
FACUL TAO DE INGENIEAIA U.N.A.M. 
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 a travás 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 mínimo de 80% de asistencias. 

Pedimos a los asistentes recoger su constancia el día de la clausura. Estas se 

retendrán por el periodo de un afio, pasado este tiempo la DECFI no se hará 

responsable de este documento. 

Se recomienda a los asistentes participar activamente con sus ideas y 

experiencias, pues los curaos que ofrece la División están planeados para que 

los profesores expongan una tesis, pero sobre todo, para que coordinen las 

opiniones de todos los interesados, constituyendo verdaderos seminarios. 

Es muy importante que todos loa asistentes llenen y entreguen su hoja de 

Inscripción al inicio del curso, información que servirá para integrar un 

directorio de asistentes, que se entregará oportunamente. 

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

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

cuestionario diaellado para emitir juicios anónimos. 

Se recomienda llenar dicha evaluación conforme loa profesores impartan sus 

clases, a efecto de no llenar en la última sesión las evaluaciones y con esto 

sean más fehacientes sus apreciaciones. 

Palacio de Minería Calle de Tacuba 5 
Teléfonos: 512-8955 

Atentamente 

División de Educación Continua. 

Primer piso Deleg. Cuauhtémoc 06000 Mélico, D.F. APDO. Postal M-2285 
512-5121 521-7335 521-1987 Fal 510-0573 521-4020 AL 26 
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CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS 

Módulo rrr. Modelos en Geohidrologia, contaminación de Acuiferos. 

Introducció~ ª las Microcomputadoras. 
. 1,..... , - ..... ,. ' 

Ponente: Ing. Federico Meixueiro.T. 
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El nombre de archivo puede ser cualquier combinación de 1 a 
8 letras, números u otros caracteres aceptables, asignados por el 
programador. La extensión podrá_ ser cualquier combinación de 1 a 
3 letras, números u otros cara.'cteres aceptables. El nombre de 
archivo y 'la extensión se separan -por un punto. Los siguientes 
caracteres son aceptables en MS-DOS: 

$#$@!()-{}'' . . , . 
Ni el nombre de 'archivo 'iü la extensión podrán contener 

blancos._El truncamiento del nombre del archivo y de la extensión 
ocurre en el primer blanco. 

Los caracteres ? y * llamados caracteres globales de nombre 
de archivo o caracteres comodines pueden usarse en lugar de 
cualquier caracter de ün nombre de archivo y extensión y 
significan cualquier caracter. 

Los nombres de-archivo y extensión que se elijan 
descriptivos del contenido del ·archivo.- Las 
extensiones reservadas tienen un significado especial 
y deberán ser utilizadas con mucho cuidado: · 

BAT COM EXE SYS 

deberán ser 
siguientes 
para MS-DOS 

·-Además, los s_iguientes nombres de archivo reservados también 
_tienen un significado especial para-DOS y no deberán asignarse 
por el programador en otros contextos:-' 

Nombres de archivos para controlar dispositivos: 

CON PRN NUL 
...,,.,_o_ 

LPTl LPT2 LPTJ 

AUX COMl COM2 

Nombres de archivos ~signados a comandos del sistema DOS: 

DIR_DEL DISKCOPYTYPE ERASE DISKCOMP RENAME 

CLS CHKDSK COPY FORMAT EDLIN 

-' 
1 
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' 
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( .. 
2.2.- Manejo~ Archiyos. 

e 

Cambio de unlded de dluo por omq!6n 

Mientras no se indique algo distinto, ya sea por el programador desde el teclado o median· 
te una instrucción programada, la unidad de disco por omisión es la unidad A, es decir, 
al terminar de cargarse el sistema operativo aparece la petición A>. Toda la información 
se copia de o sraba en el disco neJCible en la unidad de disco A, la cual es la umdad por 
omlsldn. · 

La unidad de disco por omisión puede cambiarse de la unidad A a la B y regresar de 
nuevo a la A con: -

B>. 

Para pasar la unidad de dlaco por omlaiOn da la unidad A a la un1dad B, eocri
baaa 8: y praalóneae la tecla ...., 

B>!L-...,. Para cambiar la ui'.ldad de disco por omisión deBa la unidad A, escrlbaseA: 
y opnmaae la tecla . ...., 

Loa oomancloa det allllerna DOB 

'. 
/ 

El disco nexible de DOS contiene un procesador de comandos, archivado bajo el nombré 
y la extensión COMMAND.COM, que controla el hardware de !a computadora y maneja 
el software. El archivo COMMAND.COM puede ¡rabarse en un disco nuevo durante la 
operación de formateado, la cual se describirá más adelante en este apéndi.ce. El archivo 
COMMAND.COM incluye los siguientes comandos Internos, que son necesarios para el 
pro¡ramador de FORTRAN: · 

OlA 
. AENAME 

CLS 
AUTOEXEC.BAT 

TYPE 
DELETE 
VOL 
EpHO 

COPY 
ERASE 
FILENAME.BAT 

' .. 

i 
1 

1 
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Empl"se •! comando CLS (Interno) para borrar.la pantalla. 

A>CLS.~ Borra la pantalla y después coloca el punto de petr
ción A> y_ el cursor centelleando en la esqurna supe
rior Izquierda de la pantalla. 

Borrar en forma permanente un archivo de un dlaco 

Para cliryainar un archivo de un disco nexible, empl~se alguno de los siguientes dos co
mandos, DEL o ERASE (internos). (Los dos ejecutan la misma función). 

a) A> DEL NOMBAEDEAACHIVO.EXT • .-J 
o 
A>EAASE A:NOMBAEDEAACHIVO.EXT ......... 

b) A>DEL B:NOMBAEDEAACHIVO.EXT ......... 

Borra del disco en la unidad por 
omisión A el archivo esPecifico. 
~OMBREOEARCHIVO.EXT. 

Elimina del disco en la unidad 8 er 
o arChiVO indicado. 
A>EAASE B:NOMBAEDEARCHIVO.EXT ......... NOMBREOEARCHIVO.EXT. 

e) A>DEL B:PROORAMA.??? ....... 
o 
A>ERASE B:PROOAAMA.• ......... 

d) A> DEL B:•.BAK ....... 
o 
A> DEL ?7????77.8AK ........ 

Usa el caractar "comodln" (?} para , 
. borrar todos los archivos cuyo nombre 
sea PROGRAMA (con cualquier 
extensión) del disco en la unidad B. El 
otro "comOdln" (•) también puede 
emplearse, en ese caso sólo se 
necesita un asterisco. 

Mediante al caracter "comodfn" (•) se 
eliminan tOCios los archivos con la 
extensión BA~ (cualquier nombre de 
archivo) del diSCO de la unidad B. El 
otro carécter "comocun· (?) también 
puede utilizarse; sin embargo, se 
requieren 8 signos de Interrogación o 1 
por cada sfmbOio del nombre del 
archivo. 

Duplicación de un archivo eapecfflco y almacenamiento con otro nombre 

Úsese el comando COPY (Interno) para duplicar un archivo particular y almacenarlo con 
un nombre de archivo distinto, como en: 

A>COPY ARCHIVOVIEJO.EXT ARCHIVONUEVO.EXJ" • ........ 

Este comando copia el te>to de un archivo especifico (ARCHIVOVIEJO.EXT) a un ar· 
chivo nuevo (ARCHIVONUEVO.EXT). El nombre y el contenido del archivo viejo per· 
manecen sin cambio. 

NOTA: Si hay un archivo con el mismo nombre del archivo nuevo (ARCHIVONUE· 
·vo.EXT) en el disco, su contenido se reemplaza por la información delarcl>ivo viejo (AR· 
CHIVOVIEJO.EXT). 

. :~ ·'' 
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Coplw un on:IIIYO de un dlaco flexible en la unidad A e un dlaco flexible en la unidad 8 

"Urillcesc el comando COPY (inrerno) para duplicar un Krchivo de un disL'O r~~II;Jit: en lu 

unidad A a uno en la unidad de disco 8, como: 

a) A>COPY NOM8REDEARCHIVO.EXT 8: a+-' Cop1a el le<IO ae "" 
archivo especlrrco 
(NOMBREDEARCHIVO 

EXT) del disco fuente 
en la unidad A, al orsco 
destino en la unidad 8 y 
asigna el mrsmo nombre 
de archivo 
NOMBREDEARCHIVO EXT 
a la copia 

b) A>COPY A:ARCHIVOVIEJO.EXT 8:ARCHIYONUEVO.EXT = <-' Cop1a e1 conle'l•oo ael 
archrvo rnorcado 
(ARCHIVOVIEJO EXT). 
del disco fuente en la 
unrdad A. al arsco 
desrino. As1gna un 
nombre de archrvo 
(ARCHIVONUEVO 

EXT) al nuev•.; 
archivo El_nornore del 
archivo y el ·,~;~~ro en 
el disco fuente 
~ermanece 5111 

cambro 

Nota: En a) y b) si existe un archivo con el mismo nombre (ARCHIVONUEVO 1 ~'/1 en 

el disco destino, su contenido se su~t~ituye por la información del archiv~ dt'l dr~t' /uc11re 

Copler COdoa loa archlvoa de un c:llaco flexible en la unidad A a la unidad e 

Para eopiar codos los archivos de un disco ne"ible de la unidad de dis,:o A .ai d~''a {~(• olt' 
de la unidad 8, un archivo a la vcz,,úsese el comando COPY (tmerno) como "1liu:e: -~ 

A>COPY•.•a:.,...... Copia el texto de cada archivo dar arsco fuent~ en 
la unidad A al disco deslino en la unrdaa S Los 
archivos se duplican uno a uno y se lrstan en la 
panralla conforme se copian. 

lnlroduclr ft manere directa un archivo deade la con~la a un disco flexible . 

Para introducir de modo directo un archivo desde la c~nsola (tecJ¿¡do) <.~ ua dt\C4 (1e•,b4e. 

empl~ el comando COPY (interno) como en: 

A>COPY CON 8:ARCHIVO.DAT a+-' 
·123.458 

~·;:~:: ~·¡a:~~:: 
2 1.875 ~ 

. 3 2.375 ....... 
• ~'-~---rp...JF8 +-' 

',· 

Copia de manera direcra el conten1ao desb r• 
consola (teclado} a el drsco en la unraao By 
asigna el nombre del archivo AACHIVO.DAT 

Siguiendo la Ultima linea del rexro, 'Pie"CIIIete F6. · 
entonces oprlmasa la tecla ....,.; (El pre..-onar F6 
cauaala aparlciOn de' Z) • 

-· ' 
' 



Imprimir el texto de un archivo 

úsese el comando COPY (interno) para imprimir el contenido de un archivo especifico, 
como sisue: 

A>COPV B:NOMBREDEARCHIVO.EXT PAN • ._, 
o 

Con la Impresora activada, esle co
mando hace que la Impresora im· 
prima el texto del archivo indicado 
(NOMBREDEARCHIVO.EXT) del 
diSCO en la unidad B). 

A> COPV B:NOMBREDEARCHIVO.EXT LPTI a._, 

Duplicar un dlaco naxlble 

Para duplicar un disco nexible, por ejemplo, c·opiar el concenido encero del disco nexible 
a ocre disco nexible, ucilicese el comando DISCKCOPY (externo). lniciese con un disco 
nexible que contensa el archivo DISKCOPY.COM en la unidad A. 

A>DISKCOPV A: B:• ......,J 

Respóndase a la petición removiendo' el disco DOS de la unidad A e ins~rrese el disco fu en· 
te en la unidad A y el disco destino en la unidad B. Este comando formatea el disco de 
la unidad 8 y copia el contenido completo del disco en la unidad A (el disco fuente) al 
disco en la unidad 8 (el disco destino). 

P~rauridn: En DOS 2.10, la ej~ución del comando DISKCOPY formatea de manera 
autómatica el disco destino. Toda la ill/ormacidn almQcenada en el disco en la unidizd 8 
se borra. 

Comparar y verificar loa cOfttanldoa da dOI dlacoa 

Para comparar los concenidos de dos discos y verincar que son id~nticos, úsese el coman· 
do DlSKCOMP (externo). Empi~cese con un disco que conrenaa el archivo DiSK· 
COMP.COM en la unidad A. 

. A> DISKCOMP A: B: • ..,_¡ 

Respóndase a la petición retirando el disco DOS de la unidad A e ins~rtese ahf mismo el 
disco orisinal y la copia en la unidad 8. Este comando compara los archivos del disco de 
la unidad 8 con los del disco de la· unidad A y verifica que sean iguales . 

. Nora: El comando DISKCOMP puede emplearse después de duplicar un disco para ase· 
aurarse que los archivos en la copia son idénticos con los arctrivos del original. · 

Aevlur el e atado de un_ cUICO 

Úsese el comañdo CHDSK (externo) para revisar el estado de un disco: 

.&>CHKDSf(S:• ~ P:-oocre:ena un 1I'TI'ot'r'rte ~ astaaa en lf ~~seo en ra 
un1dad indicada. Revisa los secrores y p1stas no 
ulilizadoa; cuantlrlca el espacio usado (bytes) e indica 
el nUmero de bytea dlspaniblea en el espacio restante 
del disco. 

-¡ 
¡ _, 



2.3.- Manejo ~Directorios. 

Un disco contiene grupos de archivos denominados directorios. Cuando un directorio 
contiene tanta infonnación que ya no se puede encontrar fácilmente lo que se desea, se 
subdivide en subdirectorios. 

Uso de directorios 
Los directorios son muy imponantes cuando se utiliza un disco duro. Si se utilizan sólo 
disquetes, los archivos se pueden mantener organizados colocándolos en disquetes 
distintos. Con un disco duro. que nonnalmente puede almacenar mucha más infonnación 
que un disqueie. se hace necesario organizar los archivos en categorfas. de fonna que se 
puedan encontrar fácilmente . 

. ~1 árbol de directorios 
Cada disco tiene por lo menos un directorio.._<;:uando se da fonnato a un disquete o al disco 
duro. M S-DOS crea un directorio en el que se almacenan el resto de los archi'vos y 
directorios. Este directorio se denomina dirutorio rafz. Se pueden crear subdirectonos del . 
d~rectorio raíz para organizar los archivos. Los directorios y subdirectorios forman una . 
estructura denominada árbol de directorios. Se pueden crear subdirectorios dentro de estos 
subdirectorios para organizar incluso más archivos. 

Puede seguir a~adiendo directorios en cualquier nivel de la estructura, hasta S 12 archivos y 
directorios en el directorio raí• del disco duro (un·directorio raíz en un disquete tiene 
menos archivos y directorios). No obstante, MS-DOS se ejecuta más lentamente si hay más 
de 150 archivos y subdirectorios en el mismo directorio. 

Hablando con propiedad, el resto de los directorios distintos del directorio raíz son 
.,ubdirectorios. Sin embargo, es nonnal utilizar el t~nnino direcrorio. En el manual, el 
término subdirectorio se utiliza sólo para dar mayor ~nfasis a la relación entre dos 
directorios. Uri subdirectorio a veces se denomina dire<·torio hijo, y el directorio que lo 
contiene se denomina con frecuencia directorio padre. 

: ·~ ~. \ \ .. ,:-· 
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Nombres para directorios 

Con excepción del directorio raíz, que siempre se representa por una barra invertida(\), 
cada directorio tiene un nombre y algunas veces una extensión. Para dar nonlbre a los 
directorios se siguen'cstas reglas: 

• Elnnmhre tiene <¡ue contener entre 1 y H caracteres. 

• Lu c~ten•luu pucJc tcucr uum:\~iuH> Jc .l cnructeres, scpurauos Jd nombre del 
directorio por un punto. 

12 

• El nombre y la extensión pueden tener cualquier letra desde la A a la Z, números desde 
el O al 9, y los siguientes caracteres especiales: subrayado(_), símbolo de intercalación 
('). slmbolo de dolar($), tilde(-). signo de exclamación de cierre ( 1), slmbolo de 
número(#), signo de porcentaje(%), símbolo de unión (&),guión (- ), llaves ( 1 1 ), y 

. paréntesis·( ). No se aceptan otros caracteres especiales. 

• El nombre no puede contener espacios, barros invertidas (\),comas o puntos. El nombre 
puede contener caracteres.extendidos. 

• Dos subdirectorios que estén en el masmo directorio no pueden tener el mismo nombre. 
Sin embargo, subdirectorios de diferentes directorios pueden tener el mismo nombre.· 

El directorio actual se indica con su nombre o con un punto. Al directorio padre del 

directorio actual se le puede nombrar por su nombre o por un doble punto. Cuando se 
utiliza el comando dir para examinar los archivos y directorios de un directorio (diferentes 
del directorio ral•). se -pueden ver estos slmbolos en pantalla, que representan Jos 
directorios padre e hijo. 

Rutas de acceso 

La ruta de acceso indica el emplazamiento de un archivo dentro del árbol de directorios. 
el camino que debe seguir M S-DOS. partiendo del directorio raíz, para llegar a un archivo 

. de otro directorio. MS-DOS reconoce rutas de acceso de hasta 66 caracteres, (incluyendo 

la letra de la Unidad y los dos puntos). Por CJemplo suponga que la unidad e !lene este'áTI 
de directorios: 

!C:\1 tree 
Lista de directorios en ~UTA y estructura del Volumen CESAR l 
N~mero de serie del volumen es 1575-6935 i 
C:. / 

~= ' 
L_ ARTE 

TRABAJO 
PERSONAL 
ESTUDIO 

·, 

...... 

1 

i 
L 



• 

,. ,. 

---- -------- - --' ----- ------- ---.. . . --.. 

Para llegar hasta los archivos del directono PERSONAL, M S-DOS debe pasar por los 
siguientes directorios: raíz(\), ARTE y PERSONAL. Por Jo tanto el nombre de la ruta de 

acceso sería: \ arte\persona 1 

La primera barra invertida representa el directorio raíz; la segunda separa el directorio 
PERSONAL del directorio padre. ARTE. 

!] 

Para encontrar el directorio PERSONAL, debe escribir primero la ruta de acceso del 
directorio. Si desea especificar el archivo FIG I.MSP en el directorio \ARTE\PERSONAL, 
debe agregar a la ruta otra barra in venida y el nombre del archivo: 

\arte\personal\figl.msp 

Puede haber otros archivos denominados FIG I.MSP en otros directorios y puede haber 
otros directorios denominados \ARTE\PERSONAL en otros discos. Para distinguir 
específicamente un archivo del resto de Jos archivos, se tiene que agregar una letra de 
unidad a la ruta de acceso y al nombre del archivo. Por ejemplo, la ruta de acceso completa 
del archivo FIG I.MSP del directorio ARTE\PERSONAL de la unidad e es: 

c:\arte\personal\figl.msp 

La unidad actual 
A menos que se indique lo contrario. MS-DOS supone que se quiere utilizar el árbol de 
directorios en la unidad actual. La letra de la unidad actual normalmente es pane del 
símbolo del sistema. Si actualmente se está utilizando el directorio raíz de la unidad A y se 
quiere suprimir el archivo A:\FIG J.MSP, se debe escribir el siguiente comando: ; 

del figl.msp 

Sólo puede haber una unidad actual a la vez. Para trabajar con Jos archivos de la unidad que 
no es la actual, se debe escribir otra letra de unidad seguida por dos puntos y presionar la 
tecla ENTRAR. 

El directorio actual 
El directorio en el que se está trabajando es el directorio actual para esa unidad. MS-DOS 
puede presentar en pantalla la ruta de acceso del directorio actual como pane del sfmbolo . 
del sistema. Si se desea realizar alguna operación en un archivo, y se está utilizando 
actualmente el directorio en el que está el archivo, no se necesita escribir la ruta de acceso 
del directorio actual. Si e es la unidad actual y \ARTE\PERSONAL es el directorio actual, 
'e puede suprimir el archivo siguiente e:\ARTE\PERSONAL\FIG I.MSP escribiendo lo 
s1guiente: del figl.msp 

Si se está trabajando con dos unidades, cada una de ellas tiene un directorio actual. _ 

Suponemos que Ces la unidad actual y \ARTE\PERSONAL es el directorio actual. En su 
disco de la unidad A, suponga que el directorio \FIGS es el directorio actual. Se debe 



escribir el siguiente comando para copiar el archivo FIG2.MSP desde A:\FIGS a 
C:IARTE\PERSONAL: copy a, f ig2. msp e, 

-
l.t.\ 

A menos que se especifique una ruta de acceso diferente. se trabaJa en el directorio actual 
en cada unidad. Cuando sC inicia el sistema se está en los directorios raices de la~ unidmJes 
del sistema. El directorio actual de una unidad de disquete cambia al directorio raí1. si ~e 
cambian los discos. 

Para trabajar con archivos en un directorio que no es el actual, hay do~ opciones: !-.t: escribe 
la ruta de acceso del otro directorio o se hace actual el otro directorio utilizando el 

comando cd (cambio de directorio), que se describe posteriormente. 

Si se está trabajando con archivos de programa que no están en el directorio actual. se 
puede incluir la ruta de acceso del ot~o directorio en el comando path. Vea el tcml.l 
"Especificación de una ruta de búsqúeda" en este capítulo. 

Si se quiere escribir la ruta de acceso de otro directorio, se incluye la pane de la ruta de 

acceso que es diferente deSde la ruta de acceso del directorio actual. Si el directono actual 

es \ARTE, se puede suprimir el archivo IARTEIPERSONALIFIG I.MSP escribiendo el 
siguiente comando: del perSonal\figl.msp 

En este caso no es necesario ~scribir la ruta de acceso completa, ya que el archivo que ,..,e 
quiere escribir está en un subdirectorio del diredorio actual. 

Modificación del símbolo del sistema 

Se puede utilizar el comando prompl para modificar la apariencia del símbolo del ,¡Sicma. 
A menos que se indique lo contrario, MS-DOS visualiza la letra de la unidad actual 
seguida de un signo mayor ~ue (>)como símbolo del sistema. Por ejemplo. el ,..,,gUiente 

símbolo le indica que la unidad activa es la A: A> 

Se pueden utilizar varios parámetros con el comando prompl para cambiar el símbolo del 
sistema. 

Presentación del contenido de directorios 

Este apanado describe cómo presentar la lista del contenido de directorios utilizando la 
HnCa de comandos. .,¡,,-_ 

•' 
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Presentación de directorios completos. 

Para ver el contenido de un directorio, se utiliza el 
comando dir. Para ver el contenido del directorio C:\TRABAJO se 
utiliza éste comando~ 

dir c:\trabajo 

Presentación de grupos de nombres de archivos. 

Para presentar la lista de un determinado grupo de nombres 
de archivos de un directorio, se incluyen comodines con el 
comando ,dir. El siguiente comando prese'nta una lista de todos los 
archivos del directorio actual que tengan la extensión .COM: 

dir *.com 

Presentación de todos los directorios de uri disco. 

Para presentar en la pantalla la estructura de un directorio 
y sus subdirectorios, se utiliza el comando tree (árbol). Por 
ejemplo, el siguiente comando presenta en pantalla la relación 
entre el directorio C:\TEMP y sus subdirectorios: 

tree c:\temp 

Creación de directorios. 

Para crear un directorio, se utiliza el comando md (mkdir) . 
Si el directorio C:\IMPUESTO\ANUAL es el directorio actual, rl 
siguiente comando crea un subdirectorio llamado MENSUAL: 

md mensual 

' 4 

', ' 
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Cambio de directorio. 

Para desplazarse a un directorio. diferente en la unidad 
actual, se utiliza el comando cd (o en su forma ampliada chdir). 
El siguiente comando cambia el directorio actual al directorio 
C:\OFICINA\INFORMES: 

cd oficina\informes 

Eliminaci6~ de directorios. 

Para eliminar un directorio se utiliza el comando rd 
(rmdir), como en el siguiente ejemplo: 

rd c:\oficina\informes\finanzas 

El sistema MS-DOS elimina el subdirectorio FINANZAS del directo
rio C: \OFICINA\INFORMES de la unidad actual. El directorio que 
elimina no puede contener ningún archivo o subdirectorio. 

Copia de todos los archivos de un directorio. 

Para copiar un solo directorio (sin subdirectorios) , se 
utiliza el comando xcopy sin modificadores. Por ejemplo, para 
copiar todos los archiVos del directorio C:\INFORMES\FINANZAS al 
directorio FINANZAS de la unidad A, se deberá escribir el 
siguiente comando: · 

xcopy c:\informes\finanzas a:\fi~anzas 



2.4.- Maneio de Discos. 

La Información .se guarda en discos y permanece intacta hasta que se eliminan. En 
contraste, la rnemoria RAM (memoria de acceso aleatorio). proporciona almacenamiento 
de información que se pierde cada vez que se apaga el ordenador. 

Tipos de discos 
Un disquete es un disco flexible y muy delgado que tiene una cubiena protectora de 
pJj.srico. Un disco duro tiene uno o más discos rígidos apilados uno encima del otro dentro 
de uni..l_caja cerrada completamente. A los discos duros tarÍlbié'n se los deñomina discos 

fijo.\ porque permanecen demro del sistema. Una vez que se ha instalado el disco duro, no 
~e debe rctirür a no ser que esté dañado o se desee sustituir por un disco de _mayor 
capac1dad. · .. 

La información de Jos disco.'\ se divide en pi!o!tas. CaOa pista es un círculo concéntrico que 
puede Contener una cierta cantidad de información. Cuantas más pistas tenga un disco, más 
información puede almacenar. Un disco duro puede almacenar más información que los 
disquetes porque tiene más caras y Tnás pistas por cara. 

Lo.\ disquetes varían en cuamo al tamaño y la cantid<:~d de inforniación que pueden 
contener: A continuación se presentJ una li.'lta con los principales tipos de disquetes con los 
que se puede trabajar en M S-DOS, y la cántidad de información que cada uno puede 
<.Jllllacenar: 

5 J/4 pulgadas una sola cara/doble densidad 

5 1/4 pulgadas una sola cara/doble densid•d 

5 1/4 pulgados dos caras/doble densidad 

5 1/4 pulgadas dos caras/doble densidad 

5 1/4 pulgadas dos caras/cuadruple densidad 

J 1/2 pulgadas dos caras/doble densidad 

3 1/2 pulgadas dos caras/cuadruple densidad 

J 1/2 pulgada.< dos caras/alta densidad 

160K 

180K 

J20K 

J60K 

1200K 6 1,2 MB 

720K 

1440Kó 1.44MB 

2880K 6 2,88 M B 

La mayor parte de Jos disquete.\ tienen etiquetas que indican de qué tipo son. También se 
puede ut ilizí.lr el com<Jndo dir o chkdsk para ver lél inform<Jción sobre la cap<Jcid<Jd de 
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almacenamiento de un disco que ya tlene formato. 

Bytes, Kilobytes y Mega bytes 
El tamaño de los archivos se mide en bytes. Un byte es la cantidad de espacio que se 
necesita para almacenar un solo carácter. Un kilobytes equivale a 1024 bytes. En e~te 
manual el kilobyte se abrevia como KB. Un megabytes equivale a 1024 K [casi un millón 
de bytes). En este manual la palabra megabyres se abrevia como M B. Por ejemplo. :-.i un 
disco puede almacenar casi 1,2 millones de bytes de informat:ión, t::, un di:,t:o de 1.2 M B. 

Tipos de unidades de disco 
No todos Jos tipos de disquetes son compatibles con todos Jos tipos de unidades de disco. 
En general, al disquete se le debe dar un formato con una capacidad menor o igual que la 
de la unidad en la que se utilic~ pará que el disco y la unidad sean compatible,. Para 
comprobar si un disco funciona con una determinada unidad, el disco se insena en la 
unidad y se utiliza el comando dir. Si el disco y la uni.dad son compatibles o el disco no 
tiene fonnato, MS-DOS presenta un mensaje de error que le comunica que hay un fallo 
general. 

MS-DOS ajusta sus operaciones para trabajar con el tipo de unidad de disco que se está 
utilizando. Para algunos comandos. se incluye un modificador si la unidad de discu y el 

· disquete no tienen la misma capacidad. 

El formato de los discos 
Antes de poder utilizar un disco, se debe preparar utilizando el comando formal. El di."o 
puede tener o no fonnato previo. Cuando se da formato a un disco. MS-DOS realiza un 
formato de seguridad. Con este formato de seguridad, se puede restaurilr el d1:-.co· a su 
condición anterior mediante el comando unformat, siempre que no se hayan guardado 
archivos en dicho disco. 

Se puede incluir el modificador /u con el comando formal para ejecutar un formato 
incondicional. Este fonnato destruye toda la infonnación del disco. Si de forma errónea se 
da fonnato a un disco incondicionalmente, todavía se puede recuperar la información 
perdida siempre que se haya instalado el programa Mirror antes de utilizar el comando 

formal. El programa Mirror se describe en la siguiente sección. 



Cuando "e da formato a un disquete o a un disco duro, M S-DOS reserva una pequeña pane 

del disco para su sistema de registro. El sistema de regtslro se compone de dos panes: una 
wbla de a.nRnación de archivos (que detennina el emplazamien10 de cada archivo del 

di.o.,co) y el directorio ratz (que almacena el nombre. tamaño, fecha y hora de creación y los 
atributos de los archivos del disco). 

Un sector e~ la unidad de almacenamiento bástca de un disco. Cada sector de un disco 
puede almacenar medio kilobyte de información. Cuando M S-DOS da formato a .un disco; 

M S-DOS vcnfica cada sector para detectar si tiene algún defecto, y marcarlo para que no 

pueda almacenar datos en ellos. Cuando M S-DOS almacena un archivo en un disco, utiliza 

grupos de sectores llamados unidades de asignación. El número de sectores por unidad de 

astgna ... ;,)n depende del tamaño del disco. 

