be 
trea ted as barrier boundaries if pumping wells are sufficiently distant so as not to affect the 
ground-water flow field in the vicinity of the divide. 

The capture zones computed by MWCAP are conservative estimates since two major 
sources of recharge to the well, leakage through the overlying aquitard due to pumping and 
decreased leakage through the lower aquitard due to pumping, were neglected. Also, a 
uniform ambient ground-water flow in the aquifer from southwest to nonheast was assumed 
to exist over the entire study area. Obviously, once the capture zone boundary 
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Figure 7.8 

Contour Map of Piezometric: Head for Highline Well Field Intermediate Aquifer 
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Table 7.3 

MWCAP Input Parameters used for Highline Well Field Example 

! . 

¡ . 

--' 

Simulation Options · 

Units = feet and days 

XMIN =O 
XMAX = 15,000 

Step Length = 100 

YM1N = -15 000 
' 

YMAX = 10,000 

-i _ No. of Pumping Wells = 2 

--; 
L • 

'¡ 
L 

·--

'. 

--

Input Parameter 

X Coordinate 
Y Coordinate 
.&Jischarge 
Transmissivity 
Hydraulic Gradient 
Angle of Ambient F!ow 
Porosity 
Aquifer Thickness 
Boundary Type 
Capture Zone Type 
Travel Time Value 
No. of Pathlines 

11 Riverton Heights 
Y Boulevard Park 

Well No.1Y Well No. zY 
12,428 11,556 
-222 5,170 
596,748 346,499 
44,573 20,888 
0.00385 0.00385 
45" 45" 
0.25 0.25 
100 100 
Nene Non e 
Hybrid Hybrid 
1,825 1,825 

o o 

·' 
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Figure 7.9 

Five-Year Hybrid Capture Zones Delineated Using MWCAP 
For Riverton Heights and Boulevard Park Wells 
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was extended across the ground-water flow divide this assumption became invalid. A 
numerical ground-water flow model would have to be used to quantitatively assess the effects 
of the reversa! in ambient ground-water flow direction on the capture zones. 

The Theis equation may be used to quickly assess sorne of the simplifying assumptions 
made for this example. Jacob's "large time" approximation to the Theis equation may be 
written: 

2.3Q 2.25Tt 
S = --Iog~-

41TT r2 S 
(7.1) 

! where s is drawdown from an initial static water leve! at radial distance r from a well 
pumping at rate Q, t is time since the start of pumping, and T and S are the aquifer 
transmissivity and storativity respectively. The Iarge time approximation is applicable 
beca use only flow conditions that are approaching steady-state are of concem. 

The radial distance from each well to the ground-water divide, and the radial distance 
from each well to the mid-point bctwcen the wells were computed from Figure 7.8. Using 

L.. equation (7.1) the· drawdown at each of these locations at various times was calculated; the 
. results of this analysis are presented in Figure 7.10-

Figure 7.10 indica tes that significan! drawdown may be observed at each of the selectcd 
radial distance values. 1bis analysis would suggest that the assumption of neglig¡ble well 
interference was violated. It would also suggest that drawdown due to pumping will affect 
the ground-water flow divide and therefore the divide should not be treated as a barrier 
boundary. However, the simple Theis analysis presented above neglects two imponant 
sources of recharge to the wells: ambient aquifer flow, and leakage from the confining beds. 
To address these physical processes in an appropriate manner, a more sophisticated solution 
for drawdown (analytical or numerical) would have to be used and perhaps sorne field 
observations would be collected. 
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Figure 7.10 

Evaluation of Well Inteñerence Efrects and Drawdown At 

Ground-Water Divide Dueto Each Well Using Theis Solntion 

Jacob's Approximation to Theis Solution: 

2.3Q 2.25Tt 
S = -log 

41TT r 2 S 

Well No. 1 - Riverton Heights 

Q = 596,748 fi3tday 
T = 44,573 ft2/day 
S = 4.92 x lo-4 

Well No. 2. - Bonlevard Park 

Q = 346,499 fi3tday 
T = 20,888 ftl/day . 
s = 1.04 x 10·3 

(7.1) 

l. Drawdown due to each well at mid-point of line segment connecting the wells 
(r = 2,916 ft): 

Well No. 1 Well No. 2 

r(ft) t(days) s(ft) r(ft) t(days) s(ft} 

2,916 180 8.91 2,916 180 9.05 
2,916 365 9.66 2,916 265 9.98 
2,916 1,825 11.37 2,916 1,825 12.1 

·-
e• 

2. Drawdown due to each well at ground-watcr divide directly upgradient from well 
· location. 

Well No. 1 Well No. 2 

r(ft) t(days) s(ft) r(ft) t(days) s(ft) 

2,600 180 9.15 4,600 180 7.85 
2,600 365 9.90 4,600 265 8.78 
2,600 1,825 11.6 4,600 1,825 10.9 

. ' . 
¡ 
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8.1 Introduction 

The GPTRAC module consists of two majar components. The first component, 
referred to as the "semi-analytical option", provicles the option for pathline and time-related 
capture zone delineation for simple cases using analytical ve!ocity computation techniques 
similar to those of RESSQC and MWCAP. This option assumes a homogeneous aquifer .but 
is able to accommodate a wider range of aquifer and boundá.ry conditions than the RESSQC 
and MWCAP modeling options. 

The second component, referred to as the "numerical option", provides pathline and 
time-related capture zone delineation for general cases using numerical velocity computation 
techniques that require input of hydraulic head -válues at nodal points of a rectangular grid. 
This option is designed to be used as a postprocessor for numerical · ground-water flow 
models. Additionally, it can be used as a proc:essor for interpolated head values derived 
from a piezometric map (field data). Once the bydraulic head values corresponding to the 
nodal points of a rectangular grid are read into the GPTRAC code, time-related capture 
zone analysis and general partic!e tracking can be performed. 

8.2 Semi-Analytica] Option 

8.2.1 Capabilities 

The semi-analytical option of GPTRAC is capable of delineating time-re!ated capture 
zones for a system of pumping and injection wells that fully penetrate a homogeneous ,._.L_ ~• 

aquifer. A steady flow field is assumed, and the aquifer may be confined, unconfined or 
semi-confined (leaky). For each aquifer type, a stream or barrier boundary can be specified 
a long any edge of the study arca. The effects of well interference are accounted for through 
superposition of solutions resulting from individual wells. If the aquifer is confined, "strip" 
aquifers (aquifers with two parallel boundaries) may be simulated. A maximum of SO 
pumping wells may be used in GPTRAC. For cases involving confined and semi-confined 
aquifers, injection wells inay also be used. The maximum number of injection wells allowed 
by the code is 20. 

•. 
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' 

The nUÍDber of pathlines reverse tracked from each pumping well may be defined 
interactively by the- user. In addition, particles can be released at any point withfu the 
system to be subsequently forward or reverse tracked. _ 

. r"".:-';"'~c '"'""~ ,.-;, 

8.2.2 Assumptions and Limitations 

· Capture zones de!ineated using the semi-analytical option of GPTRAC are valid for 
fully penetrating wells screened in aquifers that are essentially homogeneous. Ground-water 
flow in the aquifers must be two-dimensional in an areal x-y plane (the Dupuit assumptions 
are used for unconfined flow cases). A steady-state ground-water flow field is assumed. In 
the case of a leaky aquifer system, aquitard leakage is :assumed to be vertical_ 

H a stream or a barrier boundary is present, the boundary is assumed to be linear and 
fully penetrating. The latter assumption is often violated in cases where stream boundaries 
exist. The effect of a partially penetrating stream may be an importan! one and each 
application should be cxamined on a site-by-site basis. In general, the greater the depth and 
breadth of the stream in relation to the aquifer thickness, the more valid _ the fully 

penetrating stream assumption. Also, stream boundary partial penetration effects decrease 
as the distante from the stream to the well increases. The stream and the aquifer are 
assumed to be in perfect hydraulic connection; the effects of a "clogging !ayer" between the 
streambed and the aquifer are not considered. 

If, in actuality, the stream is partially penetrating and/or there is a clogging !ayer of fine 
grained material that liDes the streambed, the capture zone obtained using GPTRAC will 
be smaller than the "true" capture zone. The amount of error incurred will be dependent 
upon the degree to which the above assumptions are violated. 

8.2.3 Input Requirements 

The inp\h requirements for the GPTRAC semi-Rn<.!ytical option are outlined in 
Table 8.1. The well-specific parameters must be entered for each well in the study_ arca. 
If a stream or barrier boundary is present, it is assumed to correspond to ·one edge (top, 
bottom or either side) of the study arca. If the strip aquifer option is selected, the two 
boundary conditions must correspond to two opposite, parallel sides of the study arca (top 
and bottom, or left and riSht ). 
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Table 8.1 

Input Requirements for GPTRAC Semi-Analytical Option 

Program Variable 

For each problem -
IAQFR:. 
IUNIT: 

NPWEll: 
NRWEll: 

XMJN: 
XMAX: 
YMIN: 

YMAX: 
DLMAX: 

TRANSM: 
GRADNT: 

ALPHA: 
POROS: 

B: 
KPRIM: 
BPRIM: 

CAPN: 
CAPH: 

RMAX: 
IBOUND: 

NFPATI-I: 
NRPATI-I: 

TMSIM: 
TMCAPZ: 

Description 

Aquifer type ( confined, semi-confined, unconfined) 
Default units of input paramctcrs (feet and days or metcrs and 
days) 
Number of pumping wells witbin the study area 
Number of recharge (iDjection) wells witbin the study arca 

Minimum x-coordinate of study area (ft or m) 

Maximum x-coordinate of study arca (ft or m) 

Minimum y-coordinate of study area (ft or m) 

Maximum y-coordinate of study area (ft or m) 
Largest allowable step length. dt (see section 4.1) 

Transmissivity of the aquifer (ft?./d or m2/d) 
Regional hydraulic gradient (ft/ft or mlm) 
Angle of ambient grmmd-water flow (0-360") 

Aquifer porosity (dimensionless) 

Aquifer saturated thickness (ft or m) 
Confining bed hydraulic conductivity!/ (ft/d or m/d) 

Confining bed thicimessY (ft or m) 

Areal recharge rate!ll (ft/d or m/d) 

Aquifer saturated thickness prior to pumping Jl/ (ft or m) 

Maximum radius of infiuence of pumping weiJl!l (ft or m) 
Boundary condition type (no _boundary, stream or barrie;· 
bounC!ihy 1on one si de of study are a, or strip aquifer) 