St se ut1lizu un disco duro nuevo, se debe realilar una partición antes de poder darle 
formato. Mienlras se ejecuta el programa de Instalación de M S-DOS puede crear 

particiones y dar formato al disco duro. 
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Formato de un disco 

En breve _____________________________________________ _ 

Para dar formato a un disquete o a un disco duro, se utiliza el comando formal. Se debe 
especificar la unidad que contiene el disco al que se quiere dar formato. Por ejemplo. el 
siguiente comando da formato a un disquete de la unidad A: forma t a, . 

MS-DOS realiza un formato de seguridad de forma predeterminada. Si se desea deshacer 
el formato de seguridad, se añade el modificador /u al comando formal el modificador /u 
elimina todos los datos existentes en un disco. Cuando se utiliza el comando formal ~,;on el 
modificador /u par~ dar formato al disco duro. aparece el siguiente mens<~je: 

Pellgro, todos los datos del disquete de- la unidad C: se perderán 
¿Continuar con el formato (S/N)? 

Escribas para continuar, o n para cancelar el comando. 

-Utilizando el modificador /q con el comando formal, se puede rcaliz~F un form<~IO r:ípt<Jn 
en un disco con formato previo, lo cual reduce el tiempo que MS-DOS necesita para dar 
fonnato a un disco. Sólo se utiliza el modificador /q ~¡ no se han recibido errores dr 
lectura/escritura en el' disco al que se esté dando formato. 

Mientras se da formato al disco, MS-DOS presenta un mensaje que indica el porcentaje tlcl 
disco al que se da formato. Una vez terminado el proceso, se pregunta si se dc .... ca dar al 
disco una etiqueta del volumen. Se debe escribir el nombre que se desee UOJr ~~~ J1..,t.:u o 
presionar la tecla ENTRAR si no se desea una etiqueta. 

MS-DOS presenta la siguiente información: 

1213952 bytes de espacio total en disco 
1213952 bytes disponibles en d1sco 

512 bytes en cada unidad de asignación 
2371 unidades de asignación disponibles en d1sco 

Número de serie del volumen 382C-17F4 

Bytes de espacio total en disco (ndica la capacidad de almacenamiento del di.\co. 

Bytes utilizados por el sistema Aparece si se han transferido al disco los archivo.\ del 
sistema de MS-DOS e indica el espacio que ha sido ocupado por los tres arch1vos del 

sistema. 

Bytes en sectores defectuosos Indica la cantidad de espacio que no es posible u!liltar 
debido a sectores defectuosos. Si no hay sectores defectuosos, esta línea se omite. S1 un 
disquete tien~ sectores defectuosos, se debe considerar no almacenar archivos imponantes 
o archivos de copia de •eguridad en él. La mayor pane de los di"os duros tienen un 
pequeño número de sectores defectuosos. · 

.... 
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Bytes disponibles en disco Indica el espacio total del disco menos la cantidad de espacio 
utilizado por los aschivos del sistema y los ~ectores defectuosos. Si el disco no contiene 
aschivos del sistema y no hay sectores defectuosos, este número es igual al número de bytes 
del espacio total del disco. 

Byres en cada unidad de asignación y unidades dt asignación disponibles en un disco 
Indican la fonna en que MS-DOS ha dividido el disco pasa el almacenamiento de los 
archivos. Si se multiplican las dos cifras de estas lfneas, el resultado debe coincidir con la 
cifra que corresponde al número de "Bytes disponibles en disco". 

El nUmero de serie del Yolumen Indica el número de serie asignado al disco. Este número 
no cambia a menos que se dt nuevamente fonnato al disco. 

La siguiente lfnea es un sfmbolo del sistema para dar fonnato a otro disco. Se escribes para 
dar formato a otro disco en la misma unidad con los mismos modificadores, o se escribe n 
para volver al sfmbolo del sistema. 

Especificación de la capacidad de un disquete 
A menos qué se indique lo contrario, MS-DOS supone que el disco que se quiere das 
fonnato tiene la capacidad mhima que corresponde a la unidad. Para das fonnato a un 
disco de menor capacidad, 'se debe utilizas el modificador Ir:. Por ejemplo, si la unidad A es 
de 1.2MB. para discos de S 114 pulgadas y se desea dár fonnato a un disco de 360 KB. se 
debe utilizas el siguiente comando:· 

fonnat a: /f:360 

Algunas de las unidades de disco modernas pueden detectas la capacidad del disquete. Si se 
dispone de este tipo de unidad, no se necesita especificas estos modiflcadore~. 

NOTA Existen diferencias de hardware enlre unidades de disco, por lo que algunas unidades de 
360 KB no pueden leer de manera fiable discos a los que se ha dado forma lo en una unidad de 1 .2 
MB con el modifiC8dor /1:360. · 

... o. 
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2.5.- Manejo gg gn Editor. 

con la finalidad de generar un código para un programa, para 
revisar listas de resultados, añadir texto a una presentación, 
etc., se precisa del manejo de un editor de texto. 

Para ello, desde las tempranas versiones de MS-DOS, se ha 
incluido en los diskettes de programas, editores de text6, que 
aunque un tanto cándidos, son eficientes. Las últimas versiones 
de MS-DOS incluyen editores (EDIT), que son más refinados y 
permiten un procesamiento de texto más capaz·. -

Asimismo,_ para la edición de .texto tipo ASCII (American 
standard Code for Information Interchange), se pueden utilizar 
editores de texto comerciales (Wordstar, WordPerfect, Norton 
Editor, etc). 

Tales editores de texto deberán invocarse desde el sistema 
operativo y contienen reglas internas de operación que pueden 
consultarse en sus respectivos manuales· de- referencia o en sus 
subprogramas de ayuda. 

J,- Fundamentos de Programación. 

Para -un entendimiento claro de las estructuras y funciones 
de un programa, es necesario conocer varios tópicos referentes a 
la programación, para tal efecto, se ha escogido para éste seg
mento, el lenguaje de programación Fortran, el cual es de uso muy 
extendido; sin embargo, se tratarán los temas de una manera muy 
general, de tal forma que puedan sin nin-guna dificultad ser ex
tendidos a lenguajes tales' corno Basic, Pascal y otros. 

La comprensión completa del lenguaje técnico no es 
prerrequisito para la preparación int.l!ligente de una secuencia 
lógica de instrucciones (un programa) que puedan usarse en la 
computadora para resolver algún problema. Sólo se necesita 
aceptar la premisa de que en un disco flexible o en alguna parte 
del disco duro existe un conjunto de instrucciones. detalladas en 
lenguaje de máquina que habilitan a la computadora para ejecutar 
una serie de instrucciones simplificadas orientadas al usuario y 
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preparadas bajo las reglas del Fortran, Basic, Pascal, etc. Este 
juego de instrucciones en lenguaje de máquina se origina con un 
programa compilador. 

3.1.- Constantes y Variables. 

Un valor matemático se representa mediante una serie de 
digitos numéricos con o sin punto decimal o signo algebráico. Las 
constantes que se empleen, podrán ser de tipo real, entero, expo
nencial, lógico, de caracter, de cadena de caracteres y en algu
nos casos, definidas por el usuario. 

Una cantidad cuyo valor numérico se desconoce temporalmente 
o que pueda cambiar durante la ejecución de un programa, se llama 
variable y sé expresa por un nombre de variable. El Aombre ·de 
variable lo crea el programador y dependiendo del sistema .·de 
computadora que se utilice podrá consistir de una a varias letras 
o combinaciones de letras y numeras. 

3.2.- Proposiciones y Asignaciones. 

El lenguaje Fortran usa los caracteres alfabéticos, numéri
·cos y especiales del idioma inglés y de la matemática; las 26 
letras del alfabeto inglés, A a Z; los 10 digitos decimales o a 9 
y 10 caracteres especiales: 

+ - * ¡. = . 1 ( ) 

Aunque éstos son los más comunes, existen otros caracteres 
también disponibles. 

Estos caracteres se combinan para formar palabras, números y 
expresiones que se utilizan para construir proposiciones. Una 
proposición puede ser una instrucción explicita para que la com
putadora ejecute una tarea sencilla, por ejemplo leer un valor 
introducido desde el teclado y asignarlo al nombre de una varia
ble o realizar operaciones aritméticas y asignar el resultado a 

.una variable, repetir una serie de tareas, o imprimir los resul
tados de un cálculo. 

' 
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Además, una proposición puede proporcionar información para 
definir un arreglo, identificar una variable compleja o especifi
car un formato de salida. 

Un programa consiste en una serie detallada de instrucciones 
y proposiciones organizadas en secuencia lógica para alcanzar 
resultados predecibles. 

Una proposición de asignac1on es una proposic1on ejecutable 
que asigna los valores numéricos de una expresión aritmética a un 
nombre de variable en una dirección de memoria especifica. El 
simbolo de asignación es el signo = o en ocasiones := (Pascal). 

3.3.- Lectura y Escritura. 

Existen proposiciones ejecutables que· proporcionan 
s.!'lncillos y directos para suministrar valores de datos 
nombres de las variables que se usan en un programa. 

m.edios 
a los 

Cuando es necesario que los valores por asignar a los 
nombres de las variables_ ·en la lista se deben leer .desde un 
archivo de datos almacenado en un disco flexible·o en disco duro, 
existen·proposiciones especificas para ello. 

Los valores en cada registro del archivo de datos deben 
concordar en número (cantidad); orden y tipo con los nombres de 
las variables en la lista de lectura. Si el conjunto de datos que 
se proporciona en un sólo registro excede al número de nombres de 
las variables en la lista, los valores de datos se asignarán, en 
el orden correspondiente, hasta que a cada nombre de variable de 
la lista se la haya asignado un valor. Cualquier dato adicional 
del registro se ignora. 

Existen asimismo proposiciones ejecutables para la salida de 
datos a la pantallá, impresora o archivo. 

·--~ -·--------"--
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3.4.- Iteraciones~ Transferencias. 

Para utilizar todo el potencial de la computadora es necesa
rio saber cómo repetir una secuencia de tareas, tomar decisiones 
basadas en comparaciones sencillas y saltar a otra proposición 
especifica en el programa. La iteración o repetición de cálculos 
se llama ciclo y es el resultado de la ejecución de varias trans
ferencias mediante proposiciones de control. 

Una proposición de transferencia es una proposición ejecuta
ble que transfiere o ramifica a otra proposición identificada por 
una etiqueta de proposicióri Qnica. Una proposición de transferen
cia puede ser condicional o incondicional. Las proposiciones de 
transferencia incondicional siempre transfiere a una sóla propo
sición, miestras que una proposición de transferencia condicional 
puede transferir a una de varias proposiciones específicas, de
pendiendo de las condiciones de los datos. 

Una proposición de control puede repetir un conjunto parti
cular de propposiciones un determinado nQmero de veces. 

Existen y son- de gran trascendencia, las proposiciones de 
transferencia condicional de tipo lógico. Este tipo de proposi
ción ,emplea expresiones lógicas con operadores relacionales: y 
toma decisiones en función de la relación entre los valores .de 
dos o más variables'o expresiones aritméticas. 

3.5.- Vectores. 

Con frecuencia es necesario trabajar con cantidades 
numéricas que son elementos de un grupo llamado arreglo, y de 
acuerdo con su forma también se les puede llamar matrices o 
vectores. -un arreglo es una familia de elementos o cantidades, 
relacionados, todos asignados al mismo nombre de variable, cada 
elemento del arreglo se identifica con un subíndice diferente. 
Las variables_ que son elementos de un arreglo se conocen como_ 
variables con subíndices. 

En la mayoría de los lenguajes, antes de que pueda usarse 
una variable con subíndice en un programa, primero es necesario 

' -
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definir el ·arreglo del que forma parte con una proposición de 
dimensionamiento que establece el arreglo con nombre y número de 
subindice (1, 2, n dimensiones), define el máximo valor numérico 
de cada subindice y reserva las localidades de almacenamiento 
para acomodar cada elemento del arreglo. 

3.6.- Subprogramas . 

. El motivo principal para usar la computadora en la solución 
de ·problemas es reducir el tiempo necesario para hacer cálculos 
repetitivos. Con frecuencia, planear y escribir un programa de 
c_omputadora es una tarea laboriosa,. consume tiempo y requiere 
atención cuidadosa para cada detalle de las proposiciones del 
programa. Cuantas más proposiciones tenga el programa, mayores 
posibilidades de error existen. Cualquier cosa que pueda hacerse 
para eliminar proposiciones innecesarias o ·evite escribir la 
misma proposición más-de una vez, vale la pena. 

Muchos programas contienen cálculos que necesitan proposi
ciones sencillas o que requieren de un segmento de programa con 
muchas proposiciones para repetirse en ése programa o en progra
mas relacionados. Semejantes rutinas de repetición pueden supri
mirse del programa principal y escribirse en forma separada com 
osubprogramas. Despúes, ésos subprogramas pueden llamarse de un 
modo individual mediante una proposición- sencilla colocada de 
manera apropiada en el programa principal siempre que se le nece
site. El subprograma desarrollado por -el programador sirve al 

. mismo propósito para aplicaciones limitadas como las funciones 
int:t:"insecas más generalmente aplicables y puede grabarse. para 
usos"subsecuentes en otros programas. 
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3.7.- Almacenamiento~ compilación. 

Algunos lenguajes, tal como el Fortran, son lenguajes 
compiladores, es decir, el programa fuente escrito por el 
programador debe traducirse (compilarse) a un código simbólico o 
lenguaje de máquina que sea comprensible para la computadora 
personal. Se requiere de un programa intermedio llamado 
compilador para hacer ésta operación. Hay diversos compiladores 
disponnibles. El compilador que se usó para la traducción 
(compilación) del programa. ejemplo de éste segmento es el 
Compilador Microsoft Fortran. 

El compilador MS-Fortran corisiste en un conjunto de discos 
flexibles, guia del usuario y un manual de referencia que 
proporcionan información detallada de los archivos de los discos 
y la forma en que pueden aplicarse. En ésta sección se muestra de 
manera somera cómo se realiza la escritura, edición, compilación 
y ejecución de un programa fuente Fortran de ejemplo (consúltense 
la gúia y el manual del usuario para obtener un conocimiento más 
completo del compilador·Fortran). 

4.- Modelos Matemáticos, 

4;1.- Qué es J!!l Modelo Matemático. 

Los modelos matemáticos en geohidrologia son una importante 
herramienta que ayuda a conocer el funcionamiento de los acuife
ros. Los modelos pueden utilizarse para simular el funcionamiento 
de un acuifero, inclusive cuando éste es complejo, ·incluyendo 
efectos producidos por barreras, la existencia de limites irregu
lares, la presencia de heterogeneidades en el subsuelo, etc. Se 
puede definir tanto el flujo del agua, como el transporte. de 
contaminantes, asi ~omo el análisis de la deformación del terre
no, como es su hundimiento. 

Los modelos matemáticos son un valioso auxiliar en la pla
neac~on del manejo de acuiferos, al simular su comportamiento 
bajo diferentes politicas de operación. 

_j 
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Para la elaboración del modelo matemático de un acuífero, 
primeramente hay que conceptualizar su funcionamiento; el si
guiente paso consiste en transcribir los procesos físicos a tér
minos matemáticos, mediante el desarrollo de las ecuaciones que 
gobiernan el flujo de agua subterránea; son ·necesarios también la 
recopilación y depuración de datos del acuífero, su preparación o 
procesamiento, la calibración y la simulación. 

Es indispensable tener una clara idea del funcionamiento del 
acuífero lo cual incluye, por una parte, las causas modificadoras 
del ácuifero que corresponden a los medios de recarga y descarga. 
La recarga puede corresponder a la infiltración y la descarga a 
salidas por flujo subterráneo y a la extracción por bombeo. Las 
variaciones en la recarga y descarga dan fluctuaciones de la 
superficie piezométrica. 

Ya conocido el funcionamiento del acuífero se transcriben 
los procesos físicos que rigen el funcionamiento de este a térmi
nos matemáticos mediante el desarrollo de ecuaciones que simulan 
el comportamiento del flujo de agua subterránea. El -entendimiento 
de estas ecuaciones y sus limitaciones son condiciones necesarias 
para el buen desarrollo del modelo. 

Otro punto por desarrollar en la formación de un modelo 
matemático es la obtención de las características del acuífero, 
tales como transmisividad, coeficiente de almacenamiento, espesor 
del acuífero, limites, gastos de extracción por pozos, etc. Estos 
datos deben de ser procesados y adaptados a los requerimientos 
del modelo. La calidad de este tipo de datos está en relación 
directa a la exactitud de los resultados que se obtengan. 

El acuífero por estudiar se discretiza o se divide en peque
ñas áreas denominadas elementos, las cuales pueden tener formas 
regulares o irregulares. 

La malla regular, o de diferencias finitas, tiene la ventaja 
de que su construcción es · simple, pudiendo consistir ésta de 
rectángulos. Las mallas pueden también ser irregulares (método de 
elementos finitos) y su diferencia fundamental respecto a la 
malla regular, es que al permitir el diseño de elementos irregu
lares llegan a representar los limites del acuífero con mayor 
exactitud. El .trazo de la malla irregular es más complejo y las 
ecuaciones aplicables presentan - limitantes. Para cada elemento 
discretizado, se aplican las ecuaciones de flujos, obteniéndose 
un sistema de ecuaciones simultáneas cuya incógnita es la carga 
hidráulica en un tiempo determinado. 
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La calibración consiste en· efectuar corridas del programa 
matemático alimentado con los datos del acuifero, comparando los 
resul tactos con datos observados. En los si ti os donde' existen 
variaciones entre valores calculados y observados, se revisan los 
datos de entrada y se realizan ajustes para efectuar nuevas co
rridas, hasta lograr la mejor aproximación posible. 

La primera corrida se conoce como "análisl.s de sensibili
dad", en el cual se observan, en forma general, los resul tactos 
obtenidos. Posteriormente, se hace un ''ajuste mayor'' que consiste 
en efectuar los cambios necesarios en forma global dentro del 
modelo. Posteriormente se hacen "ajustes puntuales" a fin de 
llegar a la calibración del modelo. 

Es importante que los ajustes que se realizen tengan justi
ficación;· ya que de otra manera se estará forzando al modelo a 
conclusiones y procedimientos erróneos. 

4.2.- Herramientas Computacionales. 

En el procesamiento de la evolución de los niveles 
piezornétricos, o en los datos obtenidos de hidrógrafos·· y 
cualquier comportamiento que registre tendencia, se pueden 
realizar procedimientos de aproximación, por medio de métodos 
numéricos, con el auxilio que la computadora representa. A 
continuación se referirán distintas formas: 

4.3.- Paauetes de Análisis. 

Corno se observa en una de las figuras anexas, es posible 
realizar análisis de aproximación por diferentes técnicas a tra
ves de programas tales cómo Harvard Graphics, Lotus 123, Excel, 
etc. 

Además, se encuentran programas tales corno Curfit, Mathema
tica, etc., que realizan análisis a funciones en general (se 
observa un ejemplo anexo). 

·, 
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4.4.- Lenguaies. 

De manera similar, un-ingeniero puede realizar programas de 
modelado en cualquiera de los lenguajes mencionados u otros. 

En los Estados Unidos existen empresas que se dedican a la 
ingenieria de software especializado . en geohidrologia y 
contaminación de acuiferos, que trabajan con una alta calidad y 
resolución. En México, el Instituto de Ingenieria de la UNAM y 
otras instituciones ae educación superior asi como dependen¿ias 
gubernamentales trabajan con gran éxito del modelado matemático 
de fenómenos de dispersión de contaminantes. 

Elaboró: Ing. F. Meixueiro. 

., 
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Programa de Demostración del Bubble Sort 
Microsoft FORTRAN77 -
Agosto 29, 1993 

La rutina principal lee de la terminal un vector 
de diez números reales en formato FS.O e invoca a 
la subroutina BUBBLE para sortearlos. 

REAL R(lO) 
INTEGER I 
WRITE (*,001) 

001 FORMAT(lX, 'Programa de Demostración del Bubble sort. ') 
100 DO 103 !=1,10 

WRITE (*,101) I 
101 FORMAT(lX, 'Anote el número real No. ',!2) 

READ (*,102) R(I) 
102 FORMAT(FS.O) 
103 eoNTINUE 

eALL BUBBLE(R,lO) 
WRITE (*,002) 

002 FORMAT(/lX,'Ya_sorteados de menor a mayor quedan asi:') 
WRITE (*,003) (R(I),I = 1,10) 

003 FORMAT(2(lx,5Fl3.3/)) 
STOP 
END 

e Subroutina BUBBLE lleva a cabo un sorteo tipo bubble sobre un vector 
e unidimensional de longitud arbitraria. Sortea al vector 
e en orden ascendente. '

SUBROUTINE BUBBLE(X,J) 
INTEGER J,Al,A2 
REAL X(J),TEMP 

100 IF (J .LE. 1) GOTO 101 
200 DO 201 Al = l,J-1 
300 DO 301 A2 = Al + l,J 
400 IF (X(Al) .LE. X(A2)) GOTO 401 

TEMP = X(Al) 
X(Al) = X(A2) 

- X(A2) = TEMP 
401 eONTINUE 
301 eoNTINUE 
201 -eoNTINUE 
101 eONTINUE 

RETURN 
END 
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Análisis de Optimización. 
Hundimiento del Terreno. 
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Elaboró: F. Meixueiro. 
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CURSO INTERACIONAL DE CONTAMINACION DE ACUIFEROS 
MODULO 111: Modelos Matemáticos en Ceohidrología. 

Tema: SURFER. 

1.· Introducción. 

El programa SURFER, versión 3.0, generado por Golden Software, lnc. se 
presenta en éste módulo como una herramienta indispensable para la ingeniería, 
por su capacidad de convertir una matriz de vectores de posición tridimensional, 
en un mapa de contorno o en una representacion de superficie tridimensional, 
para su almacenamiento en disco, para su presentación o para una impresión en 
dispositivo externo. 

El programa SURFER viene eQuipado con una serie de herramientas, 
accesorios, tipos de letra, utilerías y un programa de acceso a los s programas Que 
conforman el núcleo principal del SURFER. 

Tales programas son: 

al Utilerías: 

AL TERSYM.EXE Programa de modificación de los juegos de símbolos <Symbol 
seo. 

CONVERT.EXE convierte archivos .PLT de versiones anteriores a la 2.0 
GRAFIT.EXE Generador de gráficos por medio de una hoja electrónica de 

gran simplicidad para salida en formato .PL T. 
GRIDCONV.EXE Convierte mallas <gridsl del Microsoft Basic al formato IEEE. 
INSTALL.EXE Programa de configuración de dispositivos externos. 
SLICE.EXE Programa Que genera, una vez proporcionada una superficie 

producida por el programa GRID y una linea de frontera 
!formato .BLNl, las elevaciones en las intersecciones de la malla 
<gridl con la línea de frontera !boundary linel. 

VOLUME.EXE Programa Que evalúa volúmenes por medio de dos 
procedimientos de cálculo integral <regla del trapezoide y regla . 
de Simpsom. 



bl Programas-Núcleo: 

SURFER.EXE Sistema de acceso por medio de menús para accesar los 
múltiples programas y utilerías del SURFER. 

GRID.EXE Crea una malla regularmente espaciada a partir de datos 
irregularmente espaciados o por medio de una función definida 
por el usuario. 

TOPO.EXE crea mapas de contorno a partir de archivos de malla generados 
por GRID. 

SURF.EXE Crea trazos de superficie tridimensional a partir de un archivo 
de malla generado por GRID. 

VIEW.EXE Muestra un archivo de impresión <plotl generado a partir de 
TOPO o SURF. El diagrama puede ser modificado 
dimensional mente <pan y zooml. 

PLOT.EXE Programa que manda a impresión un archivo generado por 
TOPO o SURF. También puede configurarse para mandar la 
impresión a un archivo . 

. . . 
2.· Programa CRID. 

- -- -

2.1.· ceneralidades. 

como ya se mencionó anteriorment~ programa GRID genera archivos <en 
formato binario o asciil para ser leídos por porciones de código subsecuentes, con 
otras funciones colaterales.·· · 

El programa contiene opciones relativa a la creación de una malla a partir de 
una matriz de vectores de posición <asociados a un sistema rectangular de 
coordenadas), generada de manera irregular o a través de una función matemática. 

Por ejemplo, el programa GRID podrá procesar ternas de valores reales o 
enteros y asociarlos internamente con un vector de posición en un sistema 
coordenado rectangular xvz. De igual manera, podrá hacer uso de un sen~illo 
editor de ecuaciones de dos variables para generar las ternas de posición; así que 
podrá definir una función continua z = f!x,yl. 

usualmente el primer paso consiste en incorporar ternas al programa GRID. 
La opción Input aceptará datos tanto del teclado como de diferentes tipos de 
archivos de datos. Después de aceptados los datos, las otras opciones del menú 
consisten en controlar el proceso de generación de malla""'regularmente espaciada. 



2.2.· Métodos de ceneración de la Malla. 

El programa proporciona dos métodos diferentes de generación de una 
malla regularmente espaciada, el método del inverso de la distancia v el método 
Kriging. El método del inverso de la distancia es más rápido pero no representa los 
datos originales tan precisamente como el Kriging. 

El método del inverso de la distancia utiliza una técnica de promedio 
ponderado para interpolar los nodos de la malla a partir de los vectores de 
posición. Las influencias son inversamente proporcionales a las distancias a los 
nodos. Además, las influencias pueden elevarse a una potencia para incrementar 
el efecto de la función ponderadora. El inverso de la distancia al cuadrado es el 
método más común. 

. . 

El método del Kriging utiliza técnicas geoestadísticas para calcular la 
autocorrelación entre puntos v producir una mínima e imparcial variancia estimada. 
En teoría ningún otro método de generación de mallas puede producir estimados 
más precisos. En práctica, la efectividad del método del Kriging depende de la. 
correcta selección de varios parámetros. Tales parámetros son estimados por el 
GRID v pueden no ser exactos. Aún así, el Kriging produce mapas más precisos qué 
los generados a través del método del inverso de la distancia. 

2.3.· Métodos de Normalización de la Malla. 

El programa proporciona dos métodos de normalización o uniformización 
de las mallas generadas, el método matricial v el método de ajuste. 

El método de normalización matricial evalúa una matriz de normalización 
sobre la malla existente" para promediar aquellos puntos de la malla más cercanos 
a cada punto de la malla que va a normalizarse. La matriz se especifica por el 
número de columnas v de renglones a cada lado del punto de la malla a 
normalizarse, así como la influencia al punto central de la matriz. 

1 2 3 4 5 6 7 

1 + + + + + + + 

2 + X X X X X + 

3 + X X o X X + 
~· 

4 + X X ·x X X + 

5 + + + + + + + 

En el ejemplo anterior, los signos + representan los nodos de la malla, 
mientras que las x v las o representan a la matriz de normalización. La malla es de 
5 renglones por 7 columnas, mientras que la matriz de normalización es de 3 
renglones por 5 columnas. El nodo de la malla que está siendo normalizado está en 
el renglón 3 v la columna 4. · 



Cada nodo de la malla-baJo una x será ponde'rado por el valor de la matriz de 
normalización y promediado para obtener un nuevo valor para el nodo central de 
la malla. La·matriz cambiará por ello y el proceso se repetirá hasta que la malla 
entera se normalice. Nótese que las orilla de la malla no están definidas y quedarán 
sin cambio. 

Para una normalización ponderada no por la distancia, los nodos x tendrán 
una influencia de 1.0 y el nodo o se le asignará como el punto central de la 
influencia. En la normalización basada en la distancia, se le asignarán influencias a 
cada x basadas en el inverso de la distancia al centro, elevadas a la correspondiente 
potencia. 

En el método de ajuste, la normalización se basa en el ajuste a través de un 
polinomio de grado cúbico para interpolar nuevos valores entre nodos existentes 
de la malla. Esto incrementa la densidad de la malla permitiendo contornos y 
superficies más suaves. Los factores de expansión en x y en Y se refieren al número 
de puntos a insertar entre los nodos existentes en las direcciones x y Y 
respectivamente. Este tipo de normalización podría incrementar las bajas y altas de 
la malla original. · 

• • • 

• • • • • 

• • • • • . . . 
En el ejemplo anterior, los asteriscos representan la malla original de 3 por 

s. Los nodos representados por los puntos fueron interpolados usando una 
normalización por medio. de un ajuste a una curva polinomial cúbica. 1 puntos fué 
calculado entre cada nodo en la dirección x y 2 puntos fueron calculados entre 
cada nodo en la dirección Y, para arrojar una malla final de 7 renglones por 9 
columnas. 

3.- Programa TOPO. 

El programa TOPO es un generador de contornos que funciona por medio de 
menús. El trazo del contorno puede observarse en el monitor de la computadora, 
mandarse a impresión o mandarse a un archivo. Los parámetros de generación del 
mapa de contorno y -de impresión pueden controlarse en su totalidad por el 
usuario. 

Los datos de la malla deberán estar en el formato utilizado por el programa 
GRID, el cual está en formato ascil o en binario. El acceso al programa TOPO podrá 
ser desde la línea de comandos del DOS o desde el menú del SURFER . 

. ~,. . 
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4.· Programa SURF. 

Este programa es un programa interactivo, controlado por menús que 
produce representaciones de superficies tridimensionales para su salida a la 
pantalla, impresora, plotter o archivo. La entrada para éste programa está 
conformada por los archivos de extensión .GRD generados por el GRID en base a 
datos proporcionados por el usuario. 