Number of forward-tracked pathlines 

Numlier of reverse·tracked pathlines 

Time period for which GPTRAC will be executed9' (days) 

Time value for time-rclated capture zones9' (days) 
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Table 8.1 (continued) 

Input Requirements for GPTRAC Semi-Analytical Option 

Program Variable Description 

For each pumping well (1=1, NPWELL)-
XPWEI..L(I): x-coordinate of well (ft or m) 
YPWEI..L(I): y-coordinate of well (ft or m) 
QPWEI..L(I): Well discharge rateJ!I {fil/d or m3/d) 

NSTLIN(I): Number of pathlines to be computed to delineate time 
related capture zone (default = 20) 

For each injection well (1=1, NRWELL)-
XRWEI..L(I): x-coordinate of well (ft or m) 
YRWELL(I): y-coordinate ofwell (ft or m) 
QRWEI..L(I): Well recharge rateJ!I (fr'/d or m3/d) 

For each forward-tracked pathline (1=1, NFPATH) -
FSTART(I,l): x starting coordinate {ft or m) 
FSTART(I,2): y starting coordinate (ft or m) 

For each reverse-tracked pathline (1=1, NRPATH) -
RSTART(I,l): x staning coordinate (ft or m) 
RSTART(I,2): y starting coordinate (ft or m) 

W Only reqtiired for semi-confined (leaky) aquifers. 

l!/ Only required for unconfined aquifers. 

f/ A simulation time (TMSIM) different from the ·capture zone time (TMCAPZ) may be 
useful when iarbitrary forward- or reverse-tracked pathlines are desired. These 
pathlines will represent the distance that a particle traveled for a time period equal to 
TMSIM. 

IJJ The sign ( + ,-) of the well discharge or recharge rate does not need to be specified. 
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·8.2.4 Example Appli_cations 

To demonstrate sorne of the capabilities of the GPTRAC semi-analytical module, the 
New Mexico and Seattle case studies solved previously using MWCAP were re-examme'd 
using GPTRAC. The confined aquifer type was used for each of these examples. 
Additional examples are presented in Section 8.4. 

8.2.4.1 Albuquerque Example 

The ground-water system at the Albuquerque site was descnbed in Chapter 7. Figure 
7.3 portrays the hydrogeological setting of the Albuquerque municipal wells, lmd the aquifer 
input parameters were discussed in section 7.4.3. However, because GPTRAC accounts for 
the effects of well interference, the three pumping wells were not Iumped to·one equivalent 
(imaginary) model well, but rather were treated individually. The total discharge of 712,247 
tt3td was divided equally between the three weDs so that each well had a pumping rate of 
237,416 tt3td. The same coordinate system depicted in Figure 7.3 was used so that the 
results of both modules could be overlayed. A stream boundary was specified along the Ieft 
side of the study area. 

The 25-year capture zones for the three wells computed using GPTRAC are shown in 
Figure 8.1. Each well draws water from the Rio Grande, but the capture zones of the top 
and bottom wells force the middle well to obtain much of its discharge from captured 
ambient flow. If these results are indicative of actual site conditions, one would expect water 
quality analysis from the northemmost and southemmost wells to reflect river water 
characteristics, while water quality for the middle well should reflecta combination of river 
water and the ambient aquifer flow. 

As expected, one can see by overlaying Figures 8.1 and 7.4 that the 25-year capture 
zones líe within the steady-state capture zone delineated using MWCAP. Therefore, if the 
objective Óf the ·cai:>ture zone delineation exercise was to designate a WHP A for the e mire 
well field, and the source of water for each individual well was not of concem, the approach . . 
used in section 7.4.3 of analyzing one "equivalent" model well would be valid 

The same limitations addressed in section ·7.4.3 apply to this analysis. Although the 
Río Grande probably contnbutes a significan! portian of recharge to the pumping wells, the 
amount is certainly overestimated by GPTRAC due to the fully penetrating stream 
assumption. lt is highly likely that the actual capture zones of the three wells extend to the 

t- west undemeath the river . 

. . 
": ·. 
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Figure 8.1 

Twenty-Five-Year Capture Zones for Three Albuquerque 
Municipal Wells Located Near the Rio Grande 
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8.2.4.2 Seattle Example 

The Seattle Highline Well Field example was also re-examined using GPTRAC. When 
this example was presented in section 7.4 as an MWCAP problem, it was ·noted that a simple 
Theis ana!ysis indicated that well interference effects between the two pumping wclls wcre 
probably not neglig¡blc (i.c. the.concs of dcpression for cach well over!appcd one another). 
Because the semi-analytical GPTRAC module (un!ike MWCAP) accounts for wcll 
interfereni:e cffects, thc Seattle example was reanalyzed and differenccs in the capture zoncs 
wcrc compared. 

Background mformation for the Highline well ficld is presented in section 7.4.4. Recall 
that a!though thc aquifer thickncss remains fairly constant, transmissivity va!ues reponed in 
the vicinity of the two wells are markcdly different. Because the semi-analytical GPTRAC 
module assumes a homogeneous aquifer, the average transmissivities for thc Riverton 
Hcights arca (T = 44,573 ft2/d) and the Boulcvard Park arca (T = .20,888 ft2/d) wcre 
averaged to obtain an ovcrall transmissivity of 32,730 et2!d. A!though thls average va!uc of 
transmissivity is sufficicnt for this cxample, severa! additiona! approaches would be worthy 
of consideration if thc actual WHP As were to be dcsignatcd. For cxample, a scnsitivity 
ana!ysis would be in arder where, in two scparate modcl runs, the overall aquifer 
transmissivity is sct equa! to the transmissivity w.lucs measured in the vicinity of cach well. 

The capture zone rcsults obtaincd using MWCAP and GPTR.AC are supcrimposed in 
Figure 8.2. A transmissivity of 32,730 et2!d., 10 pathlines for cach wcll, the confíned aquifcr 
type, and the additional parametcrs prcscntcd in Table 7.3 were used to obtain thc 
GPTRAC capture zoncs. The plot was not scaled to ovcrlay on the base map for this 
examplc so that thc rcsults of each module could be more easily comparcd. 

Thc cffccts of wcll intcrfcrencc are evident in Figure 8.2 in that the GPTRAC capture 
zones are not perfectly aligncd with the angle of ambient ground-watcr flow ( 45"), and thcre 
also exists a s::ght curvaturc in thc capture zonc outlines (panicularly thc top wcll). 

The time-related capture zones and thc hybrid capturé zoncs do not have compatible 
Iengths des pite the fact that they both represen! time periods of five years. This is because 
different transmissivity values were used for cach well in MWCAP, but a single 
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Figure 8.2 

Five-Year Hybrid Capture Zones (MWCAP) and Five-Year Time-Related 
Capture Zones (GPTRAC) Computed for Highli.ne Well Field 
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"averaged" value was required by GPTRAC. This approach leads to an interesting 
comparison of methods. 

For the top well, the GPTR.AC "average• transmissivity is higher tban the MWCAP 
value. Therefore the 5-year GPTRAC capture :mne is narrower and longer than the 
MWCAP 5-year bybrid capture zone. For this well, the MWCAP capture zone is more 
conservative widthwise, but less conservative than the GPTRAC capture zone lengtbwise. 

For the bottom well the opposite is true. Tbe "average" GPTR.AC transmissivity is 
lower for this well than was the MWCAP valúe. Therefore, the GPTRAC capture zone is 

more conservative than the MWCAP capture mne widthwise, but less conservative 
lengthwise. 

8.3 Nnmerical Option 

The numerical opiion of GPTRAC reqnires bydraulic heads at the nades of a 
rectangular mesh as input. If head values are observed in the field or read from a map, they 
may be interpolated onto the nodal points of a grid using methods sucb as linear 
interpolation or kriging. More commonly, however, the head values supplied to GPTRAC 
will be the output of a finite difference or finite element ground-water flow model. In 

· addition to nada! heads, GPTRAC requires the aquifer transmissivity (T), porosity ( 9 ), and 
thick:ness (b ). If the aquüer is heterogeneous, it may be divided into multiple zones of 
varying T, 9 and/or b, and ü it is anisotropic, eacb zone may have directional transmissivities · 

Tx and TY" 

GPTRAC uses the above information, in conjunction with linear finite element or finite 
difference approximations, to determine the x and y velocity components of ground-water 
flow at the edges of each rectangular element or grid block. Interblock or interelement 
hydraulic conductivities are computed by taking harmonic averages of the block or element 
hydraulic conductivities. If a fin; ce element grid is used, the velocity components are also 
computed at the element centroids fa!· the elemenu that share the well nades. Paihlines of 
individual particles are delineated using particle track:ing techniques based on semi-analytical 
and numerical integration. The computational procedure is descnbed in detail in 
Appendix C. 

8-9. 
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8.3.1 Capabilities 

The numerical option of GPTRAC can be used to delineate time-related capture 
zones. If required, multiple pathlines starting at prescnbed locations within the system can 
also be delineated. The number of pathlines used to delineate capture zones may be 
specified interactively by the user. Pathlines may· be delineated using either forward or 
reverse particle tracking. 

8.3.2 Assumptions and Limi.tations 

Because the numerical GPTRAC option is based upon the availability of an observed 
or model calculated head field, the as.•·~:nptions and limitations associated with it are 
substantially less restrictive than those assu.:iated with the other WHP A model options. The 
first assumption is that the ground-water flow field is at equihbrium (steady state). · The 
second limitation is that flow in the aquifer must be two-dimensional in the horizontal plane; 
vertical flow components are neglected. Since GPTRAC does not obtain flow velocities 
from an analytical solution, the aquifer need not be homogeneous. 

8.3.3 Input Requirements 

The input requirements for the GPTRAC numerical option are outlined in Table 8~ 
Note that many of the variables may require iterative input depending upon the number of 
pumping wells, recharge wells, aquifer material zones, forward-tracked pathlines, and 
reverse-tracked pathlines. 

The most substantial input requirement for the · GPTRAC numerical option that is 
different from the other WHP A model modules is the hydraulic head file. The structure of 
this file is illustrated in Figure 8.3. The head file should be a standard ASCII file with the 
format 5(I5,F10.3). The first five spaces of each input field contain a nade number, and the 
next ten spaces contain the head v?Júc associated with that nade (head values may have a 

precision up to three decimal points ). This pattern is repeated five times across each line 
of the input file. The utility program HEDCON, documented in Appendix E, is provided 
to assist users with the construction of GPTRAC head files. 