A semejanza del TOPO, el SURF contiene una gran cantidad de opciones 
alternas, como ejes, cólores, títulos, complementación con otros gráficos, opciones 
de control de generado de superficies y muchas. otras opciones. 

5.· Programa VIEW. 

El programa VIEW es un subprograma que ·le permite observar detalles del 
gráfico generado !mediante sencillos ·comandos de "zoom" y. "pan"l, así como 
permitir la generación por pasos. Esto és, observar mediante control del usuario, 
la generación de las líneas que componen.el trazo. 

Este programa acepta archivos de extensión .PLT y no genera nada. 

5.· Programa PLOT. 

Este subprograma genera salidas a impresora, plotter o archivo previo 
procedimiento de "optimización", convirtiendo el archivo de salida .PLT generado 
por TOPO o SURF en un archivo .OPT, preparado para la impresora o dispositivo 
especificado en la configuración del programa PLOT. 

Dentro del programa PLOT se pueden controlar varios parámetros, tales 
como factores de escala, posición del gráfico dentro de la página, el formato del 
archivo, el número de dígitos de exactitud del trazado, etc. 
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APENDICES. 

Apéndice 1.· Tipos de Archivos que Maneja el SURFER. 

El SURFER trabaja con una serie de archivos, formateados para una función 
específica; tales archivos son diferenciados internamente mediante una extensión 
característica. En la tabla siguiente se muestran tales extensiones con una breve 
descripción de los archivos, así como su génesis y utilización. 

Extensión uso 
.PLT Archivos de trazo (plotl de cualquier índole, bien generados por 

TOPO como por SURF. son leídos por PLOT o dentro de las utilerías 
de impresión de TOPO o de SURF (que no son sino llamadas a PLOn, 
para ser procesados. 

.OPT Archivos de optimización para impresión. son procesados por PLOT 
y listos para su envío a los dispositivos generadores de impresión. 

.SYM Archivo que contiene un juego de caracteres en un determinado 
tipo de letra. Pueden crearse y editarse mediante utilerías. 

.BLN Archivo que contiene las denominadas "líneas de frontera", que 
pueden ser en código ascii y que representan un polígono 
bidimensional que se implanbi'en ún mápa de contorno o en la 
generación de una superficie. Puede generarse externamente al 
SURFER. 

.DAT Archivo que contiene datos (vectores de posición, localización de 
puntos, datos para un contorno o vértices de un.polígonol; puede 
estar en ascii o en binario: Este tipo de archivos son leídos por GRID, 
SURF y TOPO. . 

.GRD Archivos que contienen (en ascii o en binario! la malla regularmente 
espaciada que será leída por TOPO o por SURF y que es generada 
únicamente por el GRID. 

Apéndice 2.- Menús de Ayuda. 

Todos los programas del SURFER (programas-núcleo! contienen un menú de 
ayuda (tecleando F1l, así como una ayuda sensitiva al contexto. 

A pesar de que el programa se encuentra en una versión bastante primitiva, 
las ayudas se presentan medianamente inteligibles, para el usuario latinoamericano 
con conocimiento regular del inglés técnico. 



Apéndice 3.· Requerimientos para el SURFER. 

El SURFER puede copiarse íntegramente en un disco de 3.5 pulg. de alta 
densidad (1.44 Mbl y ejecutarse en la unidad de disco flexible de cualquier 
computadora serie 286 y posterior sin ninguna dificultad. Tal computadora de 
preferencia deberá contar con 1.0Mb o más de memoria RAM. 

Probablemente no tendrá usted problemas para desplegar sus diagramas en 
el monitor, puesto que entre las versiones de configuración que el SURFER 
presenta, se contempla un driver automático de detección de modo de video, así 
como los drivers típicos para los modos CGA, EGA y VGA, así como para los modos 
Hércules y Olivetti. 

Esta versión no soporta (que lástimal, mouses ni tabletas digitalizadoras. 

De igual manera, en el programa INSTALL de esta versión, se contemplan 84 
impresoras y plotters de las más variadas marcas, incluyendo las impresoras Epson, 
Okidata, star, Hewlett Packard, tanto de matriz como láser, aurique de manera 
bastante general. Así mismo, se presentan opciones para puertos de salida, serial 
o paralelo, la velocidad de transmisión para el puerto serial y la elección de plumas ·-
para los plotters. - -· 

·'.ll"• 
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The SURFER Access system provides an easy, menu-driven way to access the su~.¿R 
programs and utilities. Options may be selected by moving the highlighted · 
pointer with the arrow keys to the selection you want and theri pressing the 
Enter key. Options may also be selected by typing the first letter of the 
option name. Here is a summary of the current options: 

GRID 

TOPO 
SURF 
VIEW 

PLOT 

Creates a regularly spaced grid of data from irregularly 
spaced data or a user specified function. 
Creates contour maps from a grid created with GRID. 
Creates surface plots from a grid created with GRID: 
Views a plot created with TOPO or SURF on the screen. Plots 
may be panned and zoomed. 
Sends a plot created with TOPO or SURF to a hardcopy device. 
To install a new device enter /I at the filespec prompt. 

To obtain more help select the desired option, and ·then use the Fl key. This 
access system requires approximately lOK of memory. If insufficient memory 
messages occur, the above options may be run directly from DOS to save the lOK. 
Press any key to continue ... 

Fl=Help Esc=Backup Arrows keys move pointer 
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Random Menu 

The Random menu contains all options related to creating a grid from random or 
irregularly spaced XYZ data. Each data point consists of 3 values: an X, Y, and 
Z coordinate. See the GRID.manual for examples of randomly spaced data. 

Usually the first step.is to get the XYZ data into GRID. The Input option 
will accept data from the keyboard or from several different types of data 
files. After the data is entered, the other options in the Random menu are 
used to control the gridding process. 

Output assigns a name to the output grid file. Duplicate tells GRID how to 
handle points with identical XY coordinates. GridSize specifies the size or 
density cif the final grid. In general, the dens_er the grid, the smoother and 
more detailed the final plots will be. Method allows the user to specify the 
gridding method to use. Se e the GRID manual for a dis.cussion of the meri ts of 
the various gridding techniques. Search will set the parameters used to 
search for data points during the gridding process. Limits specifies·~he 
coordinates of the edge of the grid. Begin is used to begin creating the 
grid after all the above parameters have been set to their desired values. 

··-

. ' 
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Method Menu 

There are cu~rently two different gridding methods available; Inverse distance 
an~ Kriging. Inverse distance is faster but does not represent the original 
data as accurately as Kriging. 

Inverse distance uses a weighted averaging technique to interpolate grid nodes 
from the XYZ data. The weights are inversely proportional te the distance te 
the grid nade. Data points further away from a given grid node will have less 
influence. In addition, the weights may be raised te a power te increase the 
effect of the weighting function. Inverse distance squared is the most common 
weighting power. 

Kriging uses geostatistical techniques te calculate the autocorrelation 
between data points and produce a minimum variance unbiased estimate. In 
theory, no other gridding method can produce more accurate estimates. In 
practice, the effectiveness of kriging depends upon proper selection of various 
parameters. These parameters are estimated by GRID and may not be exact. Even 
so, Kriging produces much more accurate maps than Inverse Distance. See 
the GRID manual for more information about these methods. 
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Matrix Smoothing 

Matrix smoothing passes a smoothing matrix over an existing grid to average 
those grid points nearest each grid point to be smoothed. The matrix is 
specified by the number of columns and rows on either side of the grid point to 
be smoothed, and the weight of the center point of the matrix. 

1 2 3 4 5 6 
1 + + + + + + 
2 + X X X X X 

3 + X X o X X 

4 + X X X X X 

5 + + + + ++ 

be shifted and 
that the edges 

7 
+ 
+ 
+ 
+ 
+ 

In the example at left, + signs represent grid nades, while 
x's.and the o represent the smoothing matrix. The grid is 

· 5 rows by 7 columns, the smoothing matrix is 3 rows by 5 
columns. The grid nade currently being smoothed is row 3 
column 4. Each grid nade under an x will be _weighted ·by 
the value of the smoothing matrix and averaged in to obtain 
a new value for the center grid nade. The matrix will then 

the process repeated until the en tire grid is smoothed. No.tice 
of the grid are undefined and will be blanked. 

For non-distance weighted smoothing, the x nades will have a weight of 1.0 and 
the o nade will be assigned the center point weight. Distance weighted 
smoothing will assign weights to each x based on the inverse of the distance to 
the center raised to a specified power. 
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Spline Smoothing 

Spline smoothing fits a cubic spline to an existing grid to interpolate new 
values between existing grid nades. This increases the density of the grid 
allowing smoother contours and surfaces. The X and Y expansion factors refer te 

the number of points to insert between existing grid nades in the X and Y 
directions respectively. Spline smoothing may increase the highs and lows of 
the original grid. 

* * * 

* * * 

* * * 

* * 

* * 

* * 

In the example at right, the asterisks represent 
the original 3 by 5 grid, The nades represented 
by the dots were interpolated using cubic spline 
smoothing. 1 point was calculated between each nade 
in the X direction, and 2 points were calculated 
between each nade in the Y direction to give a 
final grid of 7 rows by 9 columns. 
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TOPO Menu 

TOPO is a menu-driven contouring program. 
the screen, output to a plot file, and/or 
and.plot parameters may be default values 

The contour plot may be viewed on 
sent to a hardcopy device. Contour 
or fully specified by the user. 

Gridded data, in the format used by the GRID program, is input from a data 
file in either ASCII or binary format. The fastest way to view a contour map 
on a graphics screen from DOS is to type the command 

TOPO filename 

and press function key F2. filename is any grid file produced by the GRID 
program, and may include an optional drive and path. If the extension is 
omitted, .GRD will be used. The contour plot will appear on the screen using 
default values for the contour and plot parameters. To modify the default 
values press Ese to return to the TOPO Menu. 
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Level 

The values of the contour lines may be changed by specifying the minimum, 
maximum, and interval values, or by specifying a data file containing the 
contour levels desired. The default values are chosen to give between 11 and 
21 contours. 

Minimurn contour 
Maximum contour 
Contour interval 

Level file 

The lowest contour level to apper on the map. 
The highest contour level to appear on the map. 
The interval or stepsize to use between the minimum and 
maximum contour levels. The total number of 1evels plotted 
will be int((Maximum- Minimum) 1 Interval). To omit all 
contour lines specify minimum and maximum contour levels 
that will exclude all Z values of the grid. 

The level file must be a valid DOS filespec consisting of an 
optional drive, optional path, filename, and optional 
extension. If the extension is omitted, .DAT is used. The 
level file is an ASCII data file with one contour level per 
line. There is a maximum of 200 levels if a level file is 
used. The levels do not need to be in any arder, and do not 
need to be evenly spaced. 
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SURF Menu 

SURF is an interactive, menu-driven graphics program that produces three 
dimensional surface representations for output to the screen, printer, or 
plotter. Gridded data, in the format used by the GRID program, is input from 
a data file in either ASCII or binary format. The fastest way to view a plot 
on a graphics screen from DOS is to type the command 

SURF filename 

and press function key F2. filename is any grid file produced by the GRID 
program, and may include an optional drive and path. If the extension is 
omitted, .GRD will be used. The surface plot will appear on the screen using 
default values for the contour and plot parameters. To modify the default 
values press Ese to return to the Main Menu. 
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View (Page 1 of 2) 

Projection Orthographic projection is better when-measurements are-to be 
taken off the surface. Parallel lines will remain parallel. The 
perspective projection creates a visual effect similar to that of 
the human eye. Parallel lines appear to converge at a distance 
similar to railroad tracks at the horizon. 

Rotation This is the number of degrees from the positive X axis. The 
surface appears to rotate clockwise, or equivalently, the viewer's 
eye appears to rotate counter-clockwise. o~looking west, 90~south, 
lBO~east, 270~north. 

Tilt Tilt specifies the angle, above or below the X-Y plane, from 
which the surface is to be viewed. The default of 30 degrees puts 
the viewer's eye 30 degrees above the plane_ 

<Select Next for more help on View> 

........ 



[Help System] Help Keys Menus Symbols CmdLine Viewing Format Prev Next 
How to use the HELP system _ 
p"~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 

Output 

.Create a plot file of the current surface plot. Optionally, send output toa 
printer or plotter vi~ the PLOT program. 

Name of plot file 

Scale factor 

Page position 

Plot file format 
File ·write mode 

Number of decimal 
- di'gits in ·file 
-s€mct· plot to. o 

inst.alled. device 

..!": __ -

. ' _; -~ 

··.:-· 

-..,.-~- --.. ---
=--- ... 

~ _-::~.......-:-,-. 
-~ •• .t...,._ .. - "- -. 
-·- : .• ~ 4'"''"'. 

-::- .. _::-...... :.::.. .. ::: ' .-.... 
-~ ~-- ·--

-- - ·-- - - ., - . - :_:.~:::. (-. _._ 

-- - .. - ::.\. ---

. --. 

-~ .. - - -_), 

Specify the optional drive, optional· path, filename, and· 
optional extension of the plot file to create. 
Scale factor for the entire plot. For example,_2.0 will 

··make the plot twi~e as big. _ -
Position of the·- entire plot in inches, from the bot tom left· 
cerner. May be used to offset multiple plots when appending. 
_ASCII may be read by any text editor .. · Binary is effici"ent_. 
Overwrite will cause the_plot to be-written over any:old 
information in the file (hence dest·roying it) .· Append·.w"ill 
write the_current plot at the end·of the ~pecified plot 
file.: If the plot file does no.t exist; a_ new ·one will be. 
created.- · · -
Accuracy in decim~l digits of va_lues .in the plot fil·e:: T\1is: 
.value _should ·reflect· the_. .resolution of the output device·. __ -
-Answer-Yes -t-ó call p:t;:ogram PLOT ·from within SURF, -'PLOT • . ·. _ _- ~ 
immediately ·,b-egins plotting ·an ·the itistalled printer- or ,_ ":---e 
·plotter·,· Be sure to ·_in-stall PLOT fi_rst-.~ _·: -~ · -""~~---- .-, 

'-·· 
: ~- -- -
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Symbol sets 

The following Symbol sets are available. The sets may ?e altered using the 
ALTERSYM program. 

DEFAULT.SYM 
SETl.SYM 
SET2.SYM 
SET3.SYM 
SET4.SYM 
SETS.SYM 
SET6.SYM 
SET7.SYM 
SETB.SYM 
SET9.SYM 

Built in to TOPO 
Same as default 
Simplex Greek 
Script 
Simplex Roman 
Duplex Greek 
Simplex Italic's 
Duplex Hershey 
Duplex Script 
Cyrillic · 

SETlO.SYM 
SETll.SYM 
SET12.SYM 
SET13 .SYM 
SET14.SYM 
SET15.SYM 
SET16.SYM 

CENTERED.SYM 

Triplex Roman 
Triplex Italics 
Old German 
Olde English 

.old Italian 
Special Symbols 
Special Symbols 
Centered Symbols 

. - ~:_• 

For math symbols, use SET15 and SET16. The DEFAULT symbol set contains both 
centered symbols; anda complete character set. Since this is built in to 
TOPO, it does not need to be loaded and will plot faster. If a plot file is 
to be created, CENTERED.SYM will be substituted for DEFAULT.SYM for the 
posting centered symbol set. 

'~ . 



SLICE Documentation: 

nESCRIPTION 

-~ven a surface (represented by a .GRD file produced by the GRID program) 
anda "boundary line", such as may be found in a .BLN boundary file· used by 

. GRID, TOPO or SURF, SLICE will produce the elevation at each grid-line 
crossing by the boundary line. If the liné extends outside of the grid 
area, it may be clipped. · 

The user may select output files in two formats: 

1 . ) BOUNDARY ( . BLN) FILE OUTPUT 

The .BLN file produced by SLICE is similar to the .BLN format used 
by GRID, TOPO and SURF. The .. BLN file is used by SURF to plot," for 
example, a highway on a surfai::e plot. When SLICE genera tes a .. BLN 
file, the first two columns have the X and Y's where the 'slice' 
intersected a grid line. _A third column has.the Z elevation at each of. 
the XY coordinates. The third column is not intended for a specifi·c 
purpose. 

.The _.DAT file producedby SLICE is.used by."GRAPHER to" j:Jlot .ttie 
z elevation of the boundar.y line on.aa XY type graph: The 
.DAT file's first three.columns are the same--as the .BLN file. A 

_fourth column is the (accumulated)' distance meá.sured (horizonta1ly). 
from the. beginning of the boundary. 1 in e; It ·-does not · take elevation 
cha·nge into account. This distancé is accumulated even if the line· 

' >--

·. 

-- _:-; -

":: 

. : ''" 

- - - _ ... 

- ·Jeaves · the grid region· and is ·clipped. ~- The· distance starts ove.r at'. . . ·:.::::;. 
- zero for ea_ch new input bound·ary line·.· Use the -fourth .column in plotting ·. , 

:····~le~va.tion against traversed- distahce' A f if_th column is t_he number ,·,. 
· - . o"f the input· bo:undary, startj.ng at 1 :- . Use: th_E!". fifth column to· identify~ ._ 
'_; the start of _a. new boqr1dary. · Alternative.),.y, -at .the ·st~ri:·o~_~_s!ach new. -~-·- .;~·~;.: 

-boundary line aft~r.· the first, the .. use·r· i"s~gi ven· .the- choice j:lf:·c:specifyingc:;.·----~,,-
a_new .DAT file. , _. :> ~.. - -~~-~-~~-:;- ··: ~.,--:~~ ·· .--- _ _ ·-.:_-. ::. :.:.;¿_-::_5-

. -TWb ~l_fp _opü~ñs_.are allowed: _:::;._~-:>> --.. _,:_:-~ · · - - .. • · .. · ... ~?2"~~ 
•.,.-- .. _____ -~._-• _-.• - ··~~-T., 

1°.-l · The first option asks: · .-:.. ,· ·_. ·· --·: ~- .. . -.-- - -.~~-~:.;.~,~-- . - • :<~~-;~ 
--- -- - - . - -. __ .. _--::;·- ~--.-- -----.-- -_-,·-··::~":' .. 

· . -]:¡:;séi-~ _clipping':y~l¿~'; ~h~;-~ve'i oou~dary- li¡:;~ ~xits rég~~nT--.-: ~:~;: _·~ :-.:----~,;;_.,~ --~:~ 
.. : -:· ._---. --. _.'" ~ ·~ . -- =- - ~ ----~ -- -··:;;- -:-·~-~"~ ........ _-._ -1";-¿_~_ 

• - - - - - ~ •• • • • - - -. ¡;_ ~ --~- - • - ~-~ • - -~. -:- ~- ---= . 
Answer Y es ·to.- a·llow GRAPHER to_::.leave- gaps .. ~n thec XY graph_·whenever ···--. . ... · ····~ 

-- · the- boundacy line, le aves· the. -~dge of the grid:, · Wher1 the boundary 1 ine, . · ··· .:·:4·:·' 
. ··lea ves· tne. grid,'.· a -valué. ·is inserted· into. the. thiré:l. cólumn of· the-... DAT·. file · _··,.:; 

- · · which· is less than the minimum-··z váiue · for the· €mt'ire grid. · ·.If GRA~HER' s.:. ~: :-: 
· data_- is- el ipped, then the plo-~··,will show_- ·gaps wheñever.-the bouñd.ary:_ ·· c-·:: 

- · line i ea ves' the grid: ... . · _ ;_ · · -- · -- · ··: ~:~~·., 
f"::. ·~·. ~ • 

----~_- <::"-· .~ 

.... _ ._._ . 

. ·. us_e i::lippin!:i val u e over ·-blanke(,!_· areás ?.-
' -' -~ 

·~illswer Yes .to allow GRAPHER· to leave gaps in- the X_Y graph line ·whenever~--- _· . :':,. -:: 
. · the boundary·. 1 ine · ente_:r;s a grid area that ·has. been. b~anked.. If No . .:,_.:~:-----,~ '<:·:; 

· _·.is. answered;_ then those·.values ·will be omitted ·from the:·.DAT rile... . ~- - , ,:; 
.. _ .. 

-~;:-
..,_ . ----

. _._; .. .: .. :' --

_-. :.- .,. -.. _.___:... 
~- .:.-----·- -~---

__ ---.--. "é~-- ----, =--· 

.-:: ," 



Tópicos Relacionados con la EValuación de volúmenes. 

1.· Cálculo de integrales. 

Aunque la existencia de la integral de una función continua se asegura 
fácilmente por medio de la aplicación de los teoremas fundamentales del cálculo, 
la evaluación o "cuadratura" de dicha integral no puede realizarse mediante 
funciones elementales. salvo en casoso relativamente raros. Deberán desarrollarse. 
por consiguiente, métodos de integración numérica y también de estimación de 
la exaCtitud de tales aproximaciones numéricas. 

Para calcular en forma aproximada la integral 
b 

J= J f(x) dx 
a 

con a< b, se subdivide el intervalo a,;:; x,;; b en n partes iguales. cada una de longitud 
h = <b-altn, mediante los n + 1 puntos 

xv=a+vh, nh=b-a, v=Ó,l, ... · ........ :·: .• n . 

. Entonces, 

: .. - . 

donde 

Jv = J f(x) dx 
x,..., 

El problema de calcular la integral J queda reducido al de obtener buenas 
aproximaciones para las áreas J. de anchura h en las cuales se ha dividido el área 
total representada por J. 

·· .... 



... _ 

··-~. 

1.1.· Aproximación mediante rectángulos 

La aproximación más directa, sugerida por la definición original de la integral, 
conduce a la relación 

donde por brevedad, se ha hecho 

fv = f(x) 

1.2.· Aproximaciones refinadas· Regla de Simpson. 

una mejor aproximación se obtiene casi sin esfuerzo adicional si las áreas Jv 
se aproximan, no mediante franjas rectangulares, sino mediante trapezoides 
angostos. La fórmula de aproximación !fórmula del trapezoide) es entonces 

1 1 . 1 
J:: -h(f0+f1 ) + -h(f1 +f2 ) + •••••• • +-

2
h(fn_1 +fn) 

2 . 2 

pues cada valor de la función, excepto el primero y el último, aparece dos veces . 
. ~·-· . 

• · Finalmente, se menciona la famosa aproximación de Simpson, la cual, con 
poco mayor trabajo conduce a una aproximación mucho más precisa si la cuarta 
derivada de f existe y es uniformemente acotada en el intervalo dado. 

La fórmula de Simpson para n = 2m es 

Tomado de: 

R. courant -""-F. John. 
"Introducción al Cálculo y al Análisis Matemático", Vol. 1. 
Cap. 6, Métodos Numéricos. pp. 501·505. 
Ed. Limusa, México, 1971, 1• Ed. 

. . 
. e 



IFACUL TAD DE iNGEN!IERIA U.N.A.M. 
DIVIS!ON DE EDUCACION CONTINUA 

VIII CURSO INTERNACIONAL DE CONTAMINACION DE 
ACUIFEROS 

MODULO III: MODELOS MATEMATICOS EN 
GEOHIDROLOGIA Y CONT AMINACION DE ACUIFEROS 

l 

TEMA: MANUAL DEL USUARIO PARA EL PROGRAMA DE 
SOLUCION DIRÉCTA E INvERSA EN LOS. SONDEOS 

. . ELECTRICOS VERTICALES (S E V),·.}.~: 
•;e • ">1 

_,, .. 
'""•"' .- _,.-·. 

- e• • • 

' , .:, ~ 1 ·,. : ··. 

• 

EXPOSITOR: ING. ALFONSO ALVAREZ MANILLA 
1996 

• 

Palacio de Mincria Calle de Tacuba 5 Primer p1so Del~ Cuauhtémoc 06000 Méx1co, D.F APDO Postal M-2285 
Tclclonos• 512-8955 512·5121 521-7335 521·1987 F" 510·0573 521-4020 AL 26 



1. INTRODUCCION: 

Para la solución en la interpretación de las curvas de· resistividad aparente en los 
sondeos eléctricos verticales (SEV) se ofrecen dos opciones: "directa" e "inversa". 

La solución directa calcula la curva de resistividad aparente de un corte geoeléctrico 
teórico, mientras que la solución inversa encuentra el corte geoeléctrico de la curva de 
resistividad aparente obtenida en campo. 

" 

La solución directa es por medio de la teoría del filtrado lineal desarrollada por Ghosh, 
1971. El programa inversa aplica el algoritmo de Marquart, 1963 para iniciar la 
obtención del modelo, lo modifica mediante iteraciones hasta que produce el mejor 
ajuste entre las curvas de campo y teóricas. 

Los programas fueron modificados del artículo técnico de Philip A Davis de la 
Minnesota Geological Survey por J. Cuauhtémoc Orendain M y Alfonso Alvarez Manilla 
A (1978). 

El modelo se basa en un semiespacio dividido en un total de Ei capas horizontales, 
electricamente homog$neas .e isotrópicas y de extensión infinita (figura 1 ), los 
parámetros incluyen a la resistividad (Ri) y espesores (Hi-1) de cada capa. 

Los errores producidos pueden ser todavía disminuías con un proceso de 
retroalimentación; la interpretación con el programa inversa no manipula los 
problemas de equivalencia y supresión, los cuales deben ser observados por 
separado. 

2. DESCRIPCION DE LOS PROGRAMAS 

El programa en el disco, presenta cuatró archivos principales: 

RES_APRT.EXE que es el que contiene los ejecutables de los subprogramas 
CAPTURA, INVERSE Y RESIST. 

FIL TR01 y FILTRO 2 contiene los filtros de Ghosh, los cuales pueden ser cambiados 
por los de Oneil, u otros. 

N087.BAT es un subprograma para simular la existencia de coprocesador matemátiéo 
en caso de que no tenga el propio la máquina donde opere. 



2.1 INICIO (RESIST) 

'Con el programa en la unidad de disco correspondiente, se teclea: 

N087 RETURN 

y se visualiza el MENU PRINCIPAL con las opcionesde: 

1. CAPTURA 
2. RESIST 
3. INVERSE 
4. FIN DE CAPTURA 

PROGRAMA SELECCIONADO:_ 

primero es necesario capturar los datos, por le que se teclea ( 1 ) RETURN 

observando PROGRAMA CAPTURA con las opciones de: 

.. 1. RESIST 
2. INVERSE 
O. FIN DE PROGRAMA 

PROGRAMA SELECCIONADO_ 
.. , .... 

,.,., 

2.1 a si se tiene la interpretación o presunción de un corte geoeléctrico determinado se 
oprime ( 1 ) RETURN 

donde la pantalla muestra DATOS PARA EL PROGRAMA RESIST 

NOMBRE DEL ARCHIVO DONDE SE ALMACENAN LOS DATOS:_ 

se teclea el nombre del archivo dónde son guardados los datos, por ejemplo 

DUAQ RETURN 

aparece DATOS PARA EL PROGRAMA RESIST 

TIPO DE ARREGLO: 1. SCHLUMBERGER 
2. WENNER 
3. BIPOLO-BIPOLO 
O. FIN DE CAPTURA 

NUMERO DEl ARREGLO DESEA~: 

se teclea el número al arreglo electródico correspondiente: 



( 1 ) RETURN 

ESPACIAMIENTO (AGREGAR PUNTO DECIMAL): 

El espaciamiento de AB/2 con el que se desea iniciar, asumiendo que fuera 
1. RETURN 

NUMERO DE CAPAS (ENTERO SIN PUNTO DECIMAL) 3 RETURN 

NUMERO DE LECTURAS (ENTERO SIN PUNTO DECIMAL) 
el número de lecturas corresponde a los espaciamientos generados 
por la regla de correspondencia A= Ai1 O**(k/6) con O= k =M 
donde Ai es el espaciamiento inicial, k un entero y ~ el total de 
espaciamientos deseados 10 RETURN 

aparece ahora ==AGREGAR PUNTO DECIMAL A LOS SIGUIENTES VALORES== 

ESPESOR (1) =_ 
ESPESOR (2)= _ 

RESISTIVIDAD (1 )= _ 
RESISTIVIDAD (2)= _ 
RESISTIVIDAD (3)= _ 

1. RETURN 
10. RETURN 

1. RETURN •. 
10. RETURN 
0.1 RETURN · 

;, ~,. 

pregunta en la pantalla: ESTAN BIEN TUS DATOS? (S/N):_ 

Si fue cometido algún error en la captura de cualquier dato debe teclearse N, 
exclusivamente este SEV no será codificado; caso contrario oprimir S RETURN . 

aparece: . DATOS PARA EL PROGRAMA RESIST 

TIPO DE ARREGLO: 1. SCHLUMBERGER 
2. WENNER 
3. BIPOLO-BIPOLO 
O. FIN DE CAPTURA 

NUMERO DEL ARREGLO DESEADO:_ 

como la captura de datos para el programa Resist ha.Cóncluido, se tecla O RETURN 

pregunta si QUIERES OTROS DATOS (S/N)_ 

si se desea conocer las curvas de resistividad. aparente de otros cortes, deberá 
continuar con la secuencia inicial oprimiendo S RETURN, caso contrario N RETURN 

aparece el MENU PRINCIPAL . 

. .. 
) 



OPCIONES DE PROGRAMAS 

1. CAPTURA 
2. RESIST 
3. INVERSE 
O. FIN DE PROGRAMA 

PROGRAMA SELECCIONADO:_ 

como los datos capturados son del programa Resist, el número seleccionado debe ser 
el 2 RETURN. 

PROGRAMA RESIST 

ARCHIVO DE DATOS: teclear DUAQ RETURN 

ARCHIVO DE REPORTE: teclear un nombre diferente a DUAQ; RUAQ RETURN 

aparece FAVOR DE ESPERAR UNOS MOMENTOS .... · 
al ser concluido el proceso, el MENU PRINCIPAL es mostrado en la pantalla 

debiendo teclear O RETURN 

Para observar los datos en la pantalla, teclear 
. ~· . 

. TYPE RUAQ RETURN. y detener con la tecla de PAUSA 

para impresión de los datos teclear 

TYPE RUAQ>LPT1: 

_ ... 





..... -· 

2.2 INICIO (INVERSE) 

El modelo de inversión contiene errores significativos al no considerar el principio de 
equivalencia y supresión de capas, lo cual hace a la "resolución única" imposible de 
existir. · 

La solución de la inversión no representa el modelo geológico real, lo que debe ser 
calibrado con los conocimientos de geología. 

El método de inversión fue originalmente desarrollado por Merrick en 1977, se han 
hecho algunas modificaciones para incrementar la flexibilidad propia del programa. 

Con el programa en la unidad de disco correspondiente, se teclea: 

N087 RETURN 

y se visualiza el MENU PRINCIPAL con las opciones de: 

1. CAPTURA 
2. RESIST. 
3. INVERSE 

. 4. FIN DE CAPTURA 

PROGRAMA SELECCIONADO:_ 

primero es necesario capturar los datos, por le que se teclea 1 ) RETURN 

observando PROGRAMA CAPTURA con las opciones de: 

1. RESIST .. 
2. INVERSE 
O. FIN DE PROGRAMA 

PROGRAMA SELECCIONADO_ 

2.2a si se tiene la interpretación o presunción de un corte geoeléctrico determinado se 
oprime ( 2 ) RETURN .. 

donde la pantalla muestra DATOS PARA EL PROGRAMA INVERSE 

NOMBRE DEL ARCHIVO DONDE SE ALMACENAN LOS DATOS:_ 

se teclea el nombre del archivo dónde son guardados los datos, por ejemplo 

DAUAQ RETURN 
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.. 
aparece DATOS PARA EL PROGRAMA INVERSE 

TIPO DE ARREGLO: 1. SCHLUMBERGER 
2. WENNER 
3. BIPOLO-BIPOLO 
O. FIN DE CAPTURA 

NUMERO DEL ARREGLO DESEADO: 

se teclea el número al arreglo electródico correspondiente: 
( 1 ) RETURN 

.. ·; 

ESPACIAMIENTO (NUMERO REAL, AGREGAR PUNTO DECIMAL): 

El espaciamiento de AB/2 con el que se desea iniciar, asumiendo que fuera 
1. RETURN 

NUMERO DE CAPAS (ENTERO SIN PUNTO DECIMAL) 3 RETURN 

NUMERO DE LECTURAS (ENTERO SIN PUNTO DECIMAL) 
el número de lecturas corresponde a los espaciamientos generados 
por la regla de correspondencia A= Ai10**(k/6) con O= k =M 
donde Ai es el espaciamiento inicial, k un entero y M el total de 
espaciamientos deseados ". · 10 RETURN 

NUMERO DE PARAMETROS FIJOS (NUMERO ENTERO): 
Si. se tienen conocimiento de algún estrato, sus valores de espesor 
y resistividad quedan fijados y el programa no tos manipula; información 
adicional es pedida subsecuentemente. Si no se tienen datos teclear O RETURN 

PORCENTAJE DE ERROR (NUMERO REAL): 
Es el error en la aproximación numérica deseado 

TIPO DE LECTURAS 

1. SI LAS LECTURAS SON LOGARITMICAS 
2. DE OTRO MODO 

si las lecturas están tomadas en función a la regla de 
correspondencia A= Ai10**(k/6) con O= k =M son 
logarítmicas y se debe teclear 1 RETURN, caso 
contrario en la pantalla aparecerán preguntas acerca 
del espaciamiento y resistividad aparente para cada 
estación de medida, en esta última opción debe ser 
tecleado el número 2RETURN 

1. RETURN 

1 RETURN 

.. -

.~ .· 

;. 

- .. _.,. __ 
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aparece === TECLEAR SOLO NUMEROS CON PUNTO DECIMAL 

RESISTIVIDAD APARENTE No 1: 
los datos de resistividad aparente correspondientes a los 

diez espaciamientos y lecturas son introducidos, aparece 
al final 

PARAMETROS DE LA CAPAS (TOTAL 5) 

ESPESOR ( 1 )= 
ESPESOR ( 2 )= 

RESISTIVIDAD (1)= 
RESISTIVIDAD (2)= 
RESISTIVIDAD (3)= 

pregunta en la pantalla: ESTAN BIEN TUS DATOS? (S/N):_ 

Si fue cometido aigún error en la captura de cualquier dato debe teclearse N, 
exclusivamente este SEV no será codificado; caso contrario oprimir S RETURN . 

aparece: DATOS PARA EL PROGRAMA RESIST 

TIPO DE ARREGLO: 1. SCHLUMBERGER 
2. WENNER 
3. BIPOLO-BIPOLO 
b. FIN DE CAPTURA 

NUMERO DEL ARREGLO DESEADO:_ 

como la captura de datos para el programa Resist ha concluido, se tecla O RETURN 

'pregunta si QUIERES OTROS DATOS (S/N)_ 

si se desea conocer ias curvas de ·resistividad aparente. de otros cortes, deberá 
continuar con la secuencia iriicial oprimiendo S.RETURN, caso contrario N RETURN 
aparece el MENU PRINCIPAL 

OPCIONES DE PROGRAMAS 

1. CAPTURA 
2. RESIST 
3. INVERSE 
O. FIN DE PROGRAMA 

PROGRAMA SELECCidNADO:_ 



····-

como los datos capturados son del programa lnverse, el número seleccionado debe 
ser el 3 RETURN 

ARCHIVO DE DATOS: teclear DAUAQ RETURN 

ARCHIVO DE REPORTE: teclear un nombre diferente a DAUAQ; 
REUAQ RETURN 

aparece FAVOR DE ESPERAR UNOS MOMENTOS 

al ser concluido el proceso, el MENU PRINCIPAL es mostrado en la pantalla 

debiendo teclear O RETURN 

Para observar los datos en la pantalla, teclear 

TYPE REUAQ RETURN y detener con la tecla de PAUSA 

para impresión de los datos teclear 

TYPE REUAQ>LPT1: 

BIBLIOGRAFIA 

Davis, P.A., 1979, Development and aplications of resistivity sounding inversion for 
severa! field arrays: M.S. thesis, University of Minnesota, Minneapolis. 

Ghosh, D., 1971, Application of linear filler theory to the direct interpreta! ion of 
geoelectrical resistivity sounding measurements: Geophysical Prospecting, v.19. 

Ghosh, o:, 1971, Inversa filler coefficients for computation of apparent resistivity 
standar curves for horizontally layered earth. Geophysical PrQspecting, v.19. .. . 
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1. O GENERALIDADES 

La reducción de datos geoeléctricos es de suma importancia, de ellos es obtenida la 
curva de resistividad aparente de donde· será interpretado el. corte geoeléctrico; de 
acuerdo a la distribución del potencial, las anomalías detectadas con los sondeos 
eléctricos verticales (SEV) con cualquiera de sus arreglos electródicos -Schlumberger, 
Wenner, Bipolo-Bipolo- no ubican correctamente en el subsuelo a los eventos 
geológicos que las producen ocasionando " pifias ". ··· 

En el programa que fue desarrollado por J. Cuauhtémoc Orendain Munguía con 
algoritmo de A.A. Manilla (1983), se presenta la reducción de datos de geoelectricidad 
basado en el artículo de G. Hernándei Moedano (1983) de nombre: CALCULO DE LA 
RESISTIVIDAD MEDIA. PARTIENDO DE LAS MEDICIONES DE CAMPO DE 
SONDEOS ELECTRICOS VERTICALES PARA INTERPRETACION GEOLOGICA 
CUALITATIVA CERCANA A LA REAL, en el es descompuesta la resistividad aparente 
de un volumen de masa en· sus componentes: serie, paralelo y media cuadrática, 
obieniendo de igual manera los valores de anisotropía y profundidad real de 
investigación. 

El programa está compuesto de cuatro archivos, dos corresponden al sistema 
operativo y son: 

COMMAND.COM 
GWBASIC.EXE 

en tanto que los programas que se refieren a la reducción de datos son: 

SCHLUMB.BAS 
DIPDIP.BAS 

El primero reduce los datos del arreglo electródico Schlumberger y el segundo al 
arreglo Bipoto.Bipolo. Con la misma secuencia y de manera amistosa en la 
comunicación entre la computadora y usuario. 

· · 2.0 USO DEL PROGRAMA 

Con el programa en la unidad de disco correspondiente, se teclea 

GWBASIC RETURN 

la pantalla mostrada es típica de basic, se oprime la tecla F3, y pide el nombre del 
programa a cargar 

., 



LOAD" SCHLUMB RETURN 

. aparece 

OK, · la tecla F2 debe ser oprimida y el programa ha dado inicio mostrando 
la pantalla de presentación y segundos después da inicio a: 

CALCULO DE RESISTIVIDADES APARENTES 

VALOR DE LA CORRIENTE:_ 

el valor de la .. ~:orriente del transmisor debe ser introducida y ser consistente con la 
unidades del receptor, esto es: voltios~amperios, milivoltios-amperios, etc .... 

10 RETURN 

pide 

VALOR DE 'A':_ 

que es la distancia entre los electrodos de potenci"al MN, 

5 RETURN 

·pide inmediatament~. los valores de las L's o espaciamientos de AB/2 referentes a las 
estaciones de medida hechas en campo y los valores del voltaje. 

LECTURA L's 

10 RETURN 
21 RETURN 
32 RETURN 
46 RETURN 

DV/1 

10 RETURN. 
2 RETURN 
0.8 RETURN 
0.2 RETURN 

1 
2 
3 
4 
5 si no se tie.rien mas datos debe ser tecleado RETURN apareciendo 

REPORTE EN PANTALLA O IMPRESORA (P/1)_ 

si se desea visualizar exclusivamente los datos debe ser tecleado una P, si es imprimir 
solo se oprime 1 seguido ae un RETURN. 

En la presentación de datos aparece 

1 ,' . ' 



A= S 

L 
K 
DV 
RHOA 
RMCN 
RSN 
RPN 
AAN 
IRR 

que es la distancia entre los electrodos de potencial MN 

Espaciamiento electródico AB/2 
Factor geométrico 
Diferencia de potencial observada en M, N 
Resistividad aparente · 
Resistividad media cuadratica natural 
Resistividad serie natural 
Resistividad paralelo natural 
Coeficiente de anisoiropía · 
Intervalo y profundidad real investigada · 

QUIERES OTROS CALCULOS (S/N) 

en el caso de no tener mas datos que procesar oprimir N, situación contraria volver a 
empezar. 

Para el ArreglO Bipolo-Bipolo, que aparece en la figura 1 b, n corresponden a las 
distancias x que separa al dipolo de potencial del de corriente, x es..la distancia entre 
Jos electrodos de potencial y los de corriente, son siempre números enteros. 

BIBLIOGRAFIA 

Barnes Layer Method Technical Memo No. 6 lnstruction for use whit Bison Earth 
Resistivity Meter, · 

O rellana E., Prospección Geoeléctrica en corriente continua, 1972. 

Hernández Moedano G:, 1983:. Calculo de la Resistividad Media partiendo de las 
mediciones de ·campo ·de sondeos eléctricos verticales para una interpretación 
geológica cualitativa cercana a la real. XV Aniversario de la Creación de la Carrera de 
Ingeniero Geofísico, Palacio de Minería de la UNAM. 
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A= S 

L 
K 
DV 
RHOA 
RMCN 
RSN 
RPN 
AAN 
IRR 

que es la distancia entre los electrodos de potencial MN 

Espaciamiento electródico AB/2 
Factor geométrico 
Diferencia de potencial observada en M, N 
Resistividad aparente 
Resistividad media cuadratica natural 
Resistividad serie natural 
Resistividad paralelo natural 
Coeficiente de anisotropía 
Intervalo y profundidad real investigada 

QUIERES OTROS CALCULOS (S/N) 
. - . ,' ~· 

en el caso de no tener mas datos que procesar oprimir N, situación contraria volver a 
empezar. 

Para el Arreglo Bipolo-Bipolo, que aparece en la figura 1 b, n __ corresponden a las 
distancias x que separa al dipolo de potencial del de corriente, x es la distancia entre 
los electrodos de potencial y los de corriente, son siempre números enteros. 

BIBLIOGRAFIA 

· Barnes" Layar Method Technical Memó .. N,o: 6 lnstructicm for use whit Sisen Earth 
Resistivity Meter. · 

Orellana E., Prospección Geoeléctrica.en corriente continua, 1972 .. 

Hernández Moedano G., 1983. Calculo de .la Resistividad Media· partiendo de las · 
mediciones ·de campo de sondeos eléctricos verticales para . una interpretación 
geológica cualitativa cercana a la real. X:V Aniversario de la Creación de la Carrera de · 
Ingeniero Geofísico, Palacio de Minería de la UNAM. · · "' · · · · 
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Introducción 

La contaminación de las aguas subterráneas se ha convertido en uno de los problemas ambientales mas 

graves en las últimas décadas. Los contaminantes en superficie pueden infiltrarse en el subsuelo y llegar 

a contaminar los acuíferos. Lo anterior, representa un serio riesgo para la salud y medio ambiente. Dado 

a que la contaminación no se puede detectar ni medir en forma inmediata, es necesario utilizar 

herramientas matemáticas, como los modelos numéricos, para estudiar y simular el comportamiento de 

los contaminantes en el subsuelo . 

. Los modelos de transporte poseen menor poder predictivo que los modelos de flujo. Lo anterior, se debe 

a que uno de los parámetros más sensibles es la velocidad promedio en los poros la cual, puede ser 

determinada solamente dentro de un orden de magnitud. Este problema se torna mas complejo en 

acuíferos formados por varias capas, donde la velocidad y la concentración de los contaminantes no están' 

homogéneamente distribuidos a profundidad. 

En el caso de un balance de agua subterránea, si existe mayor velocidad en una capa que en otra, no tiene 

importariéia ya que la única cantidad relevante es el flujo total en una sección transversal. Por el contrario 

en un modelo de transporte, se tendrá una· gran diferencia si los contaminantes están presentes en una 

capa de baja o alta velocidad. 

Una parte fundamental de un modelo de transporte ·es.la elaboración de un modelo de flujo. Este, 

constituye la parte más laboriosa por su preparación, calibración y verificación. El modelo de flujo que 

se utilice de base debe satisfacer un alto grado de exactiiud. 

Los modelos de transporte requieren mayor información que los modelos de flujo. Esto se debe a que, 

además de los datos relacionados con el flujo subterráneo se requieren valores del coeficiente de . . . ' 
dispersión, porosidad, concentración inicial de contaminantes y factores de retardación y/o atenuación. 

Esta información se desconoce a priori y tiene que se! estimada. Por ello, los resultados derivados del 

modelo deben ser tornadas con reserva. 

La calibración de los modelos de transporte con los datos de campo es limitada. Los resultados, solo 

· pueden ser ~amparadas con medicio~es promedio de concentración. Si las muestras se obtienen de la parte 

superficial del subsuelo, como es el caso, la profundidad promedio no es representativa de la 
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concentración en ese punto. Solamente cuando se tiene un considerable número de observaciones, se 

pueden comparar los resultados medidos con los calculados. Ver fig.( 1 ). 

A pesar de las dificultades mencionadas, los modelos de transpone son una valiosa herramienta para el 

análisis y solución de problemas de contaminación en el subsuelo. Una primera aplicación puede ser la 

interpolación de la concentración en pozos de monitoreo. El modelo también puede proporcionar, dentro 

de los limites, la evolución de la pluma contaminante. 

La aplicación más útil de los modelos radica en simular escenarios y métodos para el saneamiento de los 

acuíferos. Su utilidad radica en predecir el potencial de contaminación creado por una fuente. 

Es poco probable que las capacidades predictivas de los modelos mejoren en el futuro, ya que las 

heterogeneidades a pequeña escala no pueden ser exploradas con suficiente detalle. Por tanto, el desarrollo 

de los modelos se dirige hacia el desarrollo de modelos estocástico los cuales, agregan a los resultados 

una medida de las posible variabilidad de estos. 

2 
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l. Solución Numérica de la Ecuación de Transporte 

La ecuación de transporte en una dimensión en un medio poroso homogéneo e isótropo que incluye 

sorpción y decaimiento, se puede expresar como (Fetter, 1990): 

ac = 0 a> e 
at L ax> 

Bd ac· ( ac) 
aTt + at rxn 

(dispersión) (advéción) (sorpción) (reación) 

en donde: 

e = concentración del soluto en fase liquida, t = tiempo, DI = coeficiente de dispersión longitudinal, 

Vx = es la velocidad lineal, Bd = es la densidad del acuífero, O = porosidad del medio saturado, 

e • = cantidad de soluto sujeto a procesos de adsorpción o absorpción y rxn = indica reacciones 

biológicas 6 químicas. 

El primer termino de la ecuación representa la dispersión del soluto, el segundo la advección del soluto, 

el tercero es la transferencia del soluto de una fase liquida a las partículas solidas por sorpción, y el 

último termino indica que cambios en la concentración del so luto con el tiempo debido a reacciones· 

biológicas o químicas o por decaimiento radioactiva .. 

La solución de la ecuación (1) se puede obtener por métodos analíticos o numéricos .. Los métodos 

analíticos brindan soluciones exactas, pero suponen muchas simplificaciones. Por ello, no son utilizados 

en problemas prácticos ya que no existen soluciones analíticas para geometrías complejas y medios 

heterogéneos. 

Los métodos numéricos permiten obtener soluciones aproximadas de las ecuaciones. Sin embargo, poseen 

mayor capacidad para representar y resolver problemas hidrogeológicos donde las propiedades del medio 

varían en el espacio. Los principales métodos numéricos son; diferencias finitas, elementos finitos y de 

características. 
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a) El método de diferencias finitas es el método más utilizado, este consiste en: 

l. Dividir la región de estudio en celdas rectangulares. 

2. Aproximar las derivadas mediante serie de Taylor o balance de masas. 

3. Resolver las ecuaciones en diferencias implícitamente. 

El método de diferencias finitas es fácil de esrudiar y programar. Su principal limitación, es que la 

solución de la ecuación de transpone produce dispersión numérica y oscilaciones (Ver fig. 2), debidas 

a errores de truncación en la aproximación del termino de advección. En algunos casos, es posible 

conjugar soluciones entre la dispersión y las oscilaciones ajustando las aproximaciones en tiempo y en 

espacio sin embargo, no es posible hacer desaparecer ambas. 

b) El método de elementos finitos ha sido utilizado en la modelación de numérica de las aguas 

subterráneas desde 1970. Acrualmente, el método de Garlerking es ampliamente usado, los pasos básicos 

del método son: 

l. Dividir la región en subregiones llamadas elementos. 

2. Establecer funciones de interpolación para definir la concentración dentro de un elemento en terminos 

de la concentración en los nodos de cada elemento . 

3. Formular una ecuación integral aproximada en terminos de funciones básicas. 

4. Aplicar el teorema de Green de segundo orden a las derivadas de segundo orden. 

5. Sustituir los terminos de funciones básicas jlara·"f<lrmar una ecuación matricial 

6. Aproximar la derivada en tiempo por diferencias finitas y resolver el sistema matricial. 

El método de elementos finitos (E.F.) es mas difícil de comprender y programar, que el método de 

diferencias finitas (D.F.). Además, requiere memoria adicional en computo para solucionar del sistema 

de ecuaciones. Su principal ventaja es la flexibilidad de las formas de los el_ementos para representar 

limites hidrogelógicos. El método de elementos finitos genera problemas de dispersión numérica y 

oscilaciones, en la m[.sma forma que _el método de diferencias finitas. 

e) El método de las características difiere sustancialmente de los métodos de D.F. y E.F. Este surgió 

como respuesta a las limitaciones de los métodos anteriores para evitar los problemas de dispe·rsión 

numérica. 
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El método consiste en: 

l. Resolver la ecuación de flujo usando el método de diferencias finitas 

2. Introducir un conjunto de panículas en el sistema desplazandose en una localidad y concentración 

determinada. 

3.- Calcular la velocidad en cada punto y mover las panículas acorde con estas. 

4. Calcular la concentración promedio en cada celda como el promedio de los puntos en la malla. 

5. Modificar las concentración en las mallas y en los puntos para calcular la dispersión. 

Este método calcula esencialmente el movimiento por advección de los solutos a través del sistema, y 

posteriormente le superpone la dispersión. En general, el método no crea dispersión numérica, lo cual 

constituye su principal atracción. Las características del modelo en dos dimensiones, de transpone de · 
- .. ,~. 

solutos y dispersión en agua subterránea (Konikow y Bredehoeft, 1976), se presentan en el anexo ( 
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11. Datos para la aplicación del modelo. 

Los datos para utilizar un modelo de transporte son considerables. Por ello, la carencia de estos es quizá 

la mayor limitante para su aplicación. Existen dos tipos de información requerida: las condiciones de 

frontera y las condiciones iniciales. Las condiciones de frontera, se refieren a la geometría del acuífero, 

las características del flujo subterráneo, distribución de cargas hidráulicas y la concentración inicial de 

solutos, entre otros. 

Las condiciones iniciales son los parámetros hidráulicos del acuífero y los procesos que ocurren en él. 

Estos incluyen, el coeficiente de almacenamiento (s), conductividad hidráulica (K), coeficiente de 

dispersión, porosidad (</>) y las constantes de atenuación y difusión. Estos valores son determinados en 

campo, en ·taboratorio o durante la calibración del modelo . 

. Los modelos de transporte son muy sensibles a la porosidad(</>) y a la conductividad hidráulica _(K), dada 

su relación con la velocidad lineal (v) del medio. Por otra parte, se ha demostrado que la dispersión es 

un valor que depende de la es~ala de estudio. Por ello, valores de dispersión medidos en laboratorio son 

de varios ordenes de magnitud menores que los valores 'a escala regional. 

Finalmente, en la formulación de un modelo para un problema practico, se sugiere mantener éste tan 

simple como sea posible; es decir, se recomienda aplicar soluciones básicas a problemas complejos. 

6 
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m. Problema #1 

· Estimación del tiempo de arribo y concentración del lixiviado generado por un relleno sanitario, a través 

de un modelo de transporte. 

Resumen Ejecutivo 

El modelo de transporte MOCUSGS (Konikow, 1976), se utilizó para estimar el tiempo de arribo.y la 

concentración de contaminante generada por un relleno sanitario en un río. Se estima que la pluma 

contaminante llegara al río después de 10 años de operación del relleno. Dado que la concentraciones de· 

contaminantes se incrementa con el tiempo, la operación del relleno sanitario tendrá un efecto negativo 

en las aguas superficiales. 

A fin de conocer la variación del modelo a los parámetros hidráulicos seleccionados, se realizó un análisis 

de sensibilidad con cada uno de ellos. El análisis mostró que la porosidad y conductividad hidráulica son 

los parámetros mas sensibles para el modelo de transporte. 

El modelo de transporte permitió predecir la posición y tiempo de arribo de los contaminantes en el río. 

Sin embargo, la configuración de la pluma esta afectada por errores de estimación en los parámetros 

hidráulicos y la concentración inicial de los contaminantes en el relleno sanitario. Por ello, la 

concentración calculada se debe tomar como un indicador de la dirección y tiempo de tránsito_ de los 

solutos, y no como un dato exacto de dicha concentración. 

3.1 Planteamiento del Problema 

La figura No.( 3 ) presenta a un río en contacto con un acuífero. Un relleno sanitario se propone 

construir en una zona aguas arriba del río. Debido a la preocupación por el impacto ambiental de esta 

obra, se requiere evaluar la posible contaminación que generaría los lixiviados del relleno en la calidad 

del agua del río. El sitio se localiza en un área con una precipitación de aproximadamente 20" (pulgadas) 

por año. La trasmisividad del acuífero se estima en 10,000 ft2/día, ·conductividad hidráulica en 0.0023 

ft/seg y la porosidad efectiva se calcula en 0.25. 

El propósito de este reporte es determinar la evolución en él espacio y en el tiempo de la concentración 
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de contaminantes generada por la operación de un relleno sanitario y evaluar su posible impacto en un 

río cercano a este. 

3.2. Metodología 

a) Conceptualización del problema 

La fig.( 3 ) presenta un modelo esquemático de la infiltración de un lixiviado generado en relleno 

sanitario, al subsuelo. 

b) Selección de las condiciones iniciales y de frontera 

La malla y las condiciones iniciales del modelo se muestran en la fig.( 4 ). Al río se le asigno una carga 

hidráulica constante y los limites restantes se asumieron como impermeables. Un valor fijo de 

concentración inicial del 100% fue seleccionado como porcentaje de un valor considerado. Las 

condiciones iniciales de la pluma contaminante fueron especificadas con concentración de + 100 en los 

cinco nodos que representan la ubicación del relleno sanitario. 

El valor de la recarga neta fue calculado como porcentaje de la precipitación inicial. Su valor original 

se ajustó en el modelo hasta• obtener valores satisfactorios entre la carga hidráulica observada -Y la 

calculada. La mejor distribución de carga hidráulica correspondió a un 15%, alrededor de un 3", por;año 

del valor de recarga original. 
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3.3. Aplicación del modelo MOCUSGS 

l. Las condiciones iniciales y parámetros hidráulicos base se muestran en la Tabla No.! 

Tabla No. 1 Parámetros Iniciales 

Espesor del acuífero 

Conductividad hidráulica 

Porosidad 

Recarga neta (15% de la precipitación) 

Dispersión lon_¡Jirudinal 

LDT/LDL 

50ft 

0.116 ft/seg 

0.25 

7. 9E·09 ft/seg 

130ft 

0.1 

2. Se calculó el mapa piezométrico y este se comparó con la distribución de carga hidráulica de campo 

hasta que ambos fueran lo mas cercanos. 

3. Se utilizó la superficie potenciométrica simulada como base para calcular la distribución de la 

concentración de contaminantes en tiempo y espacio. 
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IV. Resultados 

a) Distribución de la carga hidráulica 

La figura No. 5, muestra el mapa piezométrico generado con parámetros base (tabla No. 1). La 

distribución de la carga hidráulica seleccionada fue aquella que mejor se ajusto con el mapa piezométrico 

de campo. 

b) Distribución de los contaminantes 

La figura No. 6, muestra la distribución de contaminantes para un período de 10 años. La distribución 

de la pluma contaminante muestra que, los contaminantes impactaran al río en diferentes porcentajes de 

acuerdo con la distancia del río al relleno sanitario. 

e) Análisis de sensibilidad 

· Para conocer el efecto de la variación de los parámetros hidráulicos en la estimación de la cóncentración, 

se realizó un análisis de sensibilidad. Los perfiles de concentración a lo largo de la línea del relleno 

sanitario al río son presentados en la figura No. 7: En las gráficas un solo parámetro o condición en un 

tiempo fue permitido variar de su valor original. 

V. Conclusiones 

l. El modelo MOCGSUS permitió simular la distribución de los contaminantes generados por un relleno 

sanitario. De acuerdo con el modelo después de 10 años el lixiviado llegará al río. El punto mas cercano 

al relleno, tendría una concentración de 13% (de la concentración inicial) y el mas alejado de 1%. Las 

concentraciones se incrementaran en el tiempo creado un impacto negativo en el sistema ecológico . 

2. El análisis de sensibilidad mostró que los parámetros hidráulicos que mayor influencia tienen en la 

distribución de la concentración fueron de la conductividad hidráulica y la porosidad .. 
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COMPUTER MODEL OF TWO-DIMENSIONAL SOLUTE TRANSPORT 
ANO .DISPERSION IN GROUND WATER 

By L F. Konlkow and J. D. Bredehoafl 

Abstrae! 

This rcport presenta a model that simula tes so1ute 
trnnsport in ftowing ground water. The model is 
both general nnd flexible in that it can be applied 
to a wide range oí problem types. lt i.s applicable 
to one-- or two-dimensionnl problems involving 
steady-state or transient ftow. The model computes 
changes in conccntrntion over time caused by the 
processes of convcctive transport, hydrodynamic 
dispersion, and mixing (or dilution) !rom fluid 
sources. The modcl nssumes that the salute is non
reactive and thnt gradients of fluid density, viscos
ity, and temperature do not affect tbe velocity dis
tribution. However, the aquiíer may be hetero
geneous and (or) .anisotropic. 

The model couples the ground-water ltow equa
tion with the solute-trnnsport equatiou. The digital 
computer progrnm uses nn alternatinc-direction im
plicit procedure to solve a finite-difl'erence approxi
mation to the ground-water ftow equation, and it 
uses the method of characteristics to solve the 
solute-transport cquation. The latter oses a particle
tracking procedure to represent conver.tive transport 
and a two-step explicit procedure to solve a finite
difference equation that describes the effects of hy
drodynamic dispersion, fluid sources and sinks, and 
divergence of v:elocity. This explicit procedure has 
several st.ability critcria, but the cmsequent time
atep limitations are automatically detumined by the 
program. 