The node number associated with each hydraulic head value is not used explicitly by 

the code, and therefore a dummy variable (e.g. set all nade numbers to one) may be used 
if desired. However, the scheme of associating a nade number with each head value 
provides a convenient method to assist users in visualizing the proper structure of the 
hydraulic head input file (Figure 8.3). 

o .. 

.. o 
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Table 8.2 

Input Requirements for GPTRAC Numerical Option 

Program Variable 

For each problem

IUNIT: 

NPWEll: 
NRWEll: 

XMIN: 
XMAX: 
YMIN: 

YMAX: 
NZONES: 

· NROWS and NCOlS, 
and XGRIDL(I), 
YGRIDL(J) for 

I = 1, NCOlS and 
J=l, NROWS 

Fll..El: 

FILE2: 

NFPATH: 

NRPATH: 

TMSIM: 
TMCAPZ: 

Description 

Default units of input par.uneters (feet and days or meters 
and days) 
Number of pumping wells within the study area 
Number.·of rechargc (injection) wells within the study arca 

Minimum x-coordinare of study arca (ft or m) 
Maximum x-coordinate of study arca (ft or m) 

Minimum y-coordinate of study area (ft or m) 

Maximum y-coordinate of study arca (ft or m) 

Number of aquit'er zones that have different material 
propenies (if aquifer is ncinuniform) 

Number of grid-Iine rows and columns. and (ifnon-uniform 
grid,) coordinates of cach grid-Iine row and column 

Input file name that contains head values for each nade of 
the finite element or finite difference grid. 

Input file name that contains the number of grid-line 
columns and rows and their coordinate values if file input 
option is selected. 

Number of forward-tracked pathlines 

Number of reverse-tracked pathlines 

Time period for which GPTRAC will be executed!l (days) 

Time val u e assigned ,te¡, :~¡)lr.-related capture z~nes!l ( days) 
,, ' .. 

For each pumping well (1=1, NPWELL) -

XPWELL(I): x-coordinate of well"(ft or m) 

YPWELL(I): y-coordina te of well (ft or m) 

QPWELL(I): Well discharge rate!!l (ttl/d or m3/d) 

NSTLIN(I): Number of pathlines to be computed to delineate time
related capture zone ( default = 20) 

\ 

~\ 

~-.ü.· 
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Table 8.2 (continued) 

Input Requiremeuts for GPTRAC Numerical Option 

Program Variable Description 

For each injection well (1=1, NRWELL)-

!!1 

XRWELL(I): x-coordinate ofwell (ft or m) 
YRWELL(I): y-coordinate ofwell (ft or m) 
QRWELL(I): Wen recharge rateJ!I (fil/d or m3/d) 

For each aquüer property zone (1=1, NZONES)9'-
XMINZO(I): 

XMAXZO(I): 
YMINZO(I): 

YMAXZO(I): 
TRANSX: 
TRANSY: 

BZO(I): 
PORZO(I): 

Minimum x-coordinate of zone (ft or m) 
Maximum x-coordinate of ztlne (ft or m) 
~um y-coordinate of zone (ft or m) . 
Maximum y-coordinate of zone (ft or.m) 
Transmissivity of zone - x directio#' (ftl/d or m2/d) 
Transmissivity of zone - y directio#' (ftl/d or m2/d) 
Saturated thickness of aquifer in zone (ft or m) 
Porosity of aquifer in zone (dimensionless) 

For each forward tracked pathliue (1=1, NFPATH) -
FSTART(I,l): x staning coordinate (ft or m) 
FSTART(I,2): y staning coordinate (ft or m) 

For each reverse tracked pathline (1=1, NRPATH) -
RSTART(I,l): x staning coordinate (ft or m) 
RSTART(I,2): y staning coordinate (ft or m) 

A simulation time (TMSIM) different from the capture wne time (TMCAPZ) may be useful 
when arbitrary forward- or revc:rsc:-trackc:d pathlines are desired. These pathlines will represen! 
the distancc: that a particle travc:lc:d for a time period equal to TMSIM. 
The sigo ( +,-) of the well discharge or rc:charge rate does not need to be specific:d. 
The first wnal arc:a specified sbould be the c:ntire srudy arca. Therefore, it.is most convenic:nt 
to consider thc: largest zone to be zone 1, and then overlay the other wnes on top of iL Zones 
of inactive cells should be: given zero values for transmissivity. 
Thc: calculations in GPTRAC use: the hydraulic conductivity of each material zone. Therc:fore, 
the transmissivity of each zonc: is divided by the thickness to obtain the conductivities, 
CONXZO(I) and CONYZO(I) for each wne L 
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Figure 8.3 

Schematic Representation of Head Data File Format Required by GPTRAC 
For Finite Element or Mesh-Ceutered Finite Difl'erence Model Outpot With 

Nodes Numbered in the y-Direction (a), or for Block-Ceutered Finite Dift'erence Model 
Output With Nodes Numbered in the x-Direction (b) 

(4) 905.0 (8) 895.0 (12) 885.0 (16) 877.0 

(J) 894.0 (7) 888.0 (11) 876.0 (15) 871.0 

.. 

(2) 887.0 (6) !l80.0 (10) 872.0 (14) 865.0 

(1) 882.0 (5) 876.0 (9) 868.0 (13) 862.0 

(1) -no de number 

1 882.0 2 887.0 3 894.0 4 905.0 5 876.0 
6 880.0 7 888.0 8 895.0 9 868.0 10 872.0 

11 876.0 12 885.0 13 862.0 14 865.0 15 871.0 
16 877 .o 

(a) 

l 2 3 4 5 

905.0 895.0 885.0 877.0 864. o 
1 • • • • • 

894.0 888. o 876.0 871.0 861.0 
2 • • • • • 

' -· 
887.0 880.0 872.0 865.0 860.0 -· 

3 • , .. • • • • 
882.0 876.0 868.0 862.0 858.0 

4 • • • • • 

l 882.0 2 876.0 3 868.0 4 862.0 S 858.0 
6 887.0 7 880.0 8 872.0 9 865. o lO 860.0 

11 894.0 12 888.0 13 876.0 14 871.0 15 861.0 
16 905.0 17 895.0 19 885.0 19 877 .o 20 864.0 

(b) 

'"1 
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Note that on the grid specification input screen, the user is prompted for the number 
of grid-line coiumns and the number of grid-line rows. The number of grid-line columns is 

. !? ~ equal to the number -of columns in the grid plus one, and the number of grid-line rows is 

equal to the number of rows in the grid plus one. The block-centered finite difference grid 
in Figure 8.3b has 5 col~ and 4 rows, but it has 6 grid-line columns and 5 grid-line rows. 

Many finite difference codes (e.g., MODFLOW; McDonald and Harbaugh, 1988) use 
formúlations based upon a coordinate system where the y-axis is opposite that of a 
conventional CartesJan system. These codes assume an origin in the upper left-hand comer 
of the study arca instead of the conventional lower left-hand comer location. Sorne 
postprocessing is required to rearrange the output from these cedes to the format suitable 
for WHPA. 

If the MODFLOW code is used, the POS'IMOD program supplied with the code (if 
it was obtained from the International Ground Water Modeling Center) may be used to 
process the binary hydraulic head output file. POS'IMOD has the capability to rearrange 
MODFLOW output to conform with a standard coordinate system where y-coordina tes are 
measured from the lower left-hand corner rather than the upper left-hand corner of the 
modeled domain. The head file created using POS'IMOD wi1l have a x-coordinate, a y
coordinate anda head value on each Iine ofthe file. The HEDCON program supplied with 
the WHP A code may be used to convert the POS'IMOD output file to a proper input 
format for GPTRAC. 

The HEDCON program may also be used to construct GPTRAC input head files from 
data files that have nodal x- and y-coordina tes and hc:ad values on each line, but which might - . 

be organizc:d in no consistent fashion. P.efer to Appendix E for detailed instruction on the 
capabilities and proper use of HEDCON. 

83.4 Example Applications 

Three examples that demonstrate the capabilities of the GPTRAC numericai option 
are presented in this section. The first two examples are hypothetical; the third example ~e
examines the Coming surficial aquifer previously analyzed using RESSQC. 

, .. 
'. 
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. 8.3.4.1 E:ypotbetical Examples 

The hypotbetical aquifer used for the first tw0 examples is shown in Figure 8.4. There 

are tbree distinct material zones within the aquifer. Zone 1 is isotropic, and zones 2 and 3 

are anisotropic (transniissivity is directionally dependent). Ambient ground-water flow is 

. from nortb to south. The left and right sides ofthe aquife;:,are no-flow (barrier) boundaries. 

Two pumping weUs discharging at 4,000 ~Id and 3,000 Ji/d are screened over the entire 

aquifer depth of 20 m. 

A hydraulic head field for the descnbed hydrogeological scenario was obtained using 

a two-dimensional finite element ground-water flow and transpon cede called SAFTMOD 
(Huyakom and Buckley, 1988). The steady-state head field computed by SAFTMOD, along 

with the aquifer geometry and the zonal hydraulic properties, were input to GPTRAC and 
the 100-day capture zone for each pumping weD was delineated. The input parameters for 

this example are presented in Table 8.3, and the capture zones are il!ustrated in Figure 8.5 

The capture zones in Figure 8.5 have a cemplex shape and ceuld not be delineated 

using tbe semi-analytical module. The top weD Iocated in zone 1 preferentially draws water 

from the region of high transmissivity; this is evidenced by the "clustering" of pathlines that 

bend around the lower right-hand cerner of zone 3. In general, pathlines that en ter low per
meability materials will exlubit increased spacing between them as opposed to pathlines 
Iocated in highly permeable materials. Note also that the pathlines refract at the material 

property interfaces. The capture zone for the top weD is slightly larger than the capture 

zone of the bottom well primarily due to its larger pumping rate. 

The results of the second example are presented in Figure 8.6. This example is 
identical to the first example, except that the pumping rate of the second well has been 

increased from 3,000 m3/d to 5,000 m3/d and its location was moved from zone 2 into zone 

1 at x = 300 m and y = 333 m (Table 8.3). Again, it is readily apparent from Figure 8.6 

that bothwc;lls tend to draw water from (and therefore have capture zones within) the zone 
' . .. 

of highest ttansmissivity. 

For the second example, two initiallocations frorn which particles were forward- and 

reverse-tracked for a period of 300 days were specified. The pathlines of these particles are 

indicated in Figure 8.6. The forward-tracked partid e éntered the first purnping well at sorne 

time less than 300 days. The reverse-tracked panicle travelled quite slowly during the 300 

day period (as indicated by its shon pathline) because it was released and tracked in the 

vicinity of the stagnation point formed by the bottom pumping well. If desired, additional 

panicles could have been released at arbitrary locations within the aquifer. 

8-15 . 
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800 m 

300 m 

Figure 8.4 

Hypotbetical Aquifer and Hydraulic Properties Used 
ror Fírst Two GPTRAC Numerical Examples 

1-==------ 1000 m ------.;;;::;....¡1 
550 m 

y 

X 

h - o 1 

ZONE 3 ZONE 1 

~4000 ms/d 

(Xw,Yw) (233.3,500) 

.1 
300 m 

?3000 ms/d 

(Xw,Yw) = (500,200) 

ZONE 2 

h = -10m 

.. ·.· .Zone No. T1 ·. . T1 
b ... e. 

. . ' ' . ~ 
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Table 8.3 

Input Parameren for GPTRAC Hypothetical Aquüer 

(Enmples One and Two) 

GPTRAC Numerical Option Using Rectangular Finite Element Model 

· Units = meters and days 
Uniform Grid (Constant Spac:ings)- Yes 
Uniform Aquifer Properties - No 
Hydraulic Head Data File - TP8EX1 

XMIN = 0.0 YMIN = 0.0 
XMAX = 1000 YMAX = 1000 

No. of Grid-Iine Rows = 31 
No. of Grid-Iine Columns = 31 
Nades are numbered along y- axis (option O) 
No. of Pumping Wells = 2 
No. of Injection Wells = O 
No. of Material Zones = 3 

Zone No. XMIN XMAX YMIN YMAX 

1 o 1,000 o 1,000 
2 300 1,000 o 300 
3 o 550 600 1,000 

Simulation Time = 300 days 
Capture Zone Time = 100 days 

Tx 

2,000 
1,000 

500 

Well No. X y . Q Capture Zone 

1 

2 

233 

500 

500 

200 

No. of Forward Pathlines = O 
No. of Reverse Pathlines = O 

4,000 

3,000 

Y es 

Y es 

Ty 

2,000 
200 
200 

.:::3 

("e 1 

b e 
20 0.25 
20 0.20 
20 0.15 

No. of Pathlines 

15 

15 
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EXAMPLETWO 

Table 8.3 (continued) 

Input Parameters for GPTRAC Bypothetical Aquifer 
(Examples One and Two) 

Same as example 1 except for the following changcs: 

Hydraulic Head Data File - TP8EX2 

Well No. X y Q Capture Zone No. of Pathlines 

1 

2 

233 

300 

500 

333 

4,000 

5,000 

No. of Forward-Tracked Pathlines = 1 
Starting Location: X = 450, Y = 800 

No. of Reverse-Tracked Pathlines = 1 
Starting Location: X = 175, Y = 175 

Y es 
Y es 

20 

20 
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Figure 8:5 

.. 
One-Hundred-Day Capture Zones for Two Pumping Wells in Hypothetical Aquifer 
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Figure 8.6 

One-hundred-Day Capture Zones for Two Wells and Three-Hundred-Day Reverse
and Forward-Tracked Pathlines for Hypothetical Aquüer 
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8.3.4.2 Corning Example 

The final example is based on the results of a numerical ground-water flow simulation 

for the surñcial aquifer in the vicinity of Corning, New York. Sorne background information 

for the Corning aquifer was provided in Section 6.5.2 The study area (Figure 8.1) is a 

subdomain of the region studied by Bailaron (1988). 

The vailey sediments in the vicinity of Coming consist of stratified glacial drift deposits 

that are primarily interbedded silty to clean sands and gravels. Relatively thin deposits of 

lacustrine clay, silt and fine sand exist over much of the valley and separate a surficial, 
unconfined aquifer from a confined to semi-confined aquifer at depth. Two idealized cross 

sections through the study area are presented in Figure 6.4. 

The surficial aquifer has an average saturated thickness of about 25 ft. No-flow 

boundaries were used where the surficial aquüer sediments pinch out or abut against the 

older, low permeability valley walls. Yalues for the prescnbed hydraulic head boundary 

nodes (Figure 8.8) were interpola,ted from the steady-state head map for the surficial aquifer 
presented in Ballaron (1988). 

The approximate distnbution of hydraulic conductivity for .the surficial aquifer was also 

. taken from Bailaron and is presented in Figure 8.8. An areal recharge rate of 0.00297 ft/d 
(13 in/yr) was used for the entire study area. Recharge from the Chemung River and 

leakage between the surficial and lower aquifer units were neglected. Ground-water flow 
in the aquifer was simulated using the USGS block-centered finite difference code 

MODFLOW (McDonald and Harbaugh, 1988). The grid consisted of 36 rows and 42 

columns (37 grid-line rows and 42 grid·line columns). Each cell was 250 ft on a side. 

The results of the first simulation for steady-state conditions are illustrated in 

Figure 8.9a. This is the steady-state head map that was n~ed in the RESSQC e~amples 

section to obtain the hydraulic gradient and direction uf ambient flow inforrnation for the 

Corning example. 

For the second simulation, three pumping wells were assumed to fully penetrare the 

surñcial aquifer. The location and rates of pumping for these wells, along with the steady· 

state head field predicted using MODFLOW are illustrated in Figure 8.9b. 

8-21 



Figure 8.7 

General Site Map and Modeling Area Boundary for Surficial 

Aqnüer in the Vicinity or Corning, NY 
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. 'Ooo Cornmg, New York 
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Figure 8.8 

Finite Difl'erence Model Bonndary Conditions and Distribntion of 
Hydranlic Condnctivity for Snrficial Corning Aquifer 
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Figure 8.9 

Steady-State Head Field for Surficial Corning Aquifer Using MODFLOW 
for (a) No Pumping WeUs and (b) 1bree Pumping WeUs 

(a) 

(b) 

•'' 

··: 
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Once the head field for the second simulation was obtained using MODFLOW, the 

WHP A módel was applied to delineate the 5-year capture zoncs for the three pumping 

wells. The required input for the GPTRAC numerical option is provided in Table 8.4, and 
the delineated capture zones are presented in Figure 8.10. The capture zones for this 
example are very complex due to the aquifer heterogeneitics and well interference effects. 

Note that since MODFLOW uses a coordinate system bascd upon an origin in the 
upper left-hana comer of the study area, sorne manipulation of the output head file was 
performed to obtain the head values ordered in a suitable fashion for input into WHP A 
The standard POSTMOD program supplied with the MODFLOW code (when it is obtaincd 
from the Intemational Ground Water Modeling Ccntcr) was used to process the binary head 
file output by MODFLOW. The POSTMOD code has an option to produce an ASCll file 
in which the head values are ordered according to a standard coordinate system (i.e. origin 
in lower left-hand comer of study region). This file may then be used directly by numerous 
software plotting packages such as SURFER (Figure 8.9 was constructed using the ASCII 
file and SURFER). This ASCII file was further rearranged using the program HEDCON 
supplied with the WHPA code. One HEDCON program option is to create an input head 
file suitable for WHP A using an ASCII file output by POSTMOD. 

By compariÍJg the capture zones delineatcd using GP'IRAC and RESSQC (Figures 
8.10 and 6.6), thc effccts of arca! rechargc and aquifer hetcrogcneities on the Corning 
capture zones may be qualitatively assessed. The capture zoncs for wells 1 and 2 in the 
centcr of thc study area are markedly similar. The RESSQC capture zones are Jarger in 
areal extent becausc rccharge from local prccipitation was neglected. 

The capture zoncs for the third well are quite different duc to aquifer hcterogencities. 
In Figure 8.10 this capture zone cxtends from the well almost duc west; in Figure 6.6 this 
capture zone is aligned more with thc anglc of ambient flow (northwest). This effect is do 
primarily to thc fact that well 3 is Jocated within a zone of high aquifcr permeability and its 
effccts on the capture zohe could not be represented using RESSQC. For well 3, negleCting 
aquifer heterogeneitics has very significan! consequenccs. 

~-25 



Table 8.4 

Input Parameters for GPTRAC Numerical Option for Coming Example Problem 

Block-Centered Finite Difference Option 

Unit5 = feet and days 
Uniform Grid (Constani Spacings)- Y es 
Uniform Aquifer Properties- No 
Hydraulic Head Data File - CRNMOD1.HED 

XMIN = 0.0 
XMAX = 10500 

YMIN = 0.0 
YMAX = 9000 

No. of Grid-line Rows = 37 
No. of Grid-line Columns = 43 
Nades are numbered along.x- axis (option 1) 
No. of Pumping Wells = 3 
No. of Injection Wells = O 
No. of Material Zones = 20 

Zone No. XMIN XMAX YMIN YMAX 

1 o 10,500 
2 o 1,750 
3 o 1,750 
4 1,750 3,250 
5 1,750 3,250 
6 3,250 4,250 
7 4,250 4,750 
8 4,750 5,250 
9 4,250 7,250 

10 1,750 3,750 
11 3,750 5,250 
12 5,250 6,750 
13 6,750 8,250 
14 8,250 10,500 
15 8,250 8,750 
16 8,750 9,750 
17 9,750 10,500 
18 . 9,750 10,200 
19 1,750 8,250 
20 2,750 3,250 

Simulation Time = 1825 days 
Capture Zone Time = 1825 days 

o 9,000 
5,250 8,250 
2,750 5,250 
6,250 7,750 
7,750 8,750 
6,250 9,000. 
6,750 9,000 
6,750 7,250 
6,250 6,750 
2,250 3,250 
1,750 3,250 
1,250 3,250 

750 3,250 
250 2,750 

2,750 5,750 
2,750 5,250 
2,750 4,000 
4,000 4,250 
3,250 6,250 
8,750 9,000 

'I'J: Ty b e 
o o 1 0.22 

1,080 1,080 36 0.22 
780 780 26 0.22 

1,440 1,440 48 0.22 
48 48 48 0.22 

1,080 1,080 36 0.22 
1,020 1,020 34 0.22 
1,020 1,020 34 0.22 

960 960 32 0.22 
11,200 11,200 28 0.22 
11,200 11,200 28 0.22 
10,400 10,400 26 0.22 
9,600 9,600 24 0.22 
6,400 6,400 16 0.22 
3,300 3,300 22 0.22 
3,000 3,000 20 0.22 
2,400 2,400 16 0.22 
2,400 2,400 16 0.22 
2,400 2,400 30 0.22 

48 48 48 0.22 

,,·,¡ 
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Table 8.4 (continued) 

Input Parameters for GPTRAC Numerical Option for Corning Example Problem 

Well No, 

1 
2 
3 

X 

4,375 
6,3-75 
7,875 

y 

4,875 
4,375 
2,375 

No. of Forward Pathlines == O 
No. of Reverse Pathlines == O 

Q 

25,000 
30,000 
30,000 

. ~ .... 