The report includes a listing of the computer pro
gram, which is written in FORTRAN IV and con
tains about 2,000 linea. The model is based on a 
rectangular, block-centered, finite-ditterence grid. lt 
allowa the specification of any number of injection 
or withdrawal wells and of spatially "Yarying diffuse 
recharge or discharge, aaturated thickness, tran&
miaaivity, boundary conditions, and i.Bitial heads and 
conc:entrations. The program also permita tbe desig
nation of up to ftve node;t as obse_rvation points, for 
whicb a summary table of head and concentration 
versus time is printed at the end of the calculations. 
The data input íormats for the modtl require three 
data carda and from seven to nine data seta to de-

scribe.......JJ¡p aquifer properties, boundarlea, and 
stressea. · 

The accuracy of tbe model was evaluated for two 
idealiúd problema for which analytical aolutiona 
could be obtained. In the case of one-dimensional 
ftow the agreement wu nearly exact, but in the 
case of plane radial flow B amall amount of nu
merical dispersion oa:uzored. An analysis of several 
test problema indicatea that the error in the masa 
balance will be generally leas than 10 percent. The 
test problems demonatrated that the accuracy and 
precision of the numerical solution is sensitive to 
the initial number of particles placed in each cell 
and to the size of the time increment, as determined 
by the stability criteria. Masa balance errors are 
commonly the greate&t during the fl.rst several time 
incrementa, but tend to decrease and stabilize with 
time. 

lntroduction · 
This report describes and documenta a 

computer model for calculating transient 
changes in the concentration of a nonreac· 
tive solute in ftowing ground water. The 
computer program solves two simultaneous 
partial ditferential equations. One equation 
is the ground-water ftow equation, which de
scribes the head distribution in the aquifer. 
The second is the solute-transport equation, 
which describes the chemical concentration 
in the system. By coupllng the ftow equation 
with the solute-transport equation, the model 
can be applied to bolh steady-state and tran
sient ftow problema. 

The purpose of the simulation model is to 
compute the concentration of a dissolved 
chemical species in an aquifer at any speci
fied place and time. Changes in chemical 
concentration occur within a dynamic 
ground-water system primarily due to four 
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distinct processes: ( 1) convective transport, 
in which dissolved chemicals are moving_ 
with the flowing ground water; (2) hydro
dynamic dispersion, in which molecular and 
ionic ditfusion and small-scale variations in 
the velocity of flow through the porous media 
cause the paths of dissolved molecules and 
ions to diverge or spreaq from the average 
direction of ground-water flow; (3) fluid 
sources, where water "of one composition is 
introduced into water of a ditferent composi-· 
tion ; and ( 4) reactions, -in which sorne 
amount of a particular dissolved chemical 
species may be added to or removed from the 
ground water due to chemic?L.and physical 
renctions in thc water or between the water 
and the solid aquifer materials. The model 
presented.in this report assumes (1) that no 
reactions occur that atfect the concentration 
of the species of interest, and (2) that gra
dients of fluid density, viscosity, and tem-. 
perature do not atfect the velocity distribu-
tion. · · --

the transient two-dimensional areal flow of 
a homogeneous compressible fluid through a 

· nonhomogeneous anisotropic aquifer can be 
written in Cartesian tensor notation as 

a ah oh 
-(T,,-) =S-+ W i,i= 1,2. (1) 
()X, ()X¡ ()t 

where 

h 
S 

is the transmissivity ten
sor, L'/T; 

is the hydraulic head, L; 
is the storage coefllcient, 

( dimensionless) ; · 
t is the time, T; 
W = W (x,y,t) is the vol u me flux per unit 

area (positive sign for 
outflow and negative 
for inflow), LIT; and 

x, and x1 · are the Cartesian coordi-
nates, L. 

· If we only consider fluxes of (1) direct with-
drawal or recharge, such as well pumpage, 
well injection, or evapotranspiration, and 

--.7 -- This niodel can. be applied to a wide 
.:. • -- variety of field problems. However, the user 

-. · should first become aware of the assumptions 
and limitations inherent in the model, as 

... _. ... . 

(2) steady leakage into or out of the aquifer. · 
through a confining layer, streambed; · or _.,_ 
lakebed, then w (x,y,t) may be expressed 

·.- -· · described in this report. The computer pro- as 

gram. presented in .this repÓrt is otrered as a 
basic working tool that may have to be _ 
modifled by the user for-efficient application-- where. 

. K. . 
W(x,y,t) =oQ(x,y,t) -...! (H,-h) .m . (2) 

to specific ficld problema. Thé program is Q . is the · rate. of. with<Ítawal (posi-
. --; .. , - _ written in FORTRAN IV and is compatible~ ti ve sign) or recharge (negative · 

_ -~- .. _ with most high-speed computers. The. data sign) ;-LIT; - · . _. _ - . _ 
:- ·. :-:: ~ requirements, input· Jormat specifications, K, is the ·vertical hydraulic conductiv-
"-'<.: . program options, and outptit forma.ts are all· -- ity of the contilJiñg-layer, strelim--
-.:.>:-- structured in. a· general manner thaf should - -
-~ '~ bed, orJakebed, LIT;- .. • ·: . 

. . )·."(---:- líe re~dily adaJ?table_ to .manY:_ fleld pro~le~s: .. _ m _ is the thickness of· the conflning 
, ::;$;: __ -Thls report_mclu_c!_es a deta•led descr1pbon _: ... e·. ·_ . layer, sti-eambed;. or-lakebed, L; 

· ~ ~--~.::: .. ~f the numer•c~l met~od used to solv_e_ the-.. · - · _ . and .-. - · · - · 

-- ........ - . 

--;,-,;:__. __ solute-transport equabon. ·r~e reader·•s as- H, is the hydraulic- head-in the source· __ 
o.:-·;-oc-'"'- - sumed to ha ve, ~or_ ~an ~btain ~lse":here),a bed, stream, or lake:li:.-:_ . - -:-
~--s-. moderate fam1har•ty wtth:fimte-d•lference - . -_ . . .. . · : . .--. ·' · · 

- :o~;;:.:- methods and ground-water flow modela.· . . Lohman (1972) show_s th_at·ai:l expression _ ._,, 
.-::--:.::. · -- .. · ' · - · -- · . · · . for_- the average seepage: velocity' of ground-_-. · ~- -- · 
--:.:-.:,· -: .T, h __ e_o_ r'e~tic-al Background . water can' be derived from'Darcy's law. Tbis . -- ,• 
.;_ '2-· -expression can_ be -written in Carteaian ten-

~"'· - · . -_-_ -~ Flow equation _-_ . · _sor notation as . . 

.:1-i;._ • . By following the deiivatÍ~n of Pindeu:nd - - V,~_ K,,- áh ·• 
·: ~--:";:·: :-' · Bredehoeft ( 1968); the equation describiñg · · • 'Qx, · 
,;~~=f~~-- --. ' - -. . - - ~-' -._. 

(8) 
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where 

V, is the seepage velocity in the direc
tion of x., LIT; 

, ... 

' 

is the hydraulic conductivity tensor, 
LIT; and 

is the etfective porosity of the aqui- · 
fer, (dimensionless). 

Transport equation 

The equation used to describe the tw<>-di
mensional areal transport and dispersion of 
a given nonreactive dissolved cherriical sp·e~ 
cies in flowing ground water was. derived by 
Reddell and Sunada (1970), Bear (1972), 
Bredehoeft and Pinder (1973). and Konikow 
and Grave (1977). The equation may be 
written as 

a (eb) =~(bD}e > -~ (bev,¡ _ e·w 
ot oX< QX¡ 0 x, < · 

i,i= 1,2 (4) 

where 

e is the concentration of the dissolved . 
chemical species, M 1 L'; 

D,1 is · the coefficient of hydrodynamic 
dispersion (a second-order ten
sor), L'IT; 

b is the saturated thickness of the 
aquifer, L; and 

e• is the concentration of the dissolved 
chemical in a source or sink fluid, 
MIL'.· 

The first term on the right side of equa
tion 4 represents the change in concentra
tion due to hydrodynamic dispersion. The 
áecond terni. describes the effects oí convec
tive transport, while the third term repre
senta a fluid source or sink. 

Dispersion coefficient 
Bear (1972, p. 580-581) states that bydro

dynamic dispersion is tbe macroscopic out
come of the actual movements oí individual 
tracer particles through the pores _and tbat 
it includes two proeesses. One process is 
mechanical dispersion, which depends upon 
both tbe flow of· the fluid and the nature of 

the pare system tbrough which the flow takes 
place. The second process is molecular and 
ionic ditfusion, which because it depends on 
time, is more significant at low flow veloci
ties. Bear (1972) íurther states that the 
separation between the two processes is arti
ficial. In developing our model· we assume íor 
flowing ground-water systems that tbe de
finable contribution of molecular and ionic 
di ffusion to hydrodynamic dispersion is 
negli~ _ 

The dispersion coefficient may be related 
to the. velocity. of ground-water flow and to 
the nature of the aquifer using Scheidegger's 
(1961) equation: 

(5) 

where 

«<Jm• is the dispersivity of the 
aquifer, L; 

V m and V, are components of velocity 
in tbe m and n directions, 
respectively, LIT; and 

lVI is the magnitude of the ve-
locity, LIT. 

Scheidegger ( 1961) íurther shows tbat 
for an isotropic aquifer the dispersivity ten
sor can be defined in terma of two constants. 
These are the longitudinal and transverse 
dispersivities of the aquifer (a 0 and a., re
spectively). These are related to the longi
tudinal and transverse dispersion coefficients 
by_ 

(6) 

and 
(7) 

After expanding equation 5, substituting 
Scheidegger's identities, and eliminating 
terma witb coefficients that equal zero, the 
components oí tbe dispersion coefficient for 
two-dimensional flow in an isotropic aquifer 
may be stated explicitly as 

' . 

. . 

D. =D (V.)'+D (V.l'. 
•• L lVI' lVI' ' 

v •• =D (V.)\v (V.)'.· 
lVI' L ¡v¡• ' 

(8) 

(9) 
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(10) 

Note that while D,. and D,, must have 
positive values, it is possible for the cross
product terms (eq 10) to have negativa 
values if V, and V, have oppasite signs. 

Review of assum¡:rtions 
A number of assumptions have been made · 

in the development of the previous equa
tions. Following is a list of the main assump
tions that must be carefully evaluated befare 
applying the model to a field problem. 
l. Darcy's law is valid and bydraulic-head 

gradients are the only significan! driv
ing mechanism for fluid tlow. 

2. The porosity and hydraulic conductivity 
of the aquifer are conslant with time, 
and porosity is uniform in space. 

3. Gradients of fluid density, viscosity, and 
temperatura do not atftd the velocity 
distribution. 

4. No chemical reactions ocwr that atfect 
the concentration of the solute, the 
fluid properties, or the aquifer proper
ties. 

5. Ionic and molecular ditfusion are negli
gible contributors to the total disper-
sive flux. · · 

6. Vertical variations in head and concen
tration are negligible. 

7. The aquifer is homogeneous and isotropic 
with respect to the coeflicients of longi
tudinal and transversa dispersivity. 

The nature of a specific field problem may 
be such that not all of these underlying as
sumptions are completely valid. The degree 
to which field conditions deviate from these 
assumptions will atfect the applicability and 
reliability of the model for t!lat problem. lf 

· the deviation from a particular assumption 
is significant, the goveming equations will 
have to be modified to accoUDt for the ap
propriate processes or factora. 

Numerical Methods 
Because aquifers have variable properties 

and complex boundary conditions, exact ana-

lytical solutions to the partía! ditferential 
equations of flow (eq 1) and solute trans~ 
port ( eq 4) cannot be obtained directly. 
Therefore, approximate numerical methods 
must be employed.. 

The numerical methods require that the 
area of interest be subdivided by a grid into 
a number of smaller subareas. The model 
developed here utilizes a rectangular, uni
formly spaced, block-centered, linite-ditfer
ence grid, in which nodes are defined at the 
centers of the rectangular cells.-

Row equation 
Pindcr and Bredehoeft (1968) show that 

if the coordinate axes are alined with the 
principal directiotis of the transmissivity 
tensor, equation 1 may be approximated by 
the following implicit finite-difference equa
tion: 

T . ["'-··'~-~!..,.•] n(a-%.iJ ( 
. 4%)' 

+ T [h•+ I,J.•- h •. ,.•] 
zs[if%J] . 

. . (~X)' '' 

+ T .. [h,,,_ '·'- k..,.•] 
....... -1>1 ( ) ' 

. ~~~ 

+ T [h•.J+ •.•- k.,,,, J 
nli.i+l>l 

. (ll.Y)' 

=S [ k.,,,,~~J.•-• J 

where 

i,j,k 

+ q,.,,.n K, H 
ll.x~, m[ '"·11 - "-<., •• ] (11) 

are índices in the x, y, and 
· time dimensiona, respec

tively; 
ll.x,ll.y,~t are incrementa in the x, 11. 

and time dimensiona, re
specti vely ; and 

q,. iB the volumetric rate of with
drawal or recharge at the · 
(i,j) node, L' /T. 

Note that k representa the new time leve! 
and k--1 representa the previous time leve!. 
To avoid confuion between tensor sub-

• 
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AAQ 
ALNG 
ANFCTR 
AOPT 
AREA 
BETA 

CELDIS 

CLKCN 

CMSIN 
CMSOUT 
CNCNC 

CNCPCT 

CNOLD 

CNREC 

CNRECH 
CONC 
CONINT 

Cl 
DALN 
DDRW 
DELQ 

DELS 
DERH 
DJSP 
DISTX 

DISTY 

DLTRAT 

DTRN" 
FCTR 
FLMIN 

FLMOT 

GRDX 
GRDY 
HC 
Hl 
HK 
HMIN 

TECHNIQUES Of. WATER-RESOURCES INVES_TIGATIONS 

Attachment 11 
Definition of Selected Program Variables 

orea of aquifer in model 
BETA 
anisotropy factor (ratlo of T, to T .. ) 
itcration parameters 
area of one cel1 in finitc-difference grid 
loñgiludinal dispenivity of porous 

medium 
m·aximum distance across one cell that 

a particle is permitted to move in 
one slep (as frw::tion-of width of 
ccll) 

conccntration of leakage through con-
fining )ayer or streambed -· 

mass of salute recharged into aquifer 
mass of sol u te distharged from aquifer 
change in concentration due to disper-

sion and sources 
change in concentration as percentage 

of concentration at node 
concentration at node at end · of pre

vious time increment 
concentration ol well withdrawal or 

injection 
concentration in ftoid source 
concenti'!Ltion in aquifer at node 
conce"ntration in aquiler at start of 

simulation 
CONC at node (IX,IY) 
longitudinal dispersion coeft'icient 
drawdown 
volumetric rate of_ leakage across a 

· confining layer or st:fcambed . 
rat.e of change in ground-water storage 
Change in head witb·respect to· t.!me .. 
dispersion equation coefficienta 
distance partiCle movea in :r-direction 

during time inerement 
distance particle moves in v-direction 

du ring time increment ·-
ratio of transverse ~-loiigitudinal 

dispersivity 
transverse dispersion coefl"icient 
multiplication or ecmversion faetor 
salute maas entering modeled area 

during time step 
salute mass leaving modeled area 

during time step 
hydraulie gradient in :r-direction 
hydraulie gradient iD v-direetion 
head from column compu~tion 
initial head in aquifer · 
computed head at end of time step 
minimum iteration parameter 

HR 

IMOV 
INT 
IPRNT 
ITMAX 

IXOBS 
IYOBS 
KOUNT 
LIMBO 

N 
NCA 
NCODES 

. NITP 
NMOV 

NODEID 
NP 
NPCELL 

NPMAX 
NPMP 

NPNT 
NPTPND 

."NREC. 
N TIM 

"NUMOBS 
NX 
NY 

"NZCR1T 

NZERO 

PARA M 

PART 

PERM 
PINT". 
POROS 
PUMP 
PYR 

QNET 

head from row eomputation in sub
rouline ITERAT; elsewhere HR 
representa head from previous time 
step • 

particle movement step number 
pumping period number 
print control index for hydrographa 
ma:r.imum permitted number o( 

·iterations 
z-coordinate of observation point 
y-coordinate of observation point 
iteration number for ADIP 
array for temporary storage of 

particles 
time step number 
number of aquifer nodea in model 
number of node identification codea 
nu")~r of iteration parameten 
number of particle movementa (or time 

incrementa) required to eomplete 
time step 

node identiftcation code · 
total number of active particles in grid 
number of particles in a ceU during 

time increment 
_maximum number of available particles 
number of pumping.perioda or simu-

lation periods 
number of time steps between printouta 
initial number of particlea per node 
number of pumping welta 
number of time steps 
number of obserVatioD wells 
number of nodes in x-direction 
number of nodej

1 
in y-direCtion 

maximum number of celia that C:an be 
void of particles 

number of celia that are void of 
particlea at- the eó.d of a time 
incre~ent · 

iteration parameter for current 
iteration 

l. :r-coofdinate o( particle; 2. v-eoordl
nate of particle ¡ 3. concentratioo of 
partícle. Also note that the alg1111 of 
coordinatea are used aa ftags to atora 
information on original Jocation of 
particle. 

hydraulic conductivity (in LT" 1
) 

pumping period in yeara 
etrective porosity 
cumulaUve net pumpage 
total duration of pumping period 

(in sec.onds) 
net water flux (in L'T·') 

-'" 



QSTR 

REC 

RECH 

RN 

RP · 

S 
SLEAK 

STORM 

STORMI 
SUMC 

SU MIO 

SUMT 
·sUMTCH 

THCK 
TIM 

TIMO 
TIMY 
TIMV 

TIMX 

TINIT 

TITLE 
TMCN 

TMOBS 

MODEL OF SOLÍJTE TRANSPORT IN GROUND WATER 75 

De/initiort of aelected program varia.bles-Continued 

cumulative change in YOlume of water 
in storage 

point source or sin k; Degative for in
jcction, positive for withdrawal 
(in UT- 1 ) 

diffuSe recharge or discharge; negative 
!or recharge, positive for discharge 
(in c,r-•) 

range in concentrntion between regen
erated particle and adjncent node 
having lower concentration 

range in concentration between regen
erated particle and adjacent node 
having higher conCffltration 

storage coefficient (or specific yield) 
rate of leakage through confining 

!ayer or strenmbed 
change in total solu_te mass in storage 

(by summation) 
initial mass of salute in storage 
summation of concentratio'ns of o.ll 

particles in a cell 
change in total salute mass in stornge 

(from inftows-outftows) 
total elapscd time (in seconds) 
cumulative elapsed time during 

particle moves (in seeonds) 
saturated thickness of aquifer 
length of specific time iitep· 

(in scconds) 
elaps~d time in days 
elapsed time in yeara 
length of time incremmt for particle 

movement (in seconds) 
time step multiplier for transierlt fl.ow 

problema 
size of initial time step for transient 

flow problema (in seeonds) ·
problem description 
computed éoncentratioas at observation 

pointa. :. 
elapsed times for obscrvation point 
- records 

TMRX· 

TMWL 
TOL 
TOTLQ 

TRAN 

VMAX 
VMAY 
VMGE 
VMXBD 
VMYBD 
VPRM 

vx 
VXBUY 

VY 
VYBDY 

WT 

XDEL 
XOLD 

XVEL 
YDEL 
YOLD 

YVEL 

): ti 
/:-" 

transmissivity coeffidents (haimonic 
means on cell boundaries: forward 
val u es are stored) 

computed heads at observation points 
conver~ce criteria (ADIP) 
cumulative net leakage through con-

fining layer or streambed 
transverse dispersivity oí porous 

medium 
maximum value of VX 
maximum value of VY 
magnitude of velocity vector 
maximum value of VXBDY 
maximum value of VYBDY 
initially used to read transmissivi~y 

val u es at nodes; then after line 
82270, VPRM equals leakance factor 
for confining layer or streambed 
(vertical· hydraulic eonductivity/ 
thickness). If VPRM~0.09, then the 
program assumes that the node ia a 
constant-head boundary and is flag· 
ged for subsequent special treat
ment in calculating convective trana .. 
port. 

velocity in :x:-direction at a node 
ve-iocity in :t:·direction on a boundary 

between nades 
velocity in y-direction ata node 

. velocity in 11-direction on a boundary_ 
between nodes . 

initial water-table or potentiometric 
elevation, or constant head in 
stream or source bed 

grid spacing in x-direction -- ... 
:t:·coordinate oí particle at end of pre-

vioua time increment 
velocity of particle in ~·direetion 
grid. spacing in y·direCtton 
y~oordinate of particle at end of pre. 

vious time inerement 
velocity of particle in y-diredion 
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Card Column Format 

1 1-80 lOAS 

Attachment 111 

Data Input Formats 
Variable 

TITLE 

DeflniUon 

Description of problem 

-------------------------------------------------
2 1- 4 !4 

6- 8 14 

9-12 14 

13-16 14 

17-20 

21-24 (4 

26-28 14 

29-32 (4 

33-36 14 

37-40 14 

41-44 

46-48 

49-62 

'· 

57-60 14 

·61-64 . . 14. 

65-68 14 

S.. footaotes al ead of tahle. 

NTIM 

NPMP 

NX 

NY 

NPMAX 

NPNT 

NITP 

NUMOBS 

ITMAX 

NREC 

NPTPND 

NCODES 

NI'NTMV 

NPNTVL 

NPNTD 

NPDELC 

NPNCHV 

Mu:imum number of time stepa in a 
pumping period (limit=lOO) •. 

Number of pumping periodo. Note 
that if NPMP>l, then data sot 
10 muat be completed. 

Number of nades in :;r; direc:tion 
(limit=20) •. 

Number of nades in y direction 
(limit=20) •. 

Muimum number of particlea 
(limit=3200) •. (See eq 71.) 

T"l!lle-Btep interval for printing 
hydraulie and chemical output 
date. 

Na.mber of iteration parameten 
(uaually 4""NITP,.7). 

N~~mber of observation points to be 
..,..,ifted in a lollowing data set 
(limit=5) '· 

M.u.imum allowable number of it
erations in ADIP (usually 100 
,.¡ITMAX,.200). . 

Namber of pumping or injectloa 
wella tn be specifted in a following 
data sot. 

IDitial number of particles per node 
(optiona=4, 5, 8, 9). 

N111Dber of nodo identiftcatlon eodes 
to be specifted in a ·rollowing data 
oret (limit=lO)• •. 

Particlo movement interval (IMOV) 
for printing chemical output data. 
( Speeify O tn print only at ond of 
timo atepa.) 

Option for printing computad valoel
tiea (O=do not print; 1=prlnt for 
ftnt time step; 2=print ·for all 
lime ateps). 

Option for printing computad dl&
peraion equation eoefficienta (o~.· 
tion deftnition aame aa for 
NPNTVL). 

()ption for· printing eomputed 
ehanges in concentrotlon (O=do 
not print; 1=print).· 

Option tn punch veloelty data (opo 
tion deftnition same as for 
NPNTVL). When specilled, pro
gram will punch on unit 1 .. the . 
veloc:ities at nodea. · 

..... 

···~·· ... ··· 

.. 

··-· 
;l 
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Card Coiumn 

3 1- 5 
6-10 

11-15 
16-20 

21-25 

26-30 

31-35 

36-40 

41--45 

46-50 

51-55 

56-50 

Dota Number ... of car9 

1 Value of NUM,O:ÉIS 
(limi~=SJ • 

2 Value of NREC 

3 a. 1 
b. Value of NY 

_ (limit=20) • 

•4 a. 1 
b. Value of NY 

(limi~=20). 
'6 a. 1 

b. Value of NY 
(limit=20) • 

6 a. 1 
b. Value of NY 

(limit=20). 

See foot.aote. at ll!tul of t&ble. 

Da~ "input forrnats-Continued 

Forma t. 

GS.O 
GS.O 

G5.0 
G5.0 

G5.0 

Gs.o. 

G5.0 

GS.O 

GS.O 

G5.0 

G5.0 

G5.0 

Formal 

212 

212, 
2G8.2 

11, G!O.O 
20G4.1 

11, G10.0 
20G3.0 

11, G10.0 
20G4.1 

11, G!O.O. 
2011 

Variable 

PINT 
TOL 

POROS 
BETA 

S 

- TIMX 

TINIT 

XDEL 

YDEL 

DLTRAT 

CELO! S 

ANFCTR 

Variable_ 

IXOBS, IYOBS 

O.flaiUoa 

Pumping period in years. 
Convergence criteria in ADIP 

( usually TOL,;0.01). 
Effective porosity. 
Characteristie length, in feet 

(=longitudinal dispersivity). 
Storage coefficient (set 8=0 for 

steady flow problema). 
Time incremeot multiplier for trana~ 

ient flow problema. TIMX is dia
rega rded if S =O • 

Size of initial time step in seconds. 
TINIT is disregarded if S=O. 

Width of finile-difference cell in 
x direction, in feet. 

Width in flnite-difference cell in 
y direction, iD feet. 

Ratio of transverse to longitudinal 
dispersivity. 

Maximum cell distance per particle 
move · (value between O .and 1.0). 

Ratio of T, to T ••. 

Deft11lllon 

z and y coordinates of observation 
pointa. Thia data set ia eliminated 
if NUMOBS ia specified as =0. 

IX, IY, REC, CNRECH :e and 11 coordina tea of pumping ( +) 
or injection (-) wella, rate in 
rt'ls, and if an injedion well, tbe 
concentratioa of injected water. 
Thia data set ia eliminated ·if 
NREC=O. 

INPUT, FCTR 
VP!I.M 

INPUT, FCTR 
THCK 

INPUT, FCTR 
RECH 

--'INPUT, FCTR 
NODEID 

Parameter card t for tranamleaivlty.' 
A rray for temporary atorage of 

transmiaaivity data, in ft!la. For 
· -~ an anisotropié aquifer, read ID 

valuee of T. aad the program w!U 
adjuat for aaisotropy by multl
plylng T w by 'ANFCTR. 

Parameter cárdt for THCK. · 
Saturated thickneas ot aquifer, in 

feet. --------·- · ............. _ 
--- "l'iirame!Or cardt for !I.ECH. 

Diffuse recharge (-) or dlecbarge · 
-----<+), ia·ftt•;------ ----------'------:-

Parameter cardt for NODEID. 
Node identiflcation matriz (Uaed to 

define conatant-head nodea or 
other boundary conditiona and 
atresaes). 
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Dala 
••• 
7 

8 

9 

10. 

Numb'!'r 
ol eards 

Value of NCODES 
(limit=IO) • 

a. 1 
b. Value of NY 

(limit=20)' 

a. 1 
b. Value of NY 

(limit=20) • 

a. 1 

·b. 1 

Data input formats-Continucd 

Format 

12, 3GI0.2, 
12 

11, GIO.O 
20G4.0 

11, GIO.O 
20G4.0 

11 

Variable 

ICODE, FCTRI, 
FCTR2, FCTR3, 
O YERRO 

INPUT, FCTR 
WT 

INPUT, FCTR 
CONC 

ICHK 

...... 

, 1014,3G5.0 N TI M, NPNT, NITP, 
ITMAX, NR.EC, 
NPNTMV, NPNTVL, 
NPNTD, NPDELC, 
NPNCHV.PINT, TiMX, 
TINIT 

e. Value o! NREC 212, 2G8.Z IX, IY, REC, CNRECH 

Deftnltlon 

Iastructions for using NODEID 
arrny. When NODEID=ICODE, 
program sets Jeakance=FCTRl, 
CNRECH=FCTR2, and i! 
OVERRD is nonzero, RECH 
=FCTR3. Set OVERRD=O to 
preserve values oí RECH spec:ifted. 
in data set 5. 

Parameter eardf for WT. 
Iaitial water-table or potentiometrie 

devation, or c:onstant head in 
atream or source bed, iD feet. 

Parameter c:ardt for CONC. 
laitial concentration in aquiíer. 

'l1ds data set a11ows time step param .. 
l'ters, print options, and pump
'age data to be revised for each 
pumping period o:C the simulation. 
Data set 10 is only used if NPMP 
>t. The sequence of carda in data 
ll!t 10 must be repeated (NPMP 
-1) times (that is, data_ set 10 
il required for each punlpini' 
period alter the ftrst). ' 1 

Parameter to check whether any' re
-riaions are desired. Set ICHK=1 

· if data are to be revised, and then 
camplete data set 10b and e. Set 
ICHK=O if data are not to be re
Yised for the next pumping period, 
•nd Bkip rest of data set 10. 

Tkirteen parameters to be revised 
lor ne.s:t pumping Period; the 
Jarameters were previously de~ 
lned in the description of data 
c:ards 2 and 3. Only include this 
card i! ICHK=1 in previous part 
L 

Reri•ion o! previously deftned data 
Rt 2. Inelude part e only if 
ICHK=1 in previous part a and 
if NREC>O in previous part b. 

• Thne Umlt. c.an be modlfted if D!ftU&f'J' bJ ch•ntrlnl' Lhe corl'ftlpondlntr arnr dlmendals la t.be COMMON 1t.akmtnta of t.be 
proaram. , 

t The parame~r card must be lbe fl.nt eard of the lndlea'" ·data seta. lt ia used to ~ifJ' •hether lhe paramet.eto W eoeataat 
and unllorm, and ean bti deRned b,. one Yalue, or whether 1t varie~~ In epace and muat -.lll!/4n'lned at f'&ch nodf'. U INPUT=O, the 
data aet hu a eonetant value, whicb la defl.ned b,. FCTR. lf INPUT:= 1, lhe data eet la ftad tl"Om eal'da u described b1 part b . 