Capture Zone 

Y es 
Y es 
Y es 

No. of Pathlines 

10 
10 
10 

()-..;. 1 
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Figure 8.10 

Five-Y ear Capture Zones of Three Pumping Wells in the Vicinity of Corning, NY 
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8.4 Comparison of Semi-Analytical and Numerical Options 

In this section, both the semi-analytical and numerical options of GPTRAC are 
r- exercised with the intent of providing test examples that verify some additional analytical 

solutions available in the code for various aquifer and boundary conditions. In each 
example, capture zones obtained using the two modeling options are compared. 

. -

' .. 

.. 

8.4.1 Strip Confined Aquifer Examples 

This example involves strip confined aquifers bounded on two (parallel) sides. Three 
cases with different combinations of barrier and stream boundaries are considered. For each 
case, the aquifer transmissivity and thickness are 1,000 ftl/d and 50 ft, respectively, and the 
effective porosity is 0.25. There is one welllocated at x=2,000 ft and y=l,200 ft, and the 
pumping rate of the well is 3,000 t.t3Jd. Ambient ground-water flow is assumed to be zero. · 
Figures 8.lla through S.llc show capture zones computed using the semi-analytical module 
of GP"IRAC for a very large time value, t=1cf days (to ensure a steady-state condition). 
Note that the three cases correspond to: (1) aquifer with two barrier boundaries, (2) aquifer 
with two stream boundaries, and (3) aquifer with a stream and a barrier boundary. In each 
case, the boundaries are parallel to the x-axis at y=O and at y=l,500 ft. The three cases 
were also simulated using the numerical option of the code. For each case, a uniform finite 
element grid with ...x=Ay=100 ft was used, and zero drawdown conditions were imposed on 
the Jeft and right hand side boundaries of the flow domain. Figure 8.12 illustrates the 
resulting capture zones. A comparison of the two sets ofFigures (8.11 and 8.12) shows good 
agreement between the semi-analytical and the numerical solutions for each case. 

8.4.2 Unc01ümed Aquifer Examples 

Four unconfined flow cxamples with different values of pumping rate, recharge and 
hydraulic conductivity are presented in this section. In each case, there is one pumping well 
and the aquüer is assumed to be homogeneous and isotropic. The effective porosity of the 
aquifer is 0.25. 

For the first case, an unconfined aquifer with a well pumping near a stream is 
considered. The well is located at x=350 ft, and y= 1,250 ft. The pumping rate is 
5,000 ft3/d. The hydraulic conductivity and initial saturated thickness of the aquifer are 20. 
ft/d and 48.12 ft, respectively. Ambient ground-water flow and areal recharge are assumed 
to be zero. Figures 8.13a and 8.13b are the 20,QOO.day capture zones computed using the 

1 (\LI 
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Figure 8.11 

Strip Aquifer Simulations Using the Semi·Analytical GPTRAC Module for Two 

Barriers (a), Two Streams (b), anda Stream anda Barrier (e) 
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Figure 8.12 

Strip Aquifer Simulatious Usiug the Numerical GPTRAC Module for Two 
Barriers (a), Two Streams (b), aud a Stream aud a Barrier (e) 
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Figure 8.13 

Capture Zones Computed Using the Semi-Analytical (a) and Númerical (b) 

GPTRAC Options for Unconfined Aquifer with Zero Reeharge 
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semi-analytical and numerical options, respectively. For the semi-analytical option, a stream 

boundary condition with a constan! head value of 48.12 ft was imposed illong the y-axis of 

the plot. For the numerical option, a unifonn rectangular grid with nodal spacings 

AX=.o~.y=50 ft was used. Nodal head values were obtained using a finite element flow model 

with a constan! head boundary condition ofh=48.12 imposed on each side ofthe rectangular 

domain. A comparison between Figures 8.13a and 8.13b shows an excellent agreement 

between the capture zones delineated using the semi-analytical and numerical GPTRAC 
options. 

The second case concerns an unconfined aquifer with areal recharge of 0.0023 ft/d 

(10.0 in/yr), and a well pumping rate of 20,000 tt3!ci The remaining data and boundary 
conditions are the same as those for the previous case. Figures 8.14a and 8.14b illustrate 

the 2,000-day capture zones obtained using the semi-analytical and numerical options 
respectively. Again, the two solutions agree quite well 

For the third and founh cases, the semi-analytical option of GPTRAC was used to 

modela well pumping in an areally infinite unconfined aquifer with rccharge equal to 0.0023 
ft/d and no ambient flow. The two cases were designed to demonstrate the effect of the 

~ reduction of hydraulic conductivity and saturated thickness of the aquifer on the extent of 

the capture zone. Figures 8.15a and 8.15b show the 4,000-day capture zones predicted by 
the GPTRAC semi-analytical model for hydraulic conductivity values of 20 and 2 ft/d, 
respectively. Both capture zones correspond to the well pumping rate of 5,000 tt3!d. Note 

that the two capture zones are circular and the Iow-conductivity capture zone (K=2 ft/d) has 

a slightly higher radius. The reason for this is that the decrease of hydraulic conductivity 
from 20 ft/d to 2 ft/d led to a reduction in saturated thickness ( or in crease in drawdown) in 

the inner ponion of the flow region surrounding the well. This resulted in higher velocities 

for the same pumping rate . 

. . 
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Figure 8.14 ... 

Capture Zones Couiputed Using the Semi-Allalytical (a) and Numerical (b) 

GPTRAC Options for an Unconfined Aquifer with Areal Recharge 
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Figure 8.15 

Capture Zones Computed Using Semi-Analytical GPTRAC Module for an Unconfined 
Aquifer with Zero Recharge and Ambient Flow and a Hydraulic Conductivity 
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8-36 General ParticJe Tracking Module (GPTR.Aq· 

8.4.3 Leaky Aquifer Example 

In this example, a semi-confined aquifer Uilderlain by an impermeable (barrier 
boundary) ané ;verlain by a semi-permeable aquitard !ayer is considered. WheQ. such an 
aquifer is pumped, vertical leakage occurs through the aquitard. The top of the aqilitard 
is assumed to be subject to a zero drawdown condition. For the case simulated, the 
hydraulic conductivity and thickness of the aquifer ate 20 ft/d and 50 ft, respectively, and the 
hydraulic conductivity and the thickness of the confining bed are 0.2 ft/d and 40 ft, 
respectively. The well is pumping near a stream at a rate of 20,000 ft3/d. Depicted in 
Figures 8.16a and 8.16b are 10,000-day capture zones obtained using the semi-analytical and 
numerical GP'IRAC options, respectively. Note that a zero drawdown condition was 
assumed on the boundary of a uniform rectangular finit7 element grid (AX=t.y=50ft). A 
comparison of Figures 8.16a and 8.16b shows very good agreement between the semi
artalytical and numerical solutions to the problem. 

·-
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Figure 8.16 

Capture limes for Semi·Confined (Leaky) Aquifer Using the Semi·Analytical (a) 
and Numerical (b) GYrRAC Modules 
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MANUAL PARA LA Ul1LIZACJON DEL VISUAL MODFLOW 

, ... 

l. ABRIR UN ARCHIVO O CREAR.UNO.NUEVO 

l. Enfile se utiliza open para abrir un modelo ya extistente. 

2 .. Enfile se utliza n!?w para crear un modelo nuevo. 

3. Al crear un modelo nuevo se pide el nombre y el subdirectorio donde se va a almacenar. 

Es recomendable tener un subdirectorio especifico para cada modelo. 

4. A continuación se piden las unidades en que se trabajara a lo largo del modelo. 

5. En este momento se pregunta si se desea tener como base algun dibujo (generalmente 
' 

hecho en autocad):. El archivo tiene que estar en formato dxf, en autocad se teclea dxfout 

para crear un archivo en este formato~ 

6. A continuacion se dan las caracteristicas de la malla de discretización. Se piden la 

coordenada mínima y máxima en X, asi como el número de columnas deseadas en el 

modelo.Lle esta manera el modelo calcula el tamaño de cada columna. 

7. Los mismos datos se requieren para el eje Y(renglones) y el eje Z (capas). Esta malla 

podra despues ser modificada. Nótese que si se tomo como base un dibujo dxf, las 
-

coordenadas máximas y mínimas son tomadas de este dibujo, aunque si se desea se 

pueden modificar. 

8. A continuación se muestra la zona discretizada y el plano base. En el menú principal se 

escoge input para alimentar el modelo con los datos. 

. . . 
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MANUAL PARA LA 1111UZACION DEJ.: VISUAL MODFLOW 

2. ALIMENTACION DE LOS DATOS DEL MODELO 
- -

• En el menú que aparece del hido iZQuierdo eXisten 3 opciones para visualizar las 

columnas, renglones o capas del modelo. 

• En gato previous o next se puede visualizar la capa anterior o, la siguiente. Tambien se 

pude visualizar la columna o renglón siguiente o anterior, si estas se están visualizando. 

• Del menu que se encuentra en la porción baja deJa pantalla: 

Fl - (help) Ayuda. 

-F2-- Después de presionarlo podemos obtener las 'coordenadas de cualquier 

punto del modelo. 

·F3 - (save) Para salvar. 

F4- (map) Para introducir otro dibujo o plano base al modelo. Se pueden 

añadir el número de dibujos o planos base que se deseé. 

FS - (zoom in) Para tener un acercamiento de alguna porción del modelo. 

F6 - (zoom out) Para tener una visualización completa de la zona del modelo. 

F7 - (pan) Para desplazarse por el modelo al estar en acercamiento. 

F8 - (vert exag) Para determinar la exageración vertical que se utilizará para 

poder visualizar mejor las secciones. 

F9 - (overlay) Esta opción se utiliza para "apagar" o "prender" las capas de 

dibujos. Es decir para poder visualizar o no ciertos dibujos que se hayen 

importado en F 4, o la distribución de las diferentes características del 

modelo como los pozos. recarg'4 ccnductividad hidr .ul.~..; etc." 

Fl O - (main menu) Para regresar al menú -principaL 

l. Modificación de la malla y delimitación de ~eldas activas e inactivas 

• En el menú superior se selecciona grid. 