. Then FCTR le a mulllplic_etlon rector for the vaJ~a re&d In the data HL 

; ,.. -~ 

. ... , 

., 

:; . 
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Attachment IV 
Input Data for Test Problem 3 

Csrd 1 TEST PR08LEM NO. 3 CSTEAUY FLQW, 
Card 2 1 1 
Csrd J 2.S.0001 

Data Set 1 { 
S 4 

5 7 
DstaSat 1"1 •• ,.4 7 -··- 1 • Q 
Ostll Set J O O. 1 
D•t• SBI 4 Q 20 .Q 
Dats Set 5 O O. O . 

1 1 • o 
000000000 
022111220 
000000000 
coooouuoo 

D11ts Set6 000000000 
000000000 
000000000 
oouooouoo 
022222220 
ooooooooc 

{ 
2 1 .o 

Data _ser_ 7 
1 1.0 

1 1 • o -

9 1 0320\J 
0.30 100. 

0.0 -
10G.U 

1 
o.o 

7 
o.o 

u.o 
0.0 

2 
1 ¡.¡ELL, 
TOO 1 

o.u 900. 

-

o 
u 

O.OTOU.T00.100.TOO.TOO.TOO.T00. O.U 

o.o 75. 75. 75. 75. 75. 75. 75. o.o 

0stl1Sst9 Q Q.Q 

CONSTANT-HEAD 
9 2 10 

900. 0.3 0.50 

'_i{) 
_: 
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BOUI<DARIESl 
1 o o o 
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S 1 

10.0.0010 
14 126400 l 

.25 100 .. 0000 
7 
.00 

o .116 
o 50.0 . 
0-7.9E-09 
1 1.00 
00000000000000 
00111111111110 
00100000000000 
01100000000000 
00000000000000 
00000000000000 
oooooooooooooo 
00000000000000 
00000000000030 
00000000000330 

.00000000003330 
00000000000000 

1 1.00 
3 1.00 

1 1.00 

o. 
100.0 

.000 

. o o o· 

o 100 o 9 

0.1000.1000. 

o 
o 

2 100 1 o 
.1 .so 1.00 

o. o. o. o. o. o. o. o. o. o. o. o. o. o. 
o. 0.565.566.567.568.570.572.574.576.578.579.580. o. 
o. 0.565. o. o. o. o. o. o. o. o. o. o. o. 
0.565.565. o. o. o. o. o. o. o. o. o. o. o. 
o. o. o. 
o. o. o. 
o. o. o. 

. O. O. .o. 
o. o. o. 

o. 
o. 
o. 
o. 
o. 

o. o. o. 
o. o. o. 
o. o .. o. 
o. ·.o. ·o. 
o. o. o. 

o. o. o. 
o. o. o. 
o. ·o. o. 
o. o. o. 
o. o. o. 

o. o. o. 
o. o. o. 
o. o. o. 
o. o. o. 
o. 0.600. 

o. 
o. 
o. 
o . 
o. 

o .. o. o. o. o. o. o. o. o. o. 0.600.600. o. 
o. o. a·~ o. o. o. o. ·o. o. o.6oo.6oo.6oo. o. 
o. o .. o. o. o. o. o. o. o. o. o. o. o. o. 

l. O 

o. O· o. 
o. o. o. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
o. 

o. o. 
o. o. 

o. o. o. o. 
o. o. o. o. o. 

o. o. o. o. o.· o; o. o. o. o. o. o. o. o. 
·o. o. o. o. o. o. o. 
o. o. o. o. o. o. b, 

o. o. o. o. o. o. o. 
o. o. o. -0. o. o. o. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 

o. o. o. o. o. 
o.· o. o. o .. o. 
o. o. o. o.· o. 

O. O; O. O. O. O. O. O. 
o . . o . Q,, . o. o . o . o . o . 
o. o. o. o. o. o. o. o. 

o. o. o. 
o. o. o. 
o. o. o. 
o. o. o. 

o. o. o. o. o. 
o. o.· o. o. o. 
o. o .. o. o. o. 
o.·.o. o. o. o. 

o. o. 0.100. o. 
o. 0.100.100, o. 
ó--:100 .100 .. 100 .. o. 
o. o. o. o. o. 

. - .. ···-· ...... -- .. ~--- ........... -~----· ·-·· .. . . .. , ....... ·:· .· .. ·- ._ .... _-

o o o 



HEAD DISTRIB~ION - 'BASE SOLUTION 
(15% OF RECHARGE) 

NUMBER OF TIME STEPS ~ 1 
TIME (SECONDS) ~ .12623E+09 
TIME (DAYS) a .14610E+04 
TIME (YEARS) - . 40000E+01 

o o o o o o o o o o o o o .... o o 
o o 565 565 566 567 568 570 572 574 576 578 579 580 o 
o o 565 565 567 569 570 572 574 576 578 579 580 581 o 
o o 565 565 569 571 573 574 576 578 580 581 582 583 o 
o o 569 569 571 573 575 577 578 580 582 583 584 585 o 
o o 572 572 574 575 577 579 580 582 584 585 587 587 o 
o o 574 5.75 576 577 579 580 582 584 586 588 589 590 o 
o o 576 577 578 579 580 582 584 586 589 591 593 594 o 
o o 578 578 579 580 582 584 586 588 591 594 597 600 o 
o o 579 579 580 581 583 585 587 590 593 597 600 600 o 
o o 579 580 580 582 583 585 588 591 595 600 600·600 o 
O. o o o o o o o o o o o o o o .-. 

. CONCENTRATION DISTRIBt}TION 
(BASE SOLUTION) 

NUMBER OF TIME STEPS csj S 
DELTA T =¡ . 63115E+08 
'Í'IME(SECONDS) ~ .3155SE+09 

CHEM.TIME(SECOND~) ~ .315SSE+09 
CHEM.TIME(DA'fS) .36525E+04 

TIME('fEARS) ~ .10000E+02 

. ::~ CHEM.TIME('fEARS) = .10000E+02 
NO. MOVES COMPLETED ~ 7 

,.!". 
·o o o o o o ·' ~- ' ·O o o o o o o o 
o o o 1 3 9 22 34 40 40 39 26 46 13 o 
o o .• Q 2 7 18 59 . 65 72 77 81 so 79 S1 o 
o o o 4 16 40 62 77 81 85 ·. S7 88 90 89 o 
o o o 3- 19 62 73 83 86 88 90 92 93 93 o 
o o o 3 36 63 so 86 8_9 91 92 94 95 95 o 
o o o 2 24 70 S3 SS 9o··, .. 93 94 95 97 97 o 
o o o 3 38 77 S6 90 92 94 96 . 97 9S 99 o 
o o o 6 17 75 . 87 91 93 95 96 98 99 100 o 
o o o 2 60 78 89 92 95 97 98 99 100 100 o 
o o o 3 16 77 as 92 95 97 99 100 100 100 o 
o o o o o o o o o o o· o o o . o 

;¡ .. • 

-<.( 
~ . 



VARIABLE POROSITY 
5. 1 

10.0.0010 
14 126400 1 7 o 100 o 9 

.30 100 .. 0000 .00 0.1000.1000. 
2 100 1 o 
.1 .50 1.00 

o .116 
o 50.0 
0-7.9E-09 
1 1.00 
oooooooooooooo 
00111111111110 
00100000000000 
01100000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000000 
00000000000030 
OooooooooooJJo 
00000000003330 
00000000000000 

1 1.00 
3 1.00 

l. 1. 00 

o. 
100.0 

.000 

.000 
o 
o 

o. o. o. o. o. o. o. o. o. o: o. o. o. o. 
o. o.~6S.S66.567.568.570.S72.574.576.578.579.s8o. ·o: 
o. 0.565. o. o. o. o. o. o. o. o. o. o. o. 
0.565.565. o. o. o. o. o. o. o. o. o. o. o. 
O. O. O. O. O. O. O. O. O. O. O. O. O. O. 
o. o. o. o. o. o. o. o. o. 0 .. o. o. o. o. 

·o. o. o. o. o. o. o. o. o. o. o .. o. o. o. 
o. o. o·:·· o. o. o. o.- o: o. o. o. o. o. .o . 
o. O. o. O. O. O. O. O. O. O. O. 0.600. O. 
·o. o. o. o. o. o. o. o. o. Or 0.600.600. o. 
O. O. O. O. O. O. O. O. O. 0.600.600.600 .. O. 
o. o. o. o. o. o. o. o. 01 o. o. o .. o. o, 

l. l. o 
o. o. o. 
o. o .. o. 
o. o. o. 

o. 
o. 
o. 

o. 
o. 
o. 

o. 
o. 
o. 

o. o. 
o .. o. 
o. o. 

o. o. 
o. o. 
o. o. 

o. o . o. o. 
o. o. o. o. 
o. o. o .. o. 

o. o. o ... o. o. o. o. o. o. o. o. o. o. o. 
o ... ·a·. -o .. o .... o.. o. o. o .. o. o. o. o. ·o. o. 
o·. o. o. 
o .. o. o. 
o .. o .. o. 
o. o. o. 
o. o. o. 

o·. o. ·.o. 
o .. o. o. 
o .. o. o. 
o. o.. o. 
o. o. o. 

o. 
o. 

o. 
o. 

o. o. 
o. o: 

o. o' o. 
o .. •o. o. 
o. o. o. 

o. 
o. 
o. 

o. o . o. 
o .. o. o. 

o. 
o .. 

o. o. o .. o. 
o. 0.100. o. 
0.100."100. o. 

o. o. o. .o. 
o.· o_. o. o. 

O. O. .O. 
o. o. o. 

O. O. Ó.lOO.lOO.lOO. 
o. o. o.· o. o.- o. 

o. 
o. 

· .. 

. ";; ~ .... 
" ........ . 

o o o 

·.···· 



CONCENTRATION DISTRIBUTION 

(VARIABLE: POROSITY INC.20t) 

NUMBER OF TIME STEPS a S 
DELTA T .63115E+08 
TIME(SECONDS) . . 31558E+09 

CHEM.TIME(SECONDS) = .31558E+09 
.CHEM.TIME(DAYS) = .36525E+04 

TIME (YEARS) = .10000E+02 
CHEM. TIME (YEARS) = .10000E+02 

NO. MOVES COMPLETED = 6 

o o o o o o o o o o o o o o o 
·o o o o o 1 3 6 8 10 9 9 8 9 o 

o o o o 1 3 11 21 30 69 70 74 74 63 o· 
o o o 1 2 9 17 63 70 78 84 86 88 86 o 
o o o o 3 16 44 67 82 86 89 91 92 92 o 
o o o o S 26 69 79 87 90 92 94 95 95 o 
o o o o 7 45 72 85 90 92 94 95 97 97 o 
o o o 1 B 46 81 89 91 94 96 . 96 98 99 o 
o o o 1 B 60 83 91' 93 95 96 98 99 lOO o 
o o o 1 9 70 87 92 95 . 97 98 99 lOO lOO o 
o o o 1 9 62 as 92 95 97· 99 lOO lOO lOO o 
o o o o o o ·o o o o o o o o o 

.. 

. ,. 

-· ....... 

.. ..... -

' .. 



riTLE: TEST PROBLEM N0.1 
1 1 . 9 93200 1 

2. . 0001 o. 3 100. o. 
o 0.1 
o 20.0 
o 0.0 
1 l. o 
000000000 
000001110 
000000000 
000000000 
000000000 
000000000 

. 000000000 
.• ;· 011100000 

-'.':·ooooooooo -

.· ·.·: 

1 l. o 
1 l. o 

0.0 

o. o. o. 

(SPREADING OF A 
7 o 100 o 

o. o. 900. 

0.0 o 

o. o. o. . o. o. o. 
o. o. o . 
o. o. o. 
o. o. o. 

. o. 0.100.100.100. o . 

o. o. o. 
o. o. o. 

~~··.. o. o. o o 

o. 80. 80. 
o. o. '·0. 

1 100.0 
·" o. o. o o 

o. o. o. 
o. o. o. 
o. o .. o. 
o. o .• o. 
o. o. o. 
o; .. o. o. 
o. o· .. o. 
o. o. o. 

o . 
o. 
o. 
o. 
o. 

80. 
o. 

o. 
o. 
o. 
o. 
o. 
o. 
o.-
o . 
o. 

o . 
o . 
o. 
o . 
o . 
o. 
o . 

o. 
o . 
l. 
o.: 
o . 
o . 
o. 
o. 
o . 
. . 

o. o. o. o. 
o .. o. o. o . 
o. o. o. o. 
o. o . o. o. 
o. o. o. o . 
o. . o ' o . o . 
o. o. o. o. 

o. o. o. o. 
o. o. o. o. 
l. l. l. o. 
o. o. . o. o . 
o. o . o. o. 
0-. o . o. o. 
o . o. o. o. 
o. o. o. o .. 
o. o. o. o. 
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3. EL MODELO COMPUTARIZADO DE 
TRANSPORTE DE SOLUTOS 

Y DISPERSIÓN EN 
DOS DIMENSIONES 

de L. F. Konikow y J.D.Bredehóeft 

Introducción 

El modelo calcula los cambios transitorios en la concentración de un soluto no reactivo el 
agua subterránea fluyendo.. El programa de computadora resuelve dos ecuaciones 
diferenciales parciales de .. segundo orden. Una ecuación ·es la de flujo de agua subterráneas 
que describe la distribución de niveles piezométricos en el acuífero. La segunda ecuación es 
la de transporte de solutos que describe la concentración química en el sistema. Acoplando 
la ecuación de flujo con la de transporte de solutos, el modelo puede ser aplicado a 
problemas tanto de estado estacionario como de flujo transitorio. 

Los cambios de concentración que ocurren en un sistema dinámico de agua subterránea se 
deben principalmente a cuatro procesos distintos: 
1) transporte advectivo , en el cual los químicos disueltos se mueven con el flujo de agua 
subterránea; 
2) Dispersión hidrodinámica, en el cual difusión molecular y iónica y variaciones a pequeña 
escala en la velocidad de flujo a través del medio poroso causa que las trayectorias de 
moléculas disueltas y iones diverjan o se desprendan de la dirección promedio del flujo de 
agua subterránea; 
3) Fuentes o sumideros, donde elagua de una composición dada se introducida a agua de 
una composición diferente; . 
4) Reacciones, en las.gue una cantidad de una especie química disuelta en particuhir seá. 
adicionada o substraída del agua subterránea debido a reacciones químicas o fisicas en el 
agua o entre el agua y los materiales sólidos del acuífero. 

El" modelo asume: 
1) Que no ocurren reacciones que afecten las concentraciones que afecten las especies de 
interés y 
2) Que los gradientes de densidad de fluido, viscosidad, y temperatura no afectan la 
velocidad de distribución 
El acuífero puede ser 
1) heterogéneo y 
2) anisotrópico . 

·-
,: r? 

.;. 



Fundamentos Teóricos 

Ecuación de Flujo · 

La ecuación que describe el flujo transitorio bi dimensional de un fluido compresible y 
homogéneo a través de un acuífero no homogéneo anisotrópico puede ser escrito en 
notación cartesiana tensorial como: 

_!_(r a,)= s a,+ w a.: ,, a.: a 
' J 

donde 
T¡.j e~ el tensor de transmisividad, L2!T; 
h es el nivel piezométrico, L; 
S es en coeficiente de almacenamiento, adimensional; 
t es el tiempo, T; 
W=W(x,y,z,) es el caudal volumétrico por unidad de área 

de signo positivo para salida y negativo para flujo de entrada 
Xi, Xj son las coordenadas cartesianas, L; 

(3.1) 

la expresión para velocidad de filtración del agua subterránea puede ser derivada de la ley de 
Darcy: 

K,, a,. 
V=----

' & a.:, 
donde 

.,,, 

es la velocidad de filtración Ím la dirección de x¡;·ur; 
es el tensor de la conductividad hidráulica, UT; 
es la porosidad efectiva del acuífero, adimensional 

· ... · 

. (3.2) 

-.. 
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Ecuación de Transporte 

La ecuación para describir el transporte bi dimensional y la disper~h'm de una especte 
química disuelta y no reactiva puede ser escrita como: 

i{eb) 
a. 

donde 

o( X) o C'W - bD- --(beV)--· 
-"· 'l -"· -"· ' ' 

(.l.l,l v.x. 
1 

u~, e 
i,)= 1,2 

e es la concentración de la especie química disuelta, MfL3 
Di) es el coeficiente de dispersión hidrodinámica, L2!T 
b es el espesor saturado del acuífero, L · 
e· es la concentración del soluto en la fuente o sumidero, MIL3 

En la parte derecha de la ecuación: 

(3.3) 

El primer término represente los cambios de concentración por dispersión hidrodinámica; 
El segundo termino describe el efecto del transporte advectivo; · 
El tercer término represente una fuente o sumidero de fluido. 

Coeficiente de Dispersión. . ' 

El coeficiente de dispersión puede ser relacionado con la velocidad_ del flujo del agua la 
naturaleza del acuífero usando la ecuación de Scheidegger: 

(3 .4) 

Para un acuífero isotrópico el tensor de dispersividad puede ser definido en términos de dos · 
constantes; la di-spersividad longitudinal aL y la dispersividad transversal ar estas se 
relacionan con los coeficientes de dispersión por: 

DL =aL lVI 
DT = aTIVI 

.- -.. 

(3.5) 

Expandiendo la ecuación de Scheidegger sustituyendo las identidades y eliminando términos 
de coeficiente cero, los componentes del coeficiente de dispersión para flujo bi dimensional 
en un acuífero isotrópico se pueden establecer explícitamente como: 

17 



. '(3.6) 

·. ~- . 

Métodos Numéricos 

Ecuación de Flujo. 

La ecuación de flujo puede ser aproximada con la salvedad de que los ejes de coordenadas 
se alineen con las direcciones del tensor de transmisividad por la siguiente ecuación de 
diferencias finitas: 

T [h.~1.1.k -h.,,.k] T [h,+L,.k -h..,.k] T [h•~l.J,k -h..,.k] T [h,_,+l.k -h,_,_k] 
aH;,.,¡ (dx) 2 + a[.+)l,.¡] (dx)' · + ,.¡,_,~y,] (dy)' + »'[•.¡+Y,] (dy)' 

= S ,_,_k .. ,.k~l + w<•-'? _, [H . _ h j·. . ~ [h -h ] q K 
(i\t) _ dxdy m "-'·'> •. ,.k 

-·· -~ (3.7) 
donde i.j,k son los índices de las dimensiones en x,y, y el tiempo; y qw es recarga. 

Después de que la distribución de niveles ha sido calculada, para un paso de tiempo, la 
velocidad para el flujo de agua subterránea puede ser calculada en cada riodo usando un 
esquema de diferencias finitas explícitas. por ejemplo para la velocidad en la dirección'x: 

V = .a(HI,J) r.J.k r+l,J,k · :. K [h -h ] 
z<•+Y,.¡) . & (~x) ... (3.8) 

18 ..,, ... ·. 
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Ecuación de.Transporte 

Método de Características 

La ecuación de transporte puede ser escrita, considerando espesor saturado como variable y 
expandiendo el término de transporte advectivo, como sigue: 

.( ) c(sro+W-.sa)-cw 
éC=_!_~ bD éC -V~+ a a 
a b& '1 & '& .sb 

' 1 ' 

(3.9) 

Esta ecuación es la resuelta en el programa de computadora. por conveniencia es escrito 
como: 

éC =_!_~(bD K)-v K --V K +F a b& '1 & '& . Y& 
' 1 

(3.10) ,. 

La derivada material de la concentración, 
moviéndose con las partículas es: 

que asume la razón de cambio observada 

dC éC éCdx éCdy 
-=-+--+--
dt a iJx dt ¿y dt 

Para las componentes x y y tenemos las velocidades como: 

dx =V 
dt z 

dy =V 
dt y 

si_ sustituimos en la ecuación (3. 11) las (3. 10), (3. 12) y (3. \3): 

dC ~_!_~(bÓ K)+F 
dt b & '1 t3x 

. ' 1 

la solución del sistema de ecuaciones (3. 11-13) puede ser dada como: 

x = x(t); y= y(t); 

y son llamadas las curvas características de la ecuación de transporte.-

.~ 

(3.11) 

(3 .12) 

(3 13) 

(3.14) 

(3' 15) 

19 



Seguimiento de partículas. 

El método de características consiste en poner partículas o puntos en cada celda de la malla 
de elementos finitos formándolos ·en una distribución uniforme en el área de interés. La 
concentración inicial asignada a cada punto es la concentración asociada con el nodo de la 
celda conteniendo los puntos. 

cada paso de tiempo cada punto es movido una distancia proporcional a la longitud del 
incremento de tiempo y la velocidad ella localidad del punto (fig. 3.1 ). La nueva posición el 
calculada siguiendo las formas de las ecuaciones (3.12) y (3.13): 

x,_,=x,_,_,+8x,=x,_,_1 +L\tV¡ . ] 
X X(p.J:) •)(p.J:) 

(3. 16) 

-

Y,,=Y,H+oy,=y ,_,+D.tV¡ l 
, , p. y x¡p.J)·Y(p.t) 

(3.17) . 

donde 
p es el número índice para identificación del púnto; y 
ox y oy son las distancias que se movió en las direcciones x y y. 

Después que todos los puntos se han movido la concentración en cada nodo es tomada 
como el promedio de las concentraciones de todos los puntos localizados dentro del área de 
esa celda; esta concentración promedio es denotada como C¡.j,k*. Los puntos en 

movimiento simulan el transporte por advección porque la concentración en cada nodo 
cambia con cada paso de tiempo conforme diferentes puntos, teniendo. cllferentes 
concentraciones, entran y salen del área de esa celda. 

La aproximación por diferencias :tas de ~~~c~a(:ó2n d: ;a~~~rt)e ~~~;resada como: 

. L\C = O. 5M _!_(bD (k-1)) + - iJt iJt 
'·1 .k b a, V iJx, 6 

. O.SL\1 
+-

b ( ) 
c,.(sar+W-eib)-cw 

8 a:.. iJt iJt 
- bD -- +-->--------<----
,.. V "'-· 
~. ~} 6 

La nuevá cóncentración al final del incremento de tiempp k es calculada como: 

c .. , .• =e,_,_,.+ D. e,_,_, 

. . 

(3.18) 

(3.19) 

20 ... · 
/: . :· 

/ 



bD . (C +C -C · -C.. ) 
:r:ll'(i-~,j) i-l.J+l ij+l _i-!,j-1 I,J-1 

4c.x.::.y 

o oC oc -(bD.,---+ bD •• -) 
OY OY ox 

(bD,.-0c) . -(bv,~) (bv,~) _ (bv,.-0c) 
OY U+% OY U-% ax U+% ax Li-% ---------------------+----------------------

(.:.y) • ·. (t. y)' 

4c.x.::.y 

(.:.e > =~[e (s[ h •. J •• - h..~.•-• J C,J,k ll b C,J,.t-t 

f: '·'·· ll.t 

W [ 
bu.•- bc,J.•-• ]) + c¡t-• .. .::.t 

-e~, .• w,, .. J. 

-... 

. ' ,_ 

1. 

,. 
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MODEL OF SOLUTE TRANSPORT IN GROUND WATER 

/ 

EXPLICACIÓN .. 

• Posición inicial de la partículá 
O Nueva posición de la partícula 
~ línea y dirección. de flujo 

trayectoria calculada de la 
partícula 

Figura 3. 1. Vista parcial de una 
hipotética malla de diferencias 
finitas mostrando la relación 
entre el campo de flujo y el 
movimiento de puntos 

x-
• • 

i,j-1 i•1,j-1 

.; -1. i 

r. 
' 

y 

l • i-1.j·1 • 
-~+l.j·l 

• • • 

Figura 3.2. Vista parcial de una 
hipotética malla de diferencias 

' finitas mostrando áreas sobre 
las cuales la interpolación 
bilineal es usada para calcular 
la velocidad en un J punto. 
Nótese que cada área de 
influencia e igual a l/2 del área 
de una celda 

• 

• 

' . ' .. 

-. 

• 

1 •• 
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MODEL OF SOLUTE TRANSPORT IN GROUND WATER 
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Figura 3.3 Diagrama de ·flujo simplificado ilustrando las principales 
. etapas en el procedimiento de cálculo 
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2. El Método de Elemento Finito 
2.1. Flujo estable. 

Considérese flujo estable de agua subterránea en el acuífero de transmisividad T, 
mostrado en la figura 2,.1. El acuífero es freático; con flujo desde el acuífero inferior, 
éste con un nivel conocido. La ecuación diferencial básica puede ser escrita como: 

iJ( éh) iJ( éh) h-h' iJx TiJx +0' T,ry +1--c-=0 (2.1.1) 

donde 1 es la infiltración, hes el nivel en el acuífero, h' es el nivel del acuífero 
inferior conocido, e es la resistencia del material separando los dos acuíferos .. El último 
término representa el flujo de infiltración hacia el acuífero. La transmisividad del 
acuífero superior es T=kb, donde k es conductividad y b es el espesor de la capa de 
agua. 

La ecuación debe satisfacerse en una región R en el plano x-y. Las condiciones de 
frontera especificadas son 

...... (2.1.2) 

S T 0h = b en 2 : iJi¡ q (2.1.3) 

En el método de elemento finito la R, en la cual se da el flujo, es subdividida en 
un gran número de pequeños elementos, en los que el nivel de agua subterránea es 
aproximado p(Jr alguna función' simple .. La forma más simple de subdividir la región es 
mediante el uso de elementos triangulares (Figura 2.2). 

Las formas ·más simples de aproximar las variaciones de nivel dentro de un 
elemento triangular es asumiendo que el nivel varía linealmente en cada elemento (Figura 
2.3). La .superficie generad;! defmida por los valores nodales, es una superficie continua; 
las J}endientes son discontinuas a través de las. fronteras de los elementos. El nivel del 
agua subterránea en un punto dentro de un elemento es definido por una interpolación 
lineal entre los valores en los puntos de la malla o nodos. 

Formalmente, el nivel piezométrico h a través de la región puede ser expresado 
por 

''" - .. _ 

" h= ¿N,(x,y)h, (2.1.4) 
•=1 

- - ... 

-· > 
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donde h¡ es el nivel del nodo i y N¡ es una función base definida por 

N, = 1, si j = i, N = O · si J. 7c i 
J ' .,._ (2.1.5) 

con interpolación lineal dentro de cada elemento. Una función base típica es 
mostrada en la figura (2.4). · · 

La función de interpolación también puede ser usada para el nivel conocido en el 
acuífero inferior y se puede escribir como: · 

n 

h'= "i.N,(x,y}h,' (2.1.6) 
1=1 

·En general, la aproximación (2.1.4) no satisfará exactamente la ecuación 
diferencial parcial (2.1.1). Esta condición es relajada requiriendo que la ecuación 
diferencial se ·satisfaga sólo en el promedio, usando un número de funciones de peso, 

· igual al número de incógnitas. Este es llamado el método de residuos pesados. 

·· Lo más conveniente _es usar las funciones base también como funciones de peso, 
éste es el Métodos de Galerkin. Lo anterior. conauce a las siguientes condiciones:_ 

J{[_!_(r ih)+_!_(r ih)+I- h-h']N.}dx'dy =o 
R t3x t3x cy ¿y --e-~··- (2.1.7) 

_ .•. (i E e) •-

que deben ser satisfech¡¡s para cada valor de i; para el cual h¡ es desconocida._, La integral 
en (2.1. 7) puede ser separadá en d()S partes: • 

~-~· -_. 

·[a(-ih)·-8( ih)]. ··.'o(···-¿:h)--í3{c ih) - T- +- T- N=- NT- +-" NT-
éJx éJx bY ¿y . Ox. Ox ¿y :¿y 

. . - . . ( -_- ·:_ T t3N, éh..:. T t3N, ()¡ -
2.1.8) 

éJx éJx -¿y ¿y 

· , sustituyendo (2.1.8) en (2.1.7), junto con (2.-1.4) y (2.1.6), nos da: 

J, +J2 +J, =0 (i EC) - (2.1.9)_ 

donde, j 1; 12 y 13 son tres integrales definidaS por: 

9 .. 

--.·· 



(2.1.10) 

(2.1.11) 

..,, __ 

(2.1.12) 

La sumatoria en la segunda y tercera integrales, debe ser ejecutada sobre todos los 
valores de j desde l hasta n, donde n es el número de nodos. La ecuación (2.1.9) es la 
ecuación básica del método de elementos finitos. Cada una de las integrales va a ser'. 
evaluada separadamente. ..,. ....... 

2. l. l. Lit pri merain tegral. · 

La primera integral, expresada por (2.1.10), puede ser transformada en una 
integral de línea a lo largo de_ la frontera S de ·la región -R por el Teorema de la 
Divergencia (o Teorema de Gauss). Esto nos da 

(2,J .3) . 

Lós · valores de· i son restringidos a los números de nodo donde el nivel es 
desconocido, los vaÍores de i para los puntos :en los segmentos de frontera S¡ son 
excluidos. Así, la integral en la parte derecha: de la ecuación se restringe a valores 
localizados eii la frontera s2. 