• Con las opciones add co/umn, dele te column y add row, dele te row se pueden agregar o 

borrar columnas o renglones del modelo. 
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MANUAL PARA LA UllLIZACJON DEL VISUAL MODFLOW 

• Lo mismo se puede hacer con las capas cuando se visuilliza una sección. Nótese que ésta 

es una discretización matemática, y no forzosamente se necesita discretizar en el mismo 

número de estratos geológicos. Es decir, un estrato geológico puede subdividirse para 

. efectos de discretizaci<ill, teniendo las mismas características todas las subcapas creadas 

para éste estrato. 

• Para importar la superficie del terreno o la base de alguna capa, se utiliza la opción 

import surface. Con esto en vez de que el modelo sea un cubo perfecto, se podran tener 

en cuenta las irregularidades del terreno, o de las capas geologicas. 

• Las superficies se pueden importar en archivos en formato ASCII. Los archivos deben 

ser una lista de tres columnas de las coordenadas en X, Y ,Z de varios puntos, o se puede 

importar un archivo creado en SURFER (grd). 

• Las celdas inactivas son zonas donde el modelo no interviene. Para delimitarlas se utiliza 

la opción inactive cells. Se puede trazar un polígono para marcarlo como inactivo. Para 

revertir la elección se puede tarnbien marcar, un polígono activo. 

• Esta delimitación se realiza en una sola capa. Es importante copiar esta i11formación a las 

capas que lo requieran, usando el comando copy po/ygon. 

2. Asignación de valores de conductividad hidráulica y almacenamiento · 

• En el menú superior se seleccionaproperties y ya sea conductivity o storage. 

• A continuación se asignan los valores de conductividad hidráulica, almacenamiento y 

porosidad que por default asignara el modelo a todos los nodos. 

• Posteriormente se ¿o u cica la malla con las opciones del menú izquierdo assign single, 

po/ygon o window. 

• Después de seleccionar una zona se puede elegir entre darle un valor nuevo (new) o de 

asignarle algún valor que hay e sido designado_ con anterioridad. 

• Dependiendo si se escoje conductivity o storage en la opción de properties, se podrá 

zonificar la conductividad hidráulica o el almacenamiento y la porosidad. 
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MANUAL PARA LA lTilLIZAOON DEL VISUAL MODFLOW 

• Es importante copiar las propiedades necesarias a las capas que lo requieran utilizando la 

opción copy /ayer d7l menu izquierdo. 

• Nota: A cada nueva propiedad se le asigna un color-distinto para SC?T distinguido en el 

modelo. El color blan~o representa el valor que se dió como defíiluL 

3. Asignación de fronteras 

• En boundaries se encuentran las diferentes opciones de frontera. Se pueden asignar 

como linea, polígono o ventana por medio_del menú de la izquierda. . 
• En la opción de recharge se agrega la regarga en mm/año' Nótese que no solo la-re·carga 

por lluvia puede ser representada de esta manera, tan solo se necesitan respetar las 

unidades en que esta recarga se asigna. 

4. Alimentacion de la información de los pozos 

• En la opción de pozos (wells) se pueden añadir, borrar, copiar o editar pozos por medio 

del menú izquierdo. 

• Al seleccionar add we/1 se localiza el punto donde se localiza el pozo. En la ventana que 

aparece a continuación se agregan los datos del pozo corno el nombre, el intervalo en 

que el pozo se encuentra ranurado y el historial de bombeo del pozo. 

NOTAS: 

a) No se puede nombrar un pozo corno otro anterior. 

b) Las untdades de bombeo son rn3/día. 

e) Si el pozo es de recarga las unidades de bombeo se denotan con si~~:·~ positivo. 

d) Si el pozo es de bombeo las unidades de bombeo se denotan con sigr.o negativo. 

e) El modelo no tiene una escala de tiempo real, así que es necesario tornar la fecha en que' 

se inicia la simulación corno día cero dentro dellllodelo. De esta manera las fechas del 

historial del pozo, así como el resto de los datos del modelo que tienen variación con el 

tiempo. deben de ser asignados en número de días a partir de la fecha que se tornó corno día 

cero. 
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MANUAL PARA LA t111LIZACION DEL VISUAL MODFLOW 

3. PARA CORRER EL MODELO 

• En el menú principal se escoge run. 

• Se escoge si la simulación es en estado transitorio (transient) o estacionario (steady

- state). 

• Se selecciona run, y se selecciona modflow. 

• Si se desea correr ehrrcfdptah, zona de balance (zi:mé.budget) o MTJD también se 

seleccionan. 

4. PARA VISUALIZARLOS RESULTADOS 

• En el menú principal se selecciona output. 

• Si el modelo fué corrido en estado transitorio, en time se puede escoger el momento en el 

tiempo en que se desea visualizar la configuración de la superficie piezométrica. 

• En goto se puede visualizar la configuración de la superficie piezométrica en las 

diferentes capas. 

• En options se puede modificar el intervalo utilizado para configurar y el valor del 

contorno máximo y mínimo. 

• En el menú superior. en velocities se obtienen vectores del flujo del agua en donde se 

aprecia la dirección del u10vimiento del dgua subterránea. En options se puede escoger el 

tamaño relativo de estos vectores y su densid·:J por área. Estos vectores no son 

propiamente líneas de flujo, ya que estas, por definición no se cruzan entre si. 
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EJEMPLO DEL VISUAL MODFLOW 

l. DESCRIPCION DEL PROBLEMA 

Este ejemplo está basado en el ·flujo del agua subterránc:a en un sistema formado por un· 

acuífero libre en la porción superior, un acuitardo en la pof!:ión media, y un acuífero 

confmado en la porción inferior, como se muestra en la figura l. 

---1 15 ..... 1 

i2 ~. 

. ~ '' o' 

1 1 ¡ ...-;- é ~ 
o 'i ~,, 

ACUiTA.~J2 i 1 ¡ ...---- ! ! 

- _:_" ____ .. :__· --~ ~ ! ! 
---- ....-:~o...., 

1 ....--- ~/' 
1 ~~ 

==============::;::::--:._- 1
oo ---2::: -

Figura l. Dimensiones del acuifero 

Notas: 

• Este ejemplo está tomado del manual de Visual Modflow por Waterloo Hydrogeologic 

Inc. 

• El símbolo ¿? significa enter. 

• El símbolo .1[: significa presionar el botón izquierdo del mouse. 
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. ··EJEMPLO DEL VISUAL MODFLOW 

2. CREACION DE UN NUEVO MODELO 

Estando en el sistema operativo teclear 

YMODFLOW~ 

Esto nos lleva a la pantalla de Visual Modflow 

~O.K. 

~FILE 

-'i'J NEW 

'" .. . -

Aparecerá una ventana preguntando por el nombre del nuevo modelo. 

Teclear el nombre del nuevo modelo: 

VMEJEM ~ 

(Visual Modflow asigna automáticamente la terminación .vmf) 

Aparecerá una ventana para escoger las unidades deseadas (figura 2). Las unidades se 

seleccionan utilizando el mouse. 
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EJEMPLO DEL VISUAL MOOFLOW 

r- un1t 
O:seeuc,¡¡; 
Üoninutes 

Ot.ours 
®days 

Üyears 

Figura 2. Ventana de selección de unidades 

~ meters 
.fi; m/sec ~ 

~ days 
.fi; m3/day 

":· mm/year 

J:'- O.K. 
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·.EJEMPLO DEL VISUAL MODFLOW 

3. DISEÑO DE LA MALLA 

La siguiente ventana preguntará si se desean importar tas coordenadas de un mapa en 

formatodxf 

-11 YES 

-11-11 VMEXAMP.DXF 

En el caso en que se ha escogido un mapa, Visual Moclflow leerá las coordenadas máximas 

y mínimas del mapa y las sugerirá como las dimensiones del modelo. Aparecerá una 

ventana para definir la.S dimensiones y características de la malla (figura 3) solo se requiere 

teclear sobre los espacios o sobre los valores sugendos para modificarlos. 

Enter number of column5 

En ter minimum X [m] 

Enter maximum )([m] 

Enter number of rows 

lz888.88B 

Enter mini~aum Y (m] 1¡:8:;:.8:;8;::8::===: 

Enter maximum Ylml 12888.888 

En ter number e~ lat:m·•s l!.:,_ _ . =::J 
Enter minimum Z eJeuation (m) [iB"aB· ~~ 
Enter maximum Z ele•Jalion [m) 115.888 . :::=J 

Figura 3. Ventana de diseño de la malla 
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Enter nurnber of colurnns 
Enter Mínimum X (m) 
Enter Maximurn X (m) 

Entei nurnber of rows 
Enter Minimurn Y (m) 
Enter Maximurn Y (m) 

Enter nurnber of'layers 
Enter Minimurn Z (m) -
Enter MaXimurn Z (m) 
-'0 O.K. 

EJEMPLO DEL VISUAL MODFLOW 

--40 ~ 
o~ 
2000 ~ 

40 ~
o~ 

2000 ~ 

6 ~ 

o ~-
15 ~ 

'- . 

Una malla de 40 x 40 y el plano base aparecerán etrla panuilla (figura 4). 

Figura 4. Archivo importado en formato dxf 
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EIEMPLO DEL VISUAL MÓDFLOW 

4. REFINAMIENTO DE LA MALLA 

Se necesita refinar la malla alrededor de los pozos de abastecimiento de agua (supply wells) 

y de la perforación abandonada (abandoned borehole). El tamaño de la celda representa el 

tamaño del pozo, por lo tanto--una malla mas discretizada simulará el pozo de una manera 

mas realística Además del tamaño del pozo, si existe abatimiento alrededor del pozo, una 

discretizai:ión mayor producirá pendientes menos abruptaS del nivel estático en zonas de 
' . . 

abatimiento. 

-11 en ll-fPUT 

-11 en ADD COUJMN ' 

Mover el m o use a cualquier lugar en la malla y -11 el BOTO N DERECHO DEL M O USE. 

Haciendo esto se puede definir los lugares-e¡actos para definir la discretización de la malla. 

Aparecerá una ventana para la información de la malla (figura 5). 
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EJEMPLO DEL VISUAL MODFLOW 

_ O Add single grid Jine el 1737.75:: 1 [m] 

® Euenly sj;;;ced grid lines from: lt358 - 1 únl 

to: ltsse 1 únl 

"' lnterv~ lzs I 1 lonl l+:t+ 

Figura 5. Ventana de refinamiento de la malla 

Escoger EVENL Y SPACED GRID LINES FROM: (lineas igualmente espaciadas 

desde:) .IJ en el circulo vacío. 