El valor de la función de suministro a lo largo de un elemento de frontera es q¡JJ 
y la longitud de tal parte de la frontera esLk. ~A lo largo de dos segmentos de línea.el 
valor promedio de N¡ es 1/2 y la integral será Ia'suma de dos valores, uno en la izquierda 
y otro en la derecha ·del nodo i._ ... E.sta suma será denotada por Q¡. Físicamente esto 
significa que el agua total suministrada a lo largo de un elemento de frontera es atribuida. 
a los dos nodos en sus extremos. Por lo tanto: -·· · -

(2.1.14) 

- .. 
10 



(2.1.15) 

2.1.2. La segunda integral. 

La segunda integral puede ser definida formalmente como: 

J = -J{r" h [ iJN, iJN, +iJN, t3NI Jr dy =-"'P h 
2 ~ 1 t3x t3x ;¡, ;¡,, .t... '1 1 

R J V.)' V.)' ) 

(2.1.16) 

donde la sumatoria del lado derecho es sobre los elementos Rp incluidos en el dominio R, · 
donde 

(2.1.17) 

para evaluar esta integral, se toma en cue~t;a _que las contribuciones a esta integral solo 
existen si el elemento Rp contiene ambos nodos i y j. Si uno u otro nodo no pertenece e 
este elemento la· función base se hace cero y de esta manera rio hay contribución a la· 
integral. Así nos podemos restringir a elementos que contengan a ambos nodos. 

· Como las funciones base son lineales podemos escribir: 

~- N,(x,y)=p,x+q,y+r,,· N
1
(x,y)=p

1
x+q

1
y+r

1 
(2.1.18) 

.. donde los coeficientes p¡, Pj• etc., son constantes. ·si lo's tres nodos Rp son den~_J?inados 
por j, k y 1 (donde ipuede ser cualquiera de ellos), entonces Nj debe ser 1 en el nodo j, y 
O en los nodos k y 1, por lo tanto: 

pix
1 

+q
1
y

1 
+r1 ·= 1, p;x. +q,y. +r, =O, p;x1 +q1y1 +r1 ~O 

este es un sistema de ecuaciones- ·simultáneas con tres incógnitas,· la solución a este 
sistema es: 

. 

p
1 

= b
1 

1 D, _q
1 

=e, 1 D, r, ,;d
1 

/ D( ................. 2.1.19) 

donde ~-·· 

b,_ ='Y. -:Y,, b•,; y,- Y,, b, =Y,- Y. 

c1 =x1 ~xk, .ct=xi-x,, ~~ = xk- x, 

d
1 
= x,y; - x,y., d• =!';Ji;- x1y1 , d1 = x,y. - x.y, 

D = xi, +x•b• +x1b1 - ·-
(2, 1.20) 

La cantidad D es el determi_nante del sistemá''de ecuaciones. Para la evaluación· de la 
· integral (2.1.17) las cantidades necesarias son: 

11 
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iJN, 
iJx = p,, 

iJN - iJN iJN 
'-p '-q '-q iJx - J' ry - " ¿y - 1 

Si asumimos que la transmisividad Tes constante, Tp a través del elemento Rp, entonces 
obtenemos: · 

P,, = TPAP{b,b, +c,cJ! D' 

donde Ap es el área del elementoRp, cuya fórmula alternativa es Ap = l11DI _ 
La expresión formal para los coeficientes Pij es: 

P,, = 2~;¡ { b,b, + c,cJ 

sustituyendo,(2.1.21) en (2.1.16) da, para la segunda integral: 

donde los coeficientes Pij son definidos por (2.1.21). 

2.1.3: La Tercera Integral. 
·.-: -~ 

(2.1.21) 

(2.1.22) 

-. 

La tercera integral definida por (2.1.12), puede ser considerada en dos partes. La 
primera es la integral de la infiltración /, 

J 3_1 = J {!N,}dx dy -- (i E C)(i.l.23) _. 
R 

La integral sobre un elemento Rp, expresa el promedio del producto lpN¡ en ese _ 
elemento, multiplicada por el área ·del elemento. Como lp es constante, .el promedio de 
N¡ es 113, y· et área··del elemento triangular es l11DI la primera parte de la tercera 
integral es: -

J,_, = IPIDI/6 (; ERP) (2. ¡.24) 

Físicamente significa que la infi1tración.del elemento !1lp 1 D 1 , es distribuida· en 
los tres nodos del elemento triangular. Se puede también escribir: _ .. - - · -

J,_, ~ Q, (;E e) - - --(2.1.25) 

donde -Q¡ ahora representa la parte de la infiltración atribuible al nodo i. Para los 
elementos para los cuales el elemento i pertenece tenemos: 

Q, = !Pibi/6 (; ERP) . (2.1.26) 

· La segunda parte de la tercera iñtegral es: 

J,~2 =-!Ü~N.~,(h,-h:J}dxdy (;~el (2.1.27) 

para el elemento Rp, separando los factores constantes tenemos: _ 

. 12 . 

.... 

_,, 



(2.1.28) 

N, (x,y) = p,x+q,y +r,, N,(x,y)= p
1
x+q

1
y +r1 

Estas integfales toman la fornia más ·simple si el origen de las coordenadas 
coincide con el centroide del elemento, y si esto se asume no se pierde generalidad. En 
este. caso el momento de área de primer orden se elimina: 

J xdx cry =O, (2.1.29) 

El momento de segundo orden puede ser expresado como: 

(2.1.30) 

R, 

Usando (2.1. Í9), (2.1.29) y (2.1.30), la Íntegra! (2.1.28) puede ser escrita como: 

. J,_, =-¿~¡(hj -h'J (2.1.31) 
1 

donde 

(2.1.32) . 

esto completa la teréera integral .. 
. . . 

cbn (2.L 14): (2.-L22), (2.1.24) y (2.1.JÓ, úi formula (2.1 .9) se conviene en: . - - . . . ,- ~ . . ' . . . 

(2.1.33) 

' . .: .. . 

2.2 Flujo estable en un Acuñero Conimado. 

2.2.1. Un Programa Simple. 
.. ~ 

Para mostrar el-método de solución y un programa simple considerando el caso de flujo 
_ estable en un acuífero completamente confinado. Para tal caso, la ecuáción ·diferencial 

básica (2.1.1) se puede simplificar tomando r = O y e = oc. La ecuación resultante es: 

13 
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.· !(r:)+ ~(r:)=o (2.2.1) 

Para este caso el sistema de ecuaciones (2.1.33) se reduce a: 

(2.2.2) 
) 

donde de acuerdo a (2.1.21), los coeficientes Pij son sumatorias sobre todos los 
elementos, cada uno de los cuales hace contribuciones de la forma: 

P, = 2~! {b,h1 +c,~J (2.2.3) 

El programa BY 10- ¡· es posible utilizarlo para resolver primeramente un problema 
simple, como el ilustrado en la figura 2.5. El problema consiste se flujo uniforme de 
izquierda a derecha. Las dimensiones horizontal y vertical de los elementos son iguales a 
l. El nivel del lado izquierdo es de 10, mientras el del derecho es O. La transmisividad es 
1 en todos los elementos. El número de iteraciones es de 50, y el factor de relajación es 
de 1.5; el orden en que los datos deben ser introducido es: 
6,4,50, 1.5, 
0,0, Y, 10,0, 1, Y, 10, l,O,N,O, 1, 1,N,0,2,0, Y,0,2, 1, Y,O, 
1,2,3,1,2;3,4,1,3,4,5,1,4,5,6,1 

- . 

- .._., 
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Figura 2.1. Acuífero freático semiconfinado 

. - . 

Figura 2.2. Dominio R dividido en elementos triangulares 

r 

· ...... 

~--------------------------------x 

Figura i.3. interpolación lineal del nivel dentrÓ de los elementos 
'· 

... 
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Figura 2.4 .. Una función típica 
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·Figur~· 2.5. Problema elemental 
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l. El Método de Diferencias Finitas 
.. •>~<. 

El Método consiste en una aproximación de derivadas parciales ·por expresiones 
algebraicas envolviendo los valores de la variable dependiente en un limitado número de 
puntos seleccionados. 

Como resultado de la aproximación, la ecuación diferencial parcial que describe el 
problema es reemplazada por un número finito de ecuaciones algebraicas, escritas en 
términos de los valores de la variable· dependiente en puntos seleccionados. Las 
ecuaciones son lineales si· las ecuaciones diferenciales parciales son también lineales. 

El valor de los puntos seleccionados se convierten en las incógnitas, en vez de la 
distribución espacial continua de la variable dependiente. El sistema de ecuaciones 
algebraicas debe ser resuelto y puede eiwolver un número largo de operaciones 
aritméticas. 

Antiguamente todos estos cálculos eran realizados manualmente, o por el uso de 
dispositivos mecánicos. En la actualidad, con el advenimiento de las computadoras 
electrónicas las operaciones son ejecutadas por medio de un programa de cómputo. 

1.1. Flujo Estable · 

Para mostrar este método vamos a considerar el ·caso de flujo bi-dimensional 'de 
un fluido en un acuífero homogéneo, isotrópico confinado, sin fuentes o sumideros. Para 
este caso, el flujo es descrito por la ecuación de Laplace: -

(1.1.1) 

Esta ecuación debe ser satisfecha en todos los puntos dentro del dominio R del 
acuífero considerado. En la frontera de R el nivel de~ agua, h, debe satisfacer ciertas 
condiciones de frontera. Vamos a asumir que las condiciones de frontera son: 

en S,: h=f, . -~ .. ; 
(1.1.2) 

·.en S~: Q =~Toh =o 
•· _-on .-

(1.1.3) 

donde Sz y S2 son partes complementarias de la frontera, las cuales juntas forman-la 
frontera total de la región R. En la primera la altura del nivel es prescrito y en la segunda 
la frontera es impérmeable . 

. Una retícula de cuadrados es trazada sobre la región R (figura 1.1). El valor de la . 
variable h en un punto nodal de la retícula, o nodo,. es expresada como- h;,j. donde i -
indica la posición de una linea vertical de la retícula (la columna), y j la línea horizontal 

·de la retícula ( el renglón). 
En general, Ia ¡q¡roximación de la primera derivada con- respecto a x de una 

función F(x,y), es dada por: 

.·,. 

........ 



_., oF F(x+~,y)-F(x,y) 

ó'x 
(1.1.4) 

esta se dice que es la aproximación de diferencia finita hacia adelante de la derivada 
parcial. 

La diferencia finita hacia atrás es obtenida de la forma siguiente: 

oF F(x,y)-F(x-~,y) - "' -'------.::_;__,;___ _ ___:_:_.,:_ 

ó'x ~ 
(1.1.5) 

Existen pequeñas diferencias entre las dos aproximaciones. La diferencia f!.n.ita 
central es a menudo más exacta: . 

_., oF F(x+-j-~,y)-F(x--j-~,y) 
ó'x -~ 

(1.2.6) 

La segunda derivada es la derivada de la primera derivada; y SI utilizamos una 
aproximación de diferencia finita central, obtendremos: · 

if'F F(x+~,y)-2F(x,y)+F(x-lh-,y) 

ó'x' "' (,u.)' 

F.+I,J - 2F,,J + F,.I.J ·. 
(l. l. 7) 

- (~)' 

La fórmula se ilustra en la figura l. 2, donde la función mostrada tiene segunda . 
derivada positiva, por el incremento de la pendiente én la direéción x. 

La aplicación ,de._ (1.1.7)- a las derivadas parciales el (1.1.1) nos· da la 
aproximación ~el· operador de Laplace. Si por razones de simplicidad· se asumen 

. intervalos iguales en las direcciones ·de x· e y: 
- .... ,. - ~ ·, 

iJh + iJh "'h,,,-1 +hi,j+l +h,-1,) +h,+l.j -4h,_, 
ó'x' ¿y' ~2 

-· _-,r.• 

(l. t:.~).. 

como la parte izquierda de la écuación se reduce a cero~segúri lo indica la ecÜación 
diferencial básica (1.1.1), se puede hacer lá aproximación_ requiriendo que: .... -

- h,,, = ¡(h,,j~l +h~f+l +h,_l.j +h,.I.J (1.1.9) .-__ ....... 
Los nodos en . la _ frontera requieren atención especial para acomodar las. 

condiciones de frontera. Una posible condición de frontera es la condición de Dirichlet 
(1.1.2), la cual establece que el nivel del agua subterránea sea el especificado a lo largo 
de parte de la frontera. En este cas~ ésta se prescribe a priori y ya no es una incógnita. 

En un nodo de una· frontera impermeable, a lo largo de la cual una condición de 
frontera de Neumann (1.1.3) es aplicada, el nivel es una incógnita y la ecuación--para ese 

-nodo debe reflejar la condición de no flujo en la frontera. · 

2 
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Para un nodo en una frontera vertical esto puede ser expresado por la condición de 
que h¡. 1 J =h¡ + 1 .F La sustitución en el algoritmo general nos da: 

h,., = ¡(zh,,,., +h,_,., +h,.,.J (1.1.10) 

Un ejemplo simple de una región rectangular es mostrada en la figura 1.3. A lo 
largo 9el límite superior el nivel se especifica como 100. En la esquina inferior izquierda 
es especificado el nivel cero. La estimación inicial pll:fa los nodos con valor desconocido 
se considera con el valor promedio de so: 

En la primera parte de la figura se muestran las condiciones iniciales. Estas no 
satisfacen la ecuación (1.1.9). Son corregidas aplicando la aproximación en una siguiente 
iteración del programa, y el resultado se muestra en la parte central de la figura. 
Tampoco se satisface la ecuación (1.1.9). 

Después de un número dado de iteraciones, en cada una de las cuales todos los 
· valores son actualizados, la solución correcta es obtenida y representada en la parte 

derecha de la figura. 
El método descrito es denominado de relajación, porque en cada paso los errores 

son relajados. En terminología matemática el método de relajación es también conocido 
como el método de Gauss-Seidel. · · 

Como un ejemplo, el programa BY9-l puede ser utilizado para resolver el 
. problema ilustrado en la figura 1.4. En esa figura las condiciones de frontera son un nivel · 
prescrito de h ·= 1, a lo largo de las fronteras superior y derecha y un nivel dado de h = 
O, en la· esquina inferior izquierda. · 

El programa inicia preguntando el número de lineas en las direcciones x e y; aquí 
el húmero 6 debe ser.dado. A continuación el programa pregunta las coordenadas X de las ... 
líneas verticales; e~e debe responder o; 1;·' 2,' .. ( 8, 16, sucesiv.amente. ·Para las 
coordenadas en y, ·¡a respuesta debe ser la misma secuencia. A continuación las . 
. condiciones de frontera deben ser dadas. Para .el caso de la figura 1.4 existen 12 nodos 

· que especif¡~;. RQr ejemplo, para i= l,j= 1: h=O, para i=6, j=6:h= 1, etc. 
' '" 

Los datos de salida para. 36 iteraciones para los nodos en la frontera impermeable 
son: > :;; 

h = o:ooo, 0.363, 0.530, 0.686, 0.839, 1.000. 

1.2. Flujo no estable. 

La ecúación 'diferencial parcial básica para flujo no estable en un acuífero 
homogéneo e isotrópico,' con la posibilidad de suministro de agua por infiltración, puede 
ser escrita como: 

, ... 
3 
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(1.2.1) 

donde 1 es . una función fuente, representando ·la infiltración (negativa para 
evapotranspiración). Tes la transmisividad y S es el almacenamiento. La formulación 
completa requiere especificar condiciones de frontera e iniciales como en el caso de flujo 
estable. En parte deJa frontera el nivel es dado y en el resto es impermeable, esto ·es, 

enS,: h=f, - -~~· ·-

en S2 : 

Las condiciones iniciales son: 

1 = 0: h = h0 

donde, ho es una función conocida, especificada a través de todo el dominio R. 

(1.2.2)" 

(1.2.3) 

(1.2.4) 

La derivada en el tiempo es aproximada por una diferencia finita hacia· adelante, 
porque el problema es predecir los valores futuros de los niveles a partir de los valores 
iniciales. Por lo tanto, se introduce la aproximación: 

éh h' •. } ._h,~J 
-= 
iJt M 

. (1.2.5) 

donde delta t es la magilitud del paso de tiempo y h' es el valor del nivel al final 
del paso de tiempo . 

. 1.2.1. Método explícito. 

La opción de aproximación más simple.de las derivadas espaciales es asumir que 
en (l. l. 8) todos los valores de niveles se consideran en el inicio del tiempo. Después de 
la sustitución de varias aproximáciones en (1.2.1) se obtiene 

· . h;,_
1 
~ h,~1 + IÚ 1 s~-a(~~~.} + h,~;.j- 2~~J + ¡j._~•J_, + h.~1 ;, .,. 2~~J . (1.2;6) 

donde las constantes se definen por: . . .. 

a~ TM /[s(llr)'] (1.2. 7) 

P= nrl[s(Lly)'] (1.2.8) 

La ecuación (1.2.6) expresa el nuevo valor deL nivel en términos -de ·valores 
·iniciales en ese nodo y en sus ·vecinos inmediatos. Como todos estos valores ·son 
conocidos el proceso es llamado expllciro. 
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El programa BV9-2 se puede usar considerando el ejemplo de una región cuadrada 
de dimensiones 100 m. por IOO m., teniendo una transmisividad T = 10 m/d, un 
almacenamiento S = 0.4 y una infiltración de 0.001 m/d. Para este caso el programa 
propone un paso de tiempo de un día. 

Una posible malla para el problema se muestra en la parte izquierda de la figura 
1.5. El orden en el cual los datos deben ser introducidos es: 100, 10, 100, 10, O, 0.001, 
10, 0.4,_ 1, 100. El resultado para el nivel en el centro como función del tiempo se 
muestra en la parte derecha de la figura.-

1.2.2. Método implícito ... 

Como una aproximación alternativa, podemos tomar la derivada espacial al final 
del paso de tiempo, a la mitad del paso de tiempo, o en. general, en algún punto 
intermedio: 

(1.2.9) 

- donde e es un parámetro de interpolación de valor entre O y l. Cuando e = _O el 
valor de h¡J equivale al valor al final del paso del tiempo, h 'i,j· En- ese caso la 
aproximación de la ecuación básica (1.2.1) es: -- · -· _ 

h',_1 = h,~;+ /!:J.t 1 S+ a(h',_,_, +h',.,_, -2h',.J + ¡J.._h',_1_1 +h',_,., 0.:2h'.J - (L2.10) · 

Esta es la ecuación para el método completamente implícito. El uso del método 
iterativo de Gauss-Seidel, sugiere que se puede utilizar para formular la ecuación en la 
forma: · .. , · 

h',_1 = [ h,~, + l!:J.t 1 S+ a(h',_,_, +h',.,.J+ ¡i..,h',_,_, +h',_,., )]!( 1 + 2a+ 2/J) (1.2.11) 

El proceso· iterativo definido por el algoritmo (1.2.11) produce un número de-
cálculos por paso de tiempo mayores comparados con-el método explícito. Sin embargo, 
esto es_ balanceado por el hecho de que el proceso es estable para todos los tamaños del'· 
paso de tiempo. Así, éstos pueden -ser más largos-cuando el proceso se hace más lento. -

- El programa BV9-3 realiza los cálculospara el método completamente implícito. 
Para resolver el problema ilustrado en la figura 9.5, los datos de entrada deben ser: lOO, 
10, 100, 10, O, 0.001, 10, 0.4, 1, 10, 20, LS, si el número de iteraciones en cada paso 
de tiempo es 20 y el _factor de relajación es 1.5. - -

Si en lugar de tomar e = O, se toma e = 112, resultará una formulación más 
exacta conocida como ·el Esquema Crank-Nicholson, ésta es muy ·exacta e 
incondicionalmente estable. -El método completamente implícito tiene la importante
ventaja de que tam~ién puede.ser usado para estudiar problemas de flujo estable. 
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1.3 Convergencia y Estabilidad 

1.3.1 Convergencia 

La condición de convergencia es difícil de verificar, ya que esta condición 
establece que la solución de la ecuación numérica se aproxima a la solución con ecuación 
diferencial parcial original si todos los intervalos finitos tienden a cero. Esto puede ser 
demostrado en forma general en algunos casos simples, como los problemas en una 
dimensión, para los cuales la solución numérica puede ser expresada en forma cerrada. 
En muchas aplicaciones en la práctica de ingeniería, es imposible probar la convergencia 
en forma rigurosa. De allí que es usualmente considerado suficiente si el procedimiento 
numérico ha sido verificado con respecto a una variedad de soluciones analíticas. 

1.3. 2 Estabilidad 

Una condición necesaria para la convergencia es que los errores, por ejemplo los 
debidos al redondeo, no se incrementen con en tiempo. Esta es la llamada la condición de 
estabilidad. Es una condición tan importante que implica ciertas restricciones al tamaño 
d~l paso de tiempo en un proceso explícito. , .-

El primer caso a considerar es el- método explícito para·. problemas de flujo 
inestable descrito en (1.2.6), 

- -· - - - -

h',_, ~h.~, +!M 1 S+ J.g,, +-h,~~~ :_ 2h,~J ~ ti,h,~1 _ 1 + h,~1 ., - 2h,~J (1.3.1) 

donde las ·a. y 13 se definen por: 

a~ rt.ú[s(fu)'] (1.3.2) 

_ P= Tt.t![s(t.y)'] · (1.3.3) 

Como el sistema de ecuácione5 es lineal, -es··suficiente investigar la propagación de . 
la distribución del error, considerado como la·desviación de la solución particular h = O 
de la ecuación homogénea· (con l = or· Para-:acentuar el efecto se asume que en cierto 
tiempo los errores son:_ -.. · · · ·~ · . · 

ho ~- =ho -~-= ho = ho =- ~ ho = 
i-LJ , r+!.J 1 J-I ,,¡+\ _ co, 1:1 E - - . . . ~ 

de (1.3.Ir;h',_,-=(Í-4a-4p)e. - · (1.3.4) 
--- ..... \.-- . . .. 

Para que los errores no crezcan, este resultado debe ser menor que E, ·y mayor que 
-e. De otra manera cada error será inayor que el previo y crecerá sin límite en el tiempo. 
Con (1.3.2) y (1.3.3) esto conduce a la siguiente condición 'para el valor del paso de · 
tiempo -.11 · · . ~- . · - · 

. . . 1 S (ú)'(t.y)' _ 
D<fil< · 2 2 . 

, 2 T (t.x) +(Ay) -
(1.3.5) 
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El proceso implícito presentado en la sección 1.2 es·incondicionalmente estable, lo 
cual significa que para todos los valores (positivos) del paso de tiempo, los errores se 
disiparán con el tiempo. Esto puede ser demostrado probando que la amplitud de 
cualquier componente de una serie de Fourier decrecerá con· el tiempo. El caso Más 
simple es el del eq!,livalente en una dimensión de ·la ecuación (1.2.10), en ausencia de 
infiltración, 

h' - h0 + a{h' '+h' -2h' ) 
/,) - 1,) i-l,J l+l,J /,} (1.3.6) 

Ahora considérese un componente del error, el cual puede ser descrito por 

h0 =A exp(iwx), h'= B exp(iwx) (1.3.7) 

donde w es la frecuencia de esta componente de la representación en series de Fourier del 
error, A es su amplitud inicial, y B es su amplitud después del paso de tiempo. 
Substituyendo (1.3. 7) en (1.3.6) nos da 

A a( . ·-=1+2 1-cos(w~x)] 
B 

(1.3.8) 

Este cociente es siempre mayor que 1, para todos los valores de la frecuencia w o 
de la dimensión de iiempÜ a, sin dimensiones. De aquí podemos concluir cjue 'el proceso 
es siempre estable. 

El criterio éle estabilidad (1.3.5) ha sido incorporado ·en el programa BV9-2, 
donde es usado para sugerir al usuario un valor para el paso de tiempo. En el programa 
BV9-3, es usado para sugerir un valor para el primer paso de tiempo.· 
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Figura 1.4. Ejemplo resuelto por el método de diferencias finitas 
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SIMULACION COMPUTACIONAL DE fLUJO EN MEDIOS POROSOS SATURADOS 

Rodrigo Hcdina Bafiuelos 

Introducción: 

El análisis del comportamiento observado de un acuífero, y_ la predicción 

de su evolución futura, son objetivos importantes que se pretende alcanzar 

mediante una serie de estudios multldisclpllnarlos que permiten simular el 

movimiento del agua en medios porosos. 

La implementación de. un modelo -numérico de s·Lmulaclón requiere de 

información proveniente de diversas disciplinas: Los resultados 

~róporclonados por estudios geológicos,· geofislcos,. hldroeeoquimicos, 

hidráulicos, climatológicos,. etc. constituyen Los archivos de datos que 

caracteriz~n al acuífero estudiado. 

La metodología que,~se emplea en el proceso· de modelación numcrlca, e-
consiste-en obtener una solución aproximada-de-la ecuación diferencial que . . - ..,,, .. 
gobierna el movlmi'ento del agua en un medio poroso saturado. La reeión de 

. simulaCión se define de acuerdo a la geometría·. del sistema. acuífero 

estudiado,· y se· le. Imponen condlci~nes de frontera justificables _por la 
J 

geología· y la hldráut1:ca· subterránea. Adlclona·lmente, para la "'solución 

·transitoria· se requiere dé ~ondlclones iriiclales ·(observada.a··o deducidas) 
.. 

para·el tiempo de Ln(clo de La simulación. 

Una vez que se dispone de .los archivos de datos, el al¡¡órltmo numcrlco·de 

_ solueoi-ón de. ta :e-~uación de flujo, condiciones Iniciales ·y de. frontera 

~speciflcados, ·se proc~de a ejecutar _las simulaciones de calibraciÓn del 

sistema,<-· enfocadas a reproducir el comportamiento- observado·. ·•·La 

inc;er'tldumbre en l'os' valores asignados a los parámetros hldrá:ulicos y á la. 

recarga del sls~_ema, entre otros· factores, ·pueden conduclr a una 

discrepancia ,entje l~s niveles piezométricos observados Y- los simulados. 

La calibración del modiO'l<>- consiste en modificar los archivos de datos 

propuestos originalmente, hasta obtener un funcionamiento del sistema que 

sea similirr al observado históricamente._ 

l. 
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Las simulaciones predictivas se realizan utilizando los archivos de datos 

calibrados y permiten prever el comportamiento que el sistema acuífero 

adoptarA en el futuro al ser sometido a diversas políticas de explotación. 

Las configuraciones de niveles piezomélricos obtenidas mediante 

simulacio'nes predictlvas, son determinantes en la toma de decisiones para

el manejo racional de los_ recursos hidráulicos y para el disef10 de las 

estructuras requeridas. 

En los subcapitulos siguientes se presentan algunos aspectos importantes 

del proceso de simulación numérica, entre estos la deducción de la 

ecuación diferencial que describe el movimiento del agua en medios 

porosos, -algunos comentarlos acerca de los problemas con valores a la 

frontera, un ejemplo del procédlmienlo de solución analítica de un 

problema con vaíores a la frontera, y finalmente un articulo referente a 

la simulación numérica del acuífero de San Luis Polos! que ilustra 

concretamente la metodología expuesta. 
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DEDUCCION DE LA ECUACION DIFERENCIAL DE FLUJO EN MEDIOS POROSOS 

La deducción de la ecuación de flujo para un medio poroso saturado se 

puede realizar mediante· un balance de materia en un volumen de control: 

d 
pv,- dZ (pv,l 

pv, 

P-.\1 z 

Según la ecuación de contlnuldad._(Ley·de Conservación de la· Materia),· las 

entradas (E) menos las salidas (S) en un sistema, son ~guates al cambio de_ 

volumen almacenado dentro· del mismo (óV) . 

. E-S=óV 

por unidad de tiempo a través _de una cara dei volumen de 

se puede expres~r __ como p_vA 

' ..... ·. 

. p_ = Densidad del fluido . ( -11~ :·) : --· - J .· . . L . 

v = Descarga especifica [ ~- -l -.. · -.: .•.. "' 
·- .... 

Las entradas menos las salidas en-la dirección X serán: 

-. 

pvx !>y óz.- [ pvx~+_ a tpvx) :·L ] óy 6z 
. · ax 

., 

'- J· 

··' 
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Análogament<¡l: 

en la dirección y: 

pvy llx llz -

en la direccfón z: 

... ·""":;.. 
pvz llx lly - [ pvz + 

a(pvy)lly] llx llz 
ay 

] llx lly 

Las énlradas menos las salidas en· él volumen de control serán: 

[ 
a(pvx). + 

ax 

a(pvy) 

ay 
+ a(pvz) ] 

az 

Dividiendo entre el volumen llx lly llz, se obtiene el (;¡¡mbio en el 

almacenamiento··por unidad de volumen del sistema: 

liV = ~ [ =.a .:.!( P:;_V_:.X:.:.) a .( p V y ) .+ + 
ax ay 

á(pvz) 

az 
( 1 ) 

Para un sistema eri-·estado estacionario la variación del vo"lumen .¡¡l.~accn¡¡do 

.con res~ecto· al tiempo (llv) es Igual.~ cero: 

... 

- . 
Suponiendo densidad del f_luído. ·constante: 

' ' :.-.· la:: 
.. 

a:: 1 + 
avy 

+ = o 
ay 

._-__ . --.-
(2) 

.. 
-··. 

. -~- -

Sustituyendo la ecuación de Darcy: 

V = -: K en cada componente 
_ .... 

. :..--
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a 
( 3) 

.ax 

Suponiendo que el material es isotrópicó (Kx = Ky = Kz) y homog~nco (K = 
cte). 

= o ( 4) 

Esta ecuación es conocida como la Ecuación de Laplace y es de gran 

utilidad en hldrogeología. La solución de esta ecuación describe el valor 

de la carga hldrául ica en estado estacionario en cualquier punto -en una 

región tridimensional. 

Flujo transitorio en medio saturado. 