En las ventanas asignar los siguientes valores: 

frmr 1350 1 
to 1550 ~ 
at intcrvals of 25 ~ 
"C' eu O.K. 

"C' en ADD ROW 

Mover el mouse a cualquier lugar en la malla y "' el BOTON DERECHO DEL M O USE. 

Aparecerá una ventana para la información de la malla. 
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EJEMPLO DEL VISUAL MODFLOW 

Escoger EVENL Y SPACED GRID UNES FROM: (líneas i~ente espaciadas 

desde:) "el en el círculo vacío. · 

En las ventanas asignar los siguientes valores: 

from 450 t}. 

to 600 t} 

at intervals of 25 t} 

"el en O.K. 

Esto a refinado la malla alrededor de Jos pozos de abasteciiniento de agua (supplywe/ls). 

Ahora Jo haremos alrededo~ de la perforación abandonada (abandoned borehole) . 

. "el en ADD COLUMN 

Mover el.mouse a cualquier Jugar en la malla y "el el BOTON DERECHO DEL M O USE. 

Aparecerá una ventana para la infonnación de la malla. 

Escoger EVENL Y SPACED GRID UNES FROM: (líneas igualmente espaciadas 

desde:) "el en el círculo vacío. 

En las ventanas asignar los siguientes valores: 

from 795 tJI 
to 900 t} 

á.t intervals of 1 O t} 

~ enO.K. 

"el en ADD ROW 

Mover el inouse a cualquier lugar en la malla y "el el BOTON DERECHO DEL M O USE. 

Aparecerá una ventana para la infonnación de la malla. 

Escoger EVENL Y SPACED GRID LINES FROM: (líneas igualmente espaciadas 

desde:) JQ en el círculo vacío. 

En las ventanas asignar los siguientes valores: 

from 950 t} 

to 1100 tJ 
at intervals of 10 t} 

JO enO.K. 
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. EJEMPLO DEL-VISUAL MODFLOW 

Ahora vamos a dete~ la exageración vertical. 

'1l VIEWROW 

Mover el cursor a cualqui!:r lugar en la malla. Al mover el cursor de arriba hacia abajo de la 

malla el renglón ocupado cambia a color rojo. '1l en c~quier renglón. Ahora ha sido 

transferido de una vista aérea a una vista de sección. En este momento el modelo no tiene 

exageración vertical. Para poder visualizar la sección mejor: 

'1l F8 (Del menú de la parte inferior de la pantalla) 

Aparece una ventana, escribir: 

25 ~ 

'1JO.K. 

Ahora se visualizan las 6 capas en la pantalla 
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ElEMPLO DEL VISUAL MODFLOW 

. 5. PARA IMPORTAR UNA SUPERFICIE 

-1! VIEW COLUMN 

Mover el mouse a la malla-y -1! en cualquier columna 

-1! IMPORT SURFACE 

Aparecerá una ventana como la de la figura_§. 

Surface Oplions ----------, 

® lmport ground surface 

O lmport bottom eleuation ofl 

Layer l1 

Minimum layer thickness : L!l1:....._ __ ...J 
. Use c:ls:_ __ ...JI nearest sample points.. 

!~ 

Figura 6. Menú para importar superficies 

~ en CHOOSE FILENAME 

Para escoger el archivo conteniendo la superficie. 

~~ VMEXAMP.ASC 
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EJEMPLO DEL VISUAL MODFLOW 

-11 O.K. 

-11 O.K. 

Esto importará una superficie con una pendiente que va de 18 metros al norte hasta 15 

metros al sur (figura 7). 

Figura 7. Superficie topográfica importada 
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EJEMPLO DEL VISUAL MODFLOW 

6; ASIGNACION DE LOS VALORES DE CONDUCTIVIP.AD 

HIDRAULICA, ALMACENAMIENTO Y RECARGA 

-1! VIEW LA YER · 

Seleccionar la capa superior y -1!. Esto deberá de crear una vista aérea del lugar. 

'1l PROPERTIES (en el menú superior) 

'1J CONDUCTIVITY 

En este momento el modelo preguntará si se desea salvar la información de la malla. -· ·· 

'1l en YES 

Hay que· asegurarse de estar viendo la capa superior (capa 1). Esto se puede ver en el· cubo 

que se encuentra en la parte inferior izquierda. 

A continuación una ventana pide los valores que se asignarán como default a todas las 

celdas. Después se podrán modificar los Viifores a cada celda. 

Conductividad hidráulica en X y Y (Kx y Ky) en m/s: 

Conductividad hidráulica en Z (Kz) en mis: 

Coeficiente de almacenamiento(Ss) en 1 /m: 

Rendimiento específico (Sy): 

Porosidad (Por): 

'1J O.K. 

2e-4 ~ 

2e-4 ~ 

le-4 ~ 

0.2 ~ 

0.35 ~ 

Altora se asignará t · v~: 1r de conductividad hidráulica del acuitardo (capas 3 y 4). 

-'e GO TO (en el menú ~e la izquierda) 

Aparecerá una ventana. escribir: 

'1J O.K. 

~ ASSIGN WINDOW 
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E1EMPL0 DEL VISUAL MODFLOW. 

Mover el mouse a la celda de la esquina superior W¡Uierd8Y.:Ifl-éii.ef ceiitrOde la celda 

Después mover el mouse a la esquina inferior derecha y ~ en el centro de la celda. Esto 

creará una ventana que cubrirá toda la capa. Aparecerá una ventana para asignar la 

conductividad. 

~ NEW 

Toda la malla cambiará a color azul. Asignar Jos valores de conductividad hidráulica del 

acuitardo: 

Kx (m/s) = 1e-10 ¿; 

(El valor de K y será-asignado automáticamente) __ 

Kz (mis)= 

~ O.K. 

1e-10 ¿; -

~ COPY LA YER (del menú iiquierdo) 

Aparecerá una venatana, escoger: 

~ COPY ALL PROPERTIES (seleccionando el recuadro) 

~ LA YER 4 (le dará un color verdoso a la capa) 

"EE O.K. 

Ahora se asignarán los valores de almacenamiento al acuitardo. 

"EE PROPERTIES (en el menú superior) 

·-1; ALMACENAMIENTO 

-1J ASSIGN WINDOW ' ' 

Mover el mouse a la celda de la esquina superior izquierda y ~ en el centro de la celda. 

Después mover el mouse a la esquina inferior derecha y ~ en el centro de la celda. Esto 

creará una ventana que cubrirá toda la capa. Aparecerá una ventana para asignar el 

almacenamiento. 

J¡'j NEW (toda la malla cambiará a color azul) 
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. :EJEMPLO DEL VISUAL MODFLOW 

Asignar los valores de almacenamiento y porosidi!d: c .. · . . "~~,o:·: 

Ss (11m): 

S y: 

Por: 

"EE O.K. 

le-2 ~ 

0.003 ~ 

0.65 ~. 

"EE COPY LA YER (del menú izquierdo) 

Aparecerá una ventana, escoger: 

·· "EE COPY ALL PROPERTIES (seleccionando el recuadro) 

"EE LA YER 4· (le dará un color verdoso a la capa) 

"EE O.K. 

Para comprobar los valores tanto de conductividad como de almacenamiento mediante "EE 

en EDIT SINGLE, del menú izquierdo. Esto creará una ventana mostrando los valores de 

conductividad hidráulica y el almacenamiento para cada celda mediante un ·"EE en ella. 

Ahora se simulará el efecto de la perforación abandonada para ver el efecto en transporte. 

"EE PROPERTIES 

~ CONDUCTIVITIES 

"EE GO TO (Dar un valor de 1 para ir a la capa 1) 

"EE O.K. 

"EE ZOOM IN (Del mem~ inferior) 

Hacer una ventana cerca de la perforación abandonada (abandoned boreho/e) 

"EE ASSIGN SINGLE (Esto es p~a asignar propied~des a ~a sola celda) 

Aparecerá una ventana de asignación (figura 8). 
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EJEMPLo DEL VISUAL MODFLOW 

Figura 8. Asignando las propiedades a la perforación abandonada. -

~ NEW (Dará un color verde) 

Asignar los siguientes valores: 

Kx (mis)= 1e-1 ~ · 

'SI valor de Ky será asignado automáticarn~1.1te) 

Kz (mis)= 1e-1 ~ 

-~: En el centro de la perforación abandonada (definida por el círculo) para designar 

la celda a la que se le asignarán las propiedades. 

~ O.K. 

~ COPY LA YER (del menú izquierdo) 

Aparecerá una ventana, escoger: 
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EJEMPLO DEL VISUAL MODFLOW 

-1! COPY ONL Y PROPERTY # 

Escribir: 

3<9 

-1! SELECT ALL 

Todas las capas cambiarán de color (figura 9). 

-1! O.K. 

-1! ZOOM OUT 

Copy onl,¡ property 11 

Copy from loyer 1 

To 

:---~ 

Figura 9. Copiando las propiedades de la perforación abandonada. 

Ahora se le dará a la capa superior la recarga. 

-'(: PROPERTlES 
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EJEMPLO DEL VISUAL MODI'LOW 

"el RECHARGE 

NOTA: En la nueva versión-de Visual Modflow, tanto la recarga como la 

evapotranspiración, se encuentran en el menú de fronteras (BOUNDARIES) y no en el 

de propiedades. 

Aparecerá una ventana para asignar el valor de recarga por default. Escribir: 

100 ¿¡ 

"el O.K. 

Visual Modflow asigna automáticamente la recarga a la '<apa,_superior del modelo. 
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·. 
ElEMPLO DEL VISUAL MbDFLOW 

7; DELIMITACION DE LAS FRONTERAS DE FL{JJQ 

"ee BOUNDARIES 

"ee CONST ANT HEAD . 

Aparecerá una ventana pregmtando si se desea salvar la información. 

"ee YES 

"ee ASSIGN LTh,TE (del menú izquierdo) 

Mover el mouse a la celda de la esquina superior izquierda y "ee en el centro de la ce1da. 
\ ·-· . 

Después mover eJ·mouse a la e-squina superior derecha y "ee con el botón derecho en el 

centro de la celda. Una línea horizontal de celdas cambiará a color rosa y aparecerá una 
' . 

ventana para asignar los valores de carga constante (figura 1 0). Asignar Jos siguientes 

valores: 

Code #: 1 ~ 
"ee en el cuadro de STOP TIME 
Stop time: 3650 ~ 
Start point: 18 ~ 
End Point: 18 
-1! O.K. 
La línea rosa cambiará a color rojo indicando que la carga constante ha sido asignada. 
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EJEMPLO DEL VISUAL MODFLOW 

Figura 10. Menú para la asignación de la carga constante 

"C COPY LA YER 

Aparecerá la ventana para copiar propiedades. En el cuadro COPY ONL Y CODE # ya 

tendrá el número l. 

-1: LA YER 2 (esto hrrrá r..:::mbiar·de color!.' e•, .J2) 

-1: O.K. 

Ahora asignaremos los valores de carga constante del acuífero inferior. 

": GO TO (en el menú de la izquierda) 

Escoger: 

5<:!' 
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·. 
EJEMPLO DEL VISUAL MODFIDW 

-t O.K. 

-t ASSIGN LINE 

Mover el mouse a la celda de la esqUina superior izquierda y -t en el centro de la celda. · 

J::)espués mover el mouse a la esquina superior derecha y -t con el botón derecho en el 

centro de la celda.- Una línea horizontal de celdas cambiará a color rosa y aparecerá una 

ventana para asignar los valores de carga" oonstánte. Asignar los siguientes valores: 

Code#: . 2,~ 
-t en el cuadro de STOP TIME 
Stop time: 3650 ~ 
Start point: ·-· 16.5 ~ 
End Point: 16.5 
-t O.K. 
La línea rosa cambiará a color rojo indicando que la carga constante ha sido asignada. 

-t COPY LA YER 

Aparecerá la ventana para copiar propiedades. En el cuadro COPY ONL Y CODE # 

reemplazar el valor tecleando el número 2. 

-t LA YER 6 (esto hará cambiar de color la capa 6) 

-t O.K. 

-t ASSIGN LINE 

Mover el mouse a la celda de la esquina inferior izquierda y -t en el centro de la celda. 

Después mover e'i mouse a la esquina inferior derecha y -t con el botón derecho en el 

centro de la celda. Una línea horizontal de celdas cambiará a color rosa y aparecerá una 

ventana para asignar los valores de carga constante. Asignar Jos siguientes valores: 

Code#: 3 ~ 
-'1'i en el cuadro de STOP TIME 
Stop time: 3650 ~ 
Start point: 14.5 ~ 
End Point: 14.5 
-'1'i O.K. 
La linea rosa cambiará a color rojo indicando que la carga constante ha sido asignada. 

'1: COPY LA YER 
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. EJEMPLO DEL VISUAL MODFLOW 

Aparecerá la ventana para copiar propiedades. En el cuadro COPY ONL Y CODE # 

reemplazar el valor tec!eando el número 3. 

-'el LA YER 6 (esto hará cambiar de color la capa 6) 

-'el O.K. 

Después de asignar los valores de carga constante: 

~ VIEW COLUMN 

~ en cualquier columna para ver una sección del modelo (figura 11 ). 

Figure 11. Fronteras de carga constante 

Ahora asignaremos la frontera del río al sur de la zona. 

-': VIEW LA YER 
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.• EJEMPLO DEL VISUAL MOOFl.OW 

~-en la capa superior del modelo (capa 1) 

-11 BOUNDARIES 

-11 RIVERS 

-11 ASSIGN LINE . 

-· -, ......... , . -. ~. -

Utilizando el plano base como guía se hay que digitalizar el río mediante -11 comenzando 

desde el margen inferior izquierdo y tratand~ de seguir su contorno. Cuando se ha llegado 

al final (al margen inferior derecho) hay que -11 en el botón derecho. Aparecerá una 

ventana para pedir la información del rio (figUra 12). 

>(: 
Y: 
Z: 

Figura 12. Ventana de información del río. 

Asignar los siguientes valores: 
Code #: 3 <! 
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. ElEMPLO Da VISUAL MODFLOW 

-'el en el cuadro de STOP TIME 
Stop time: 3650 ~ 
Start Point River Stage: 14.5 ~ 
Start Point River Bottom: 14.0 ~ 
Conductance: 1000 ~ 
End-point River Stage: 13.5 ~ 
End Point River Bottom: 13.0 ~ 
Conductance: 1000 
-'el O.K. 

Después d~ el río ha sido definido, una linea azul delimitará su e~ensi'ón. 
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·• 
. EJEMPLO DEL VISUAL tdODFLOW 

. 8. ASIGNACION-DE P ARTICULAS 
'•. '' 

Ahora asignaremos algunas partículas que emanen de la zona de tanques (refoeling area) 

para delimitar el area de influencia que tienen estos tanques. Las partículas pueden ser de 2 

tipos: backward, para delimitar el area de donde las partículas provienen; y forward. para 

delimitar el area hacia donde van las partículaS. 

NOTA: Esta manera de simular el movimiento de las partículas se realiza tomando en 

cuenta UNICAMENTE el flujo del agua subterránea. En la nueva versión del Visual 

Modflo~ se encuentra un paquete de simulación de movimiento de contaminantes 

mucho mas com_pleto, llamado MT3D. 

"i'' PARTICLES 

"i'' YES (Para salvar la información de las fronteras) 

-'5 ADD CIRCLE 

JO En el centro del area de tanques (refoeling area) que se encuentra en la porción centro

superior de la zona. Expander el círculo que se forma hasta que cubra el recuadro del area 

detmques y~- Aparecerá una ventana (figura 13) seleccionar: 

-'[! FORWARD 

-'C! O.K. 
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tt of Particles 

Radius 

1 n ....,-- ., ' .• -:""-!::!": ... 

EJEMPW DEL VISUAL MODFLOW 

Figura 13. Agregando partículas 
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EJEMPLO DEL VISUAL MODFLOW · 

9. AGREGANDO POZOS 

-1J WELLS 

1J YES (Para salvar la información de las partículas) 

-1J ZOOM IN (FS) 

'1l cerca de los pozos de abastecimiento ¡¡~~ (supply wells) y ·hacer una ventana que los 

abarque volviendo a '1l para conseguir un acercamiento de _la zona. 

1J ADDWELL 

Mover el cursor al centro del pozo de la izquierda y '1l en él. Aparecerá una ventana con 

la información del pozo (figura 14). 

• 

12.se -U-+-
• 

1aee -~1--1--
• 

• 

Well nome 
!POZO 1 
X Loc~tion 

fc:.14""85"""'98"-----'' [m] 

Y location 

¡.,!525.-==31~---'' [m] 

Screen from: 

¡,ls.~e:!:.e ----1I-'' [mJ 

Figura 14. Información del pozo 
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O O...ctiuate t.JeiJ 
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EJEMPLO DEL VISUAL MÓDFLOW 

Agregar la siguiente información: 

WellName: 
Stop Day: 
Rate: 

POZOl 
3650 
-200 

NOTA: El bombeo del pozo debe de ser de negativo.-Si el pozo es de inyección el signo 

debe ser positivo. 

-'e ADD SCREEN 

Estos pozos deberán estar ranuraaos solo en el acuífero inferior, queson los últimos 5 

' metros del modelo. -11 dentro del pozo a una elevacióu aproximada de 5 metros, y hay que 

mover la barra roja hasta la base del pozo y -11 otr¡¡.vez. Los últimos 5 metros del pozo 

' deben de haber cambiado de color representando el intervalo ranurado. 

-11 O.K. 

-11 COPY WELL 

Mover el cursor hasta que esté posicionado sobre el pozo izquíerdo y -11, después mover el 

cursor al pozo de la derecha y -11 en él para copiar el pozo. 

-'e EDIT WELL 

-11 El pozo de la derecha 

Cuando aparezca el menú cambiar el nombre del pozo por POZO 2 y -11 en O.K. 

-'e MAIN MENU (FlO) (Del menú inferior) 

-11 YES (para salvar la. información de los pozos) 
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- EJEMPLO DEL VISUAL MODFLOW 

10. PARA CORRER VISUAL MODFLOW 

-1JRUN 

-1! · O.K. (para aceptar el-estado estacionario) 

-1! RUN MODEL 

NOTA: La versión de Visual Mo~flow que se les ha entregado es un DEMO de 

práctica que no tiene la capacidad de correr el modelo. -

Aparece una ventana para definir que es lo que se va a correr (figura 15). 

Row ( ll 
Col umn ( J) 

( Kll 

O Roo Zone Budget 

0Run MT30 

li'#'í@t11E$iffllt.~'Bóli'9 

Figura 15. Corriendo el Visual Modflow 

~ en el recuadro de MODFLOW 

~ en el recuadro de MODPATH 

~ O.K. 
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EJEMPLO DEL VISUAL MÓDfLOW 

11. VISUALIZACION DE LOS RESULTADOS 

"El OUTPUT 

Esto nos permite ver los nivele~ piezométricos calculados para el acuífero 1;:uperior 

(figura 16). 

Figura 16. Niveles piezométricos 
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· EJEMPLO DEL VISUAL MOOFLOW 

-1J PATHLINES (del menú superior) 

Esto nos permite ver el movimiento ~e las partículaS (figura 17). 

Figura 17. Movimiento de las partículas 

,1• 
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~EJEMPLO DEL VISUAL MODFLOW 

-11 VIEW COLUMN 

Mover el cursor hacia l!lguna columna cerca de la perforación abandonada y -11~ Esto nos 

dará uóa visión de la sección del módelo (fiiura 18). 

Figura 18. Movimiento de las partículas en sección 

IX CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS 
MODULO 111 MODELOS MA TEMA TICOS EN GEOHIDROLOGIA Y CONT AMINACION DE ACUIFEROS 
OCTUBRE DE 1997 

31 

.. 



., 
' 

JliEMPLO DEL VISUAL Ml>DFI.ow 

La figura 19 muestra en un acercamiento del movimiento de las ~culas, y se aprecia 

como es que la contamina~jón del acuífero SUJ!elior puede llegai- a los pozO)l-de 

abastecimiento que bombean del acuífero inferior J!!lr medio de la perforación abandonada. 

··~ 

.. ¡. 

' .· 

;~~~~~~~-· . ,. 
•·!.'i•.· 

Figura 19. Movimiento de las partícui~ a trayés de la perforación abandonada .. 
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. EIEMP!D DEL .VISUAL MODA.OW· · 

Figura 20. Movimiento de partículas cuando no se torna en cuenta la perforación 

abandonada. 
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--'5 FILE 

Ja EXIT. 

'EJEMPLO DEL VISUAI:MODFLOW 
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