La ley de conservación de_ masa. requiere que la masa que se almacena por .. 

unidad de tiempo ·por unidad de volumen dentro _del volumen de control,· sea 

igual a la vari'ación con respecto al . .tiempo de la •densidad ii del fluido 

que se encuentra dentro de los poros del material ·limitado por el volumen 

de control ·· 

,:.· ...... 
[ 

a(pvx) + a(pvy) + a(pvz) ] 

ax . ay az 
= .,Gl (¡m) 

at · 

donde n es la porosidad del material. 

·Desarrollando el lado. derecho' de 1a ecuaci6n. 

~-[a(pvxÍ 
';.,..~. " 

r••- a(pvy) a(pvz) 
+· + ]= n 

.·. .-ax . ay az · '·• . 

"' . . .. - ...... 
.. 

ap an 
+ p 

at at 

. ( 5) 

'~- .-. .... 
~-. ,. ::.·-· 

( 6) 

" 

~-- ap es la masa práducida por la expansión del ·agua por . .unidad 
- at 

de tiempo cuando cambia su densidad. 

an . 
p--es ·la masa producida por· ·la compactación del medio· poroso 

.at .. 
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por unidad de tiempo cuando cambia su porosidad. 

Se puede demostrar que el cambio en p y el cambio en n se producen al 

variar la carga hidráulica h, y que el volumen de agua producido por los 2 

mecanismos cuando la carga hidráulica h disminuye una unidad, es Ss 

(coeficient~ de almacenamiento específico· (L- 1
)) 

Ss·= pg(a+nlll 

« = compresibilidad de la matriz sólida 

ll = compresibilidad del fluido 

El cambio de masa de fluido almacenado por unidad de tiempo es: 

ah 
t;V .= p Ss 

- at 

La ecuación (6) se puede expresar como:· 

._ a(pvx) 

ax 
a(pvy) _ a(pvz). = 

ay az 
P ss· ah. 

at 

( 7) . 

( 8) 

( 9) 

Desarrollando los términos del lado izquierdo por medio de la regla de la 

cadena, y considerando _que' 
ap· 

vx ax' 

avx 
los. términos p ax son mucho mayores que los 

y sustituyendo la Ley-de Darcy, se obtiene: 

Ss ah ( 1 o) = - .. .. 
at 

... 
Considerando .medio isótropo: Kx - K y = Kz 

.. 

( 11 ) a2h a2h a 2 h · -~ss ah + - + = 
,. . ax 2 ay 2 _az 2· K at 

" -· ~·. 

. ( 12) 

( -
a2h · a 2h a2 h S .ah + + = 

ax 2 :ay 2 az 2 T at 

.. 
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Esta ecuación se conoce como la ecuación de difusión. La solución 

h(x, y, z, t) describe el valor de la carga_ hidráulica en cualquier punto 

(x, y, z)--de la reglón para cualqurer tiempo t. -. ,. 

Problemas con valores a la frontera 

Un problema de valores a la frontera es un modelo matemático 

La t-écnica de análisis de un problema de ·v:.lores a la frontera es un 

proceso de:4 pasos: 

1} 
2) . 

3) 
4) 

Examen del problema físico 
Planteamiento del problema físico. en términos· de un problema· 
matemático equivalente 
Solución del problema matemático con técnicas matemáticas 
Inte~pretación de los resultados matemáticos en términos del problema 
físico. 

Los problemas de flujo en medios porosos dan lugar. a un problema 

matemátic~ de.la _forma de problema.con valores a la frontera. 

Para definir· completamente. un problema transitorio ·de valores a la 

frontera en flujo subterráneo· se necesita conocer: 

1 ) 
2) 
3) 
4)" 
5) 

El tamaño y forma_de la región de flujo (geometría del sistema) 
La ecuación de flujo dentro de la región · 
Las condi~iones de frontera ~!rededor de la región 
Las· condiciones Iniciales en la reglón . . 
La distribución· espacial de· · l.o·s parametros hidrogeológicos 

·controlan el. flujo 
Un méto-do matematt"co de soluclóri 

--~ ... 

q_lle . 

' - ~ . 

Si el problema ·con ·vaío/es a )a, fr.Qntéra es para estago estacionario, no 

se requfere·· conocer. las condiciones Iniciales del sistema . 
. - .- -. ~ . 

Los ·métodos: de _solución para .un problema con valores a la· frontera ·pueden 

·ser <::lasiií.cados-. É!i-.~5~ enfoques: 
- .. ·· 

1 ) Solución' por· 
. 2) ·Solución por 

3) Solución por 
4) Solución por 
5) Solución por 

-· - -
inspección . . . 
técnicas gráficas (redes de flujo) . 
modelos analógicos ·(circuitos cl~~'trlcos) 
técnicas.matematicas analíticas. 
téénlcas matematicas numéricas (modelos computacionales) 

·-.. 

1; -

.; .. · 
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Ejemplo de una solución analítica a un prob~ema de valores a la frontera 

Considere el problema de flujo sublerrAneo mostrado en las figuras: 

y 

= A 
/l/lll/1///ll/1 

8 y YL 
k = K 

h = ho 1 h hl = .E 

y = o o;;;;;;;;;;;;;; e X 

... 

X = O X = XL 

La ecuación ""de flujo en dos dimensiones para flujo eri zona saturada y 

estado-estacionarlo es: 

+ = o ( 1 ) 

La expresión matemAtica de las con'dlciones de frontera es: 

ah o o (2) 
ay = en y = y y = yL 

h = hO en X = o - - - (3) 

h = hl en X = XL ( 4) 

. . 
Se obtendrA h (x, YL_llsando la técnica de sepa·ración de variables: 

Se supone .en el método. ·de separación de variables que la solución es un 

producto de la forma:. 

. h(x,yl = ··x(xJ Y(y) 

La ecuación (1) se expresa ahora ·como: 

+. X 

8 

-z a Y 
a z . y 

... --

. .. 

(5) . 

= o - - - (6) 
. - ,-

. _ . 
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Dividiendo entre X Y se _obti-ene: 

= - - - (7) 

El lado izquierdo es !~dependiente de y. El lado derecho, a pesar de su 

apariencia, debe ser independiente de y, debido a que es igual al lado 

izquierdo. Análogamente, el lado derecho es independiente· de· x, y_ 

también· el lado izquierdo. 51 los dos términos -de la ecuación son 

independientes de x y y, ·cada término debe ser igual a una constante. 

- entonces: 

·y 1 az y 
G y ~2 = 

a Y 
- - - (8) 

La constante G puede ser positiva, negativa· o cero. Los 3 casos conducen 

a ... una sol_'Jción tipo pr<;>du~to. Pero sólo el "caso G = O dá lugar a una· 

solucl_ón que tiene slgnlfl"cado físico para este -problema. Por lo tanto: 

= o -y (9) 

-Es.t.as son ecuac"lones diferenciales ordinarias cuyas_ soluciones son bien· 

coiloc idas: 

-- X = Ax + 8 .-.· -
- . 

La· solución producto (5) es: 
, .. 

-·. 
h (x, y) 

Los coeficientes A, 8, · C y 

frontel'a: DiferenCiando (11) 

y 

_,.._._. 

y = Cy + D- - -.-·(JO) 

.- ,:},-

= (Ax + Bl (Cy + D) ( 11 ) 

·-. 
-

D se evaluan· mediante_ las condiciones ·de.,_ .. 

con respecto a_y se obtiene: 

ah 
ay- = (Ax + 8)C (12) 

. - , . 
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La· condición de frontera (2) implica que C = O. La ecuación (11) queda 

como: 

h(x,y) = (Ax + B)D = Ex+ F 

De acuerdo a las condiciones de frontera (3) y (4); 

F =ha y E = -(ha- h1)/XL. La solución es entonces: 

- ,t'" l" -· ..... . h(x,y) = ha -(ha- h1) x 
XL 

---(13) 

( 14) 

Se aprecia claramente que· la ecuación ( 14) satisface las condiclones .... de. 

frontera (3) y (4). La derivada con 'respecto a y es igual a cero 

satisfaciendo la condición (2)' La segunda-. derivada de ·h(x, y) con 

respecto a x también es igual a cero. Por lo tanto la solución (14) 

·satisface la ·ecuación de flujo (1). 
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EVALUATION OF HYDROTHERMAL SOURCES THAT SUSTAIN AN 
OVEREXPLOITED AQUIFER AT SAN LUIS POTOSI, HEXICO. 

I. HERRERA, R. MEDINA, L. CHARGOY & J. CARRILLO 
Instituto de Geof1s1ca, UNAM, Mexico City 

Apdo. Postal 22-582, 14000 Mexico, D.F., Mexlco 

· ABSTRACT. A numerlcal model 1s 1mplemented for the aqulfer of the Clty of San 
Luis Potosi, which takes into account the contribution of an underlying 
thermal source. Previously, 1t was thought to be overexplolted. By means of 
the numerlcal model, it is.shown that this ls not the case, because there ls a 
contrlbution from the underlying thermaf ·source. Since the propertles of the 
thermal source are not known, the procedure used to lncorporate them ls to 
adjust the values of the vertical hydraullc conductlvlty between the thermal 
sóurce and.the aqulfer untll the ~ctual plezometrlc levels in the aqulfer were 
reproduced. For thls case study, such a procedure has produced useful results . 

INTR_ODUC"fiON. 

The Valley of San Luis Potosi, ls located in the hlgh plateau of the Republlc 
of Mexlco (Flg. 1) and. lt · lles in ·the seml-arid reglan. The water· demand· of the 

·clty :or San· Luis· Potosi, capital of· the state of the same name, for 
agrJcultural·,, urban and industrial uses, has been steadlly -lncr·easlng .. Most of 
the water supplled to the city ls_ from-underground sources, because dueto the 
reduced r·ainfall, the surface wate~ co.ntrlbutlon ls_ :smal1 .. _(only 8 r.).· 

There is con~ern wlth respect to the future"evolútlon of .:the aqúlfer, because 
.. in the last few years the observed speed·of drawdown has reached the rate of 
l. 3-m year~1 ;•-·Howev.er, ·v the hydraullc balan~e of the .aqulfer l"s carrled· out 
·taking lnto ·account only wh'at is· known about the aqulfer; the predlcted rate 
of drawdown ls evén· larger. On the· basis of t.hé!'mal;- -chemlcal and hydraunc -
evld-;,nces· •. in· a prevlous study: Instituto de· Geoflslca, UNAM (1988).. lt was_ 
established that. the differencé·s bet\'leen·the.observed and the predlcted rate 

__ of drawdown ls due, tó water ·supplled by deeper· geological formatlons wlth _ 
· .. t-hermal actlvlty. 

Taking lnto account these facts, · lt was declded· to lmplement a numerlcal model 
of the aqulfer_ to · lmprove the underst¡¡_ndlng of 1 ts behavlor, speclally wlth 
resp'éCt lo the deep thermal· sources; and to predict the system behavior under_ 

- dlfferent exploitation pollcles for the next. twenty ·years . 
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. HYDROGEOLOGIC KODEL . •. 

'. 

....... 

.. 

- ¡ 

On · the basls· of the avallable · geologlcál, geophyslcal, plezometrlc aD 

hydrochemlcal lnformatlon, the proposed hydrogeologlcal model of the syste: 
lncludes a "shallow aquifer" of reduced yleld and· poor quallty water. TM 
aqulfer overlies· a "c:;lay fOrmatlon" whlch ln turn confines a deeper aqulfer; 

, .. 

.... 

: .... ·~~ ...... ·. 

·--=-

-

Most of th~ water is pro~Uced at thls "deep aqulfer". · whlch· has .therma _._,_ 
· actlvlty (Flg.2). Below lt, lay the "thermal sources". 
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Qal• Alluvlal depollll, Quaternory. 

Tic:• Contera lonlmbrlll formoHon, Tutlory. 

Tlp• Portezuelo Lot111 !ormotlon, Ter!lcry. 

! Rain. 

f Fault. 

--------

".. Ge~eml oround water flow (eold). 

Tam• Son Mlouellto Rnyolllt tormotlon, Tertlory. ~Warm water flow. 
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Flgure-2, The hydrogeologlcal model 
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In thls figure,· lt can be obsérved, that the system of ¡:-eglonal· flovr-ls 
lmportant for. aqulfer performance, produclng a vertical component of hot 
water. For a detalled geologlcal. d.escrl¡:itlc:m of the system, the reader ls 
referred to the -prevlous study: Instituto de Geof1slca, UNAM (19BBJ..· 

i MODELL IHG · OF 11IE SYSTDI 

:-le and; 
system : 

.r. Thls 
•qulfer. ~ 
thermal' 

-} 

· <·•.·- For the lmplementatlon. of the numerlcal model, a conceptual model of lts 
behavlor was deflned, sultable dlfferentlal equatlons \iere adopted, a computer 
program was selected and lts callbratlon was carrled out uslng the avallable· 
informatfon. The plezometrlc levels produced by the program, were interpolated 
uslng the· package SIJRFER: ·colden Software, Inc., (1989) to ·obtaln a· more 
convenlent graphlcal representatlon.· 

The conceptual model 
.•. 

The ll11lts of the area lncludedo- ln the model·, are shown ln Flg. :i and. were· 
based· ón geologlcal conslderatlons: · -~·-' 

3 
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· The San Higuelito range at the west and the- San Pedro range at the east,' 
const itule natural boundar 1es because _they present condi t1ons of no f low, and 1 
at ·sorne places constant head (Fig. 4). 
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The northern and--southern llmits were selected on the basls of the plezometrlc 
lnformatlon that was avallable --arte!. they were taken as impermeable, because 
there ls evldence that the flow there, ls .. negllglble. The shallow aqulft~_t". 
located on the upper part of the system, functlons as a unl t lndependent of 
the deep aqulfer, because the clay layer that separates._ them ls senslbly 
lmpervlous. Taklng lnto account that most of the water ls produced at the deep 
aqulfer, the purpose of · the model ls the predlctlon of its behavior 
excluslvefy, leavlng aslde the shallow aqulfer. 

The Baslc Equatlon 

The governlng equatlon:used was: 

--- ··~- ,-

~(Kxah) ax ax ar· oh) +- Ky-
8y ay 

+ ~(Kz8h) = az az 

where Ss = speclflc coefflclent of storage· [L-1
) 

·K = Hydraullc conductlvlty [LT-11 

h = Hydraullc head [L) 
... 

t = Time [TI .-...... 

5. 

( 1) 

_ ... _· 

·, 

'· 

.i 



However, the analysls of the flow was malnly two-dlmenslonal, because onl~
horlzontal layers were lncorporated ln the model. 

The computer 
calculatlons. 

cede MODFL0\1: McDonald & Harbaugh, ( 1984), was 
Thls model applles the cells method ·whlch 

dlfferences approxlmatlons. 

u sed 
ylelds 

ln all 
flnlte 

The deep aquifer can be satisfactorlly modelled uslng a 2x2 Km grld and 
applying flnite difference •chemes on them, as lllustrated ln Flg. 4. Layer j · 
lncludes the best knowh part of the system, _where the- value of the hydraullc 
propertles are known or at least can be estlmated. Layer JI was lntroduced te 
model the deeper, less known geologlcal formatlons. whlch supply the thermal 
water. The ·r1ow and interactlon between layers 1 and JI, ls due to· the 
differences of hydraulic head between them. In !ayer 11, lt · was assumed a 
constant hydraulic head that remalned greater than the head of !ayer 1, 
throughout the runs. This induces a vertical component of flow whose· magnltude 
can be adjusted varying the rallo of the hydraullc conductlvlty (Kz) to the 
thlckness of the !ayer where the flow takes place. 

An upper boundary conditlo'ii - of no flow was consldered ln !ayer I, whlch 
corresponds to the clay !ayer whose hydraul1.c conductlvlty ls neglected. In 
the horizontal llmlts of the aqulfer, elther constant head or no flow boundary 
conditlons were considered, as lndicated in Fig. 4. 

CALIBRATION 

In the perlad January 1987- July 1989, 
observatlon wells distrlbuted throughout the 
same time, the pumplng rate was measured 
lndlrect means in others. 

heads were measured monthly . in 
reglan that was modelled. At the 
ln sorne· cases and estimated by. 

In addltlon, the plezometrlc head dlstrlbutlon corres¡Íondlng to 1960, ls
avallable and there are estlmates of the hlstorlcal evoluÚon of the pumplng 
rates. 

The hydraullc propertles of the known part of the aqulfer were obtalned ·by 
means of pumplng tests and also sorne pW!plng tests avallable from prevlous 

. -5 
studies were lnterpreted. · Transmlsslvlty varles between lx10 and. 

-" 2 ..;1 . 8x10 m s .· The calibratlon for !ayer J, started wlth these values and then 
were modlfied on the·basls of the results of the callbration. The propertles 
of !ayer II were adjusted untll the behavlor óf the system was reproduced in a 
satisfactory manner. 

In splte of the additlonal plezometrlc lnformatlon that was avallable, the · 
calibratlon was based on the perlad 1987- 1989, which covers 30.months only. 
Thls was due · to the better quallty of the data far that perlad. ()nce the 

. results af the callbratlan were obtalned,- the data af 1ess quallty that were · 
avallable for the perlad 1960 - 1988, were used to verlfy lt. 

In the evaluation af the starage coefflcients af the reglan madelled, 10 
values that .. were deter.mlned by pumpil)g tests were incarparated. The extensl 
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of the conftntng clay layer was determlned by means of the analysls of the 
prevalllng geolog!cal condltlons (lnferred from well logs) and geophyslcal 
surveys. · The values of the storage coefflc!ents that were used for the cells 

• -4 -J 
that behave as conf!ned, are between 2x10 and 7x10.-.. In the case of cells 
that perform as unconflned, va lues between O. 02 and O. 15, were u sed. 

The lnlt!al runs, us!ng the estlmated values of S and T, led to the 
distrlbutlon of the plezometrlc heads shown ln F!g. 5. 
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Figure 5: Contour ·map of pred!cted piezometric heads, without thermal sources. 
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In this figure the predicted drawdowns deviate · drast1cally from t 
observed, the greatest devlatlons occurrlng ln the area where the the 

. manlfestatlons have been observed (Flg. ·6). 
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The generar conClÚs!on · drálffi fr·om .t}!ese results,
behav ior · canñot be: :p-redicted_'_satlsfactori·ly_ uslng,. the 
T, when only horizontal flow-:-is modelled: ·The yield 
much larger" th~n:-the one-"aorained in .such model'":-_ ' 

~ -

was- that the observed 
observed values of 5 and 
of. the actual system 1s 

The d1screpancy ·between the observed· iiQd_ pré<!icted heads, can be reduced· in 
ene of the follow!ng.mann~rs: ·_. -· ·-· .. 

a.-

b.-

Increaslng the storage coefficien~of the aquifer, considering itas 
unconOned.-ln.all the-region--:-·modelled:-c~' -. 

· !ncorporat1ng:-.addil!onal- sources- oL wate~ in--. the ·cells, where 
.requ!re.d.~· .. ~ _ _ --

---- - ·-----

- ·~ 

-. 

-.. 1 _-_, 
The f1rst . optlon ·1 S.~ unreall st1c,-- -·s!jl!=_~: 1-f-"-_. contradicts . geologic·· evidence · :-----:: -. .1 
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Figure 7: Contour map of predlcted plezometrlc heads, after éallbratlon 

Long period verification 
. 

·As was already mentloned, the lnformatlon avallable for the · pe.rlod 1960 
1988, was used to test the results of the callbrallon. Thus, after the 
callbratlon was completed, a run cover~ng that perlod was carrled.out. 

Taklng the known· lnltlal ·condltlons for 1960 and estlmatlng the evolutlon of 
the rate of pumping in theperiod, the pie.zometrlc heads were predicted, using 
the calibrated model. The results of the slmulation afte·r 29 years, had 
dlfferences .of less than 3 meters between the ·observed and computed heads, in 
the thermal area. This indicates, speclally .taklng lnto account the low 
quallty of the lnformatlon available for the perlod, that the parameters that· 
were obtalned in the callbratlon, are acceptable lo make predlctlons of the 
behavlor of the system, wlthln a moderate range of accuracy. 
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The analysis .or.· a .wlde. ~ange of · exploltation pol1cles of · the system_ ls -
necessary, to quant1fy -_the poten tia! of the thermal sourc~s. as· a water sup¡:~ly 
for the clty of San. Luis Potosi. 
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Figure 8: Comparlson of slmulated pollcies 

CONCLUSIDNS 

A numerlcal model that takes lnto account the contributlon of thermal sources 
was developed, and using it, dlfferent operation pollcies_ have been tesled, 

-. for the aquifer of the Clty of Sa·n Luis Potosi. 

Inl tlally, 1 t was in tended te lmplement a model wi thout thermal "'sources. 
However, 1 t . turned out te be lmposslble te achieve a model capable of 
predictlng the observed behavlor, when only horizontal flow was modelled. Thls 
polnted out the need of lncorporatlng thermal sources ln the model, In order 
to explaln the ·vertical flux comlng from deeper geologlcal forma tlons, whose 
hydraullc propertles are unknown. Thls 'vertical supply was lncorporated In the 

·•· model, lntroducing a layer of constant hydraullc head In the lower· aqulfer., 

Slnce. the propertles of such layer. were unknown, 1 t was necessary te derive 
them durlng the calibratlon process. The maln parameter that was adjusted was 
the vertical ÍÍydraullc conductlvlty that exists between layers I and II. At 
the same time, the hydraullc propertles, T and S, of the aqulfer and the 
boundary ccindltions were al so adjusted. The fact tha t an addlt lonal parameter 
was lntroduced in· the callbratlon,. made thls process more. compllcated than .ls 
usual for this klnd of appllcatlons. However, this form of proceedlng_ ls 
similar te what ls usually done when applying modelling . technlques In lhe 
horizontal plane, for whlch lt ls standard to ellmlnate nelghborlng reglons 
wlth lnsufflclent hydrologlcal lnformatlon by lmposlng sultable boundary_ 
condl tlons ... In many cases, . the supply comlrig from such regions 1 s quite 
slgnlflcant'for the behavlor of lhe·part of the aqulfer whlch ls modelled. 
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.1ñe résults- of :the callbratlon were·satlsfactorlly verlf!e~ by reproducing thé. 
observed behavlor·. ln a longer perlod '·(1960-!988) .of exploltation of the 
aqulfer, for ··whi.ch · lncompl~te hydrometr le informa tl_on was avallable: The 
results of thls: study ·indica te that the procedure used here, to study a deep· 
geological forma·tlon for which ño-lnformation ls avallable, may. be usefuf· more 
gene rally;· In particular, ln .the case study he re report_e_d, ln splte of the 
!nsufficlent· knowledge· of the- deep formatlon, it· was posslble tó 
recommendatlons for the po_llcles: to be- followed in .the production of 
aqulfer. These recommendatlons are better founded. thari lf the !~ck. 
informaflon about-·the thermal sources, had 1nh1b1ted the developmen_t of such· .. 

make 
the· 
of· 

. · 
. The d'i'stribution of · 'plezómetrlc .. heads predictéd on the· ásslimption·-' !hat the.·· 

ptesent·. rate cif pumplng 'rs contlnued through the whole· perlod,. 1989 2010 
(F!g. 9· optlon L Ol · indica tes that the present extra.clion can be contlnued. 
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Figure a; clearly l.llustrates the fact that if the pumping rate is be 
increased, - the most convenient option from the point of. v iew of keeping the 
drawdowns as small as possible, is to concentrare the demand in the thcrmal 
area. However, if such pollcy ls adopted, the supply would contaln a greater 
volume of thermal water, whlch would deterlorate its quality. ·Thus, in such 
case, 1t would be lmportant to monitor the dissolved lons and the water 
temperature. If this is done, 1t should be recommended that the informatlon 
gathered in this manner, be used to improve the numerical model and tó test 
the assumptions on whlch lt is based. 
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SPECIAL NOTE 

The installation of Ground Wat.cr for Windows (GWW) on your cornputcr hard driv-c rcquircs that specific 
adjustmcnts be made to both your config.sys and autocxcc.bílt files. for thosc uscrs who ore not familinr with 
how to cdit thcsc files, follow thc instructions givcil bclow. The bold print bclow indicatcs whnt you should 
entcr using the kcy bo<~.rd. 

To edjt yoyr nutocxec.bat file in Microsoft WindowsTM: 
l. · In Program Mo.nagcr, opcn Acccssorics Group. 
2. Opcn Notcpad 
3. Sc!cct File. 
4. Select Open 
5. List all files by typing •. • 
6. Undcr Dircctorics sclect C:\ 
7. Select autoexec.bat file 
8. At line path=C: add to file ;C:\G\VW 

At the end of your autoexec.bot. file odd the line SET GWW=C:\GWW 
9. Select File and Save 

10 ... Exit and reboot your system 

-Examplc of autoexec.bnt file- (bold ent.rics show locaiion of fiiC: additions) 
C:IWINDOWS\net start 
C:IWINDOWSISMARTDRV.EXE fX -1024 128 
PROMPT $p$g 
SET PATH=C:IMOUSE;C:IWINDOWS;C:IDOS;C:ÍJ.IDM;C:IAOL;C:IGWW 
MOUSE - . 

SET TEMP=C:IDOS 
StT GWW=C:IGWW 

To edit youf config.svs lile in Microsoft Windows™: 
l. In Program Manager, opcn· Acccssorics Group . 
2. · Open Notepod · 
3. · Sclect File •.. 
4. Selcct Opcn 
5. List all files by typing •. • 
6. Under Directories sclcct C:l 
7. Selec\"_config.sys file 

· 8 ... Change your file so that it contains: . 
Files=70 · . ." · . ...;_,_ 

. Buffers=lO 
?.~ -Select File and Save. 

1 O. · Exit.ang_ ¡e~oot yo uF system 

Example of i:~nfig.sys file (bold entri~s sho\v locotion of fiie changes) 
.. BUFFERS = 30 
. DEVICE=C:IWINDOWSIHIMEM.SYS 

dcvice;.c:\doslenun386.exe x=c800-cbff 
-·DOS=HIGH 

FILES=70 
rem LASTDRIVE=P 
DEVICE=C:IWINDOWSIIFSHLP.SYS 
STACKS=9,256 

' ' 

\. . 
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GROUND WATER FOR WINDOWS .;. OVERVIEW 

Ground Water for Windows is a relational data base anda 
Grozmd Water Infonnation System (GWIS). The GWW 
combines the prindples of Geographic Inlormation Sys
tems (GIS) with powerfuldedicated ground water data 

processing and reporting modules: 

• Master Data 

• Chemical Data(induding time and depth series) 

• Purnping 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 Distributión 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 applications. 

MAPPING The GWW is capable of: 
APPLICATION 

• Contouring any space-distributed parameter; such 
as anychemical constituent; interpolated water leve! 
or depth to water, transmissivity, hydraulic conduc
tivity or any other hydrogeological parameter; stra
tigfáphic 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 eqwdistant model from random 
values. · 

o 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 format. 

• Irnporting ASCII 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 software packages. 

• Using m a ps to reduce a large data set to a smaller 
subset belonging toa free-hand drawn area, a rectan

. . gle, or simply selecting wells point by point. 

. • Using maps to select cross section lines and for select~. 
ing wells within a range from the cross section line to 
b·e plotted on the lithologic or stratigraphic cross sec
tion. 

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

. Yo u may add vari~us lines connecting wells: 

• ground surface eleva tion 

• static or dynamic water levellines 

• lines separating stratigraphic units. 
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. GROUND WATER FOR WINDOWS OVERVIEW 

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

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

Yo u control the size of the cross section by selecting hori
zontal and vertical scales. Yo u al so define the wid th of · 
lithologic columns. Syrnbols displayed on a cross section 
·are the enes selected and/or created by you. 

You may also add well constniction details, such as cas
ing diameters and position of well screens. Of an appeal 
in contarninant movement studies will be the option to 
add orie or two graphs representing chernical constitu- . 
ents with depth of sampling. 

Using this applicationyou 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 unifs by 
free-hand drawing or as grid lines created using the 
Mappingapplication. 

• Filling layers or dosed polygons with lithologic sym-
bols and pattem. "'· 

• 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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Using the Welll..og application on the main menu bar of 
the GWW software you may do the following: 

• Create a new well log by entering drilling data 
(depths and lithologic description of drilled layers) 
and construction data (hole and casing diameters, 
screen positions, materials filling annulus). 

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

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

• Display a welllog with its constructi~n 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 raridom models and con tour 
maps. 

• Print a well log, using a default reporting form oi' 
·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 detail by ~x
panding to other columns. By selecting a large verti
cal scale, the well log will contirtue to print on 
subsequent pages. 

• You may design the screen pattern (bridges, hales, 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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With the C hemistry application ofGVVVV yo u can do the 
following: 

- . 

• Crea te the chernical portion of the Ground Water In
formation System (GWIS) with unlimited nurnber 
(except for practica! reasons!) of constituents and pa
rameters. You may include any contarnihant, trace 
metal, rare elements, and the like. 

• Display on the screen the following diagrams: STIFF, 
PIPER, WILCOX, and SCHOELLER. Custornize the 
displays, colors, fonts and other attributes. Translate 
to languages other than English if yo u need so. · 

• Add a location map to your reports. 

• Input data in ppm or epm units. 

• Irnport chernical 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 Mappiii.g application for gridcling and 
contouring. 

• Report chemical data in tables and graph.S. 

• Crea te chémical constituent time series and print as 
stand -alone graphics. 

• Create chemical constituent concentration - depth 
diagrai:ns and present them either as stand-alone 
graphics or as histograms superimposed on li
thologic cross sections . 

. This is one application which might be come handy if 
yo u ha ve collected plenty of granulometric samples and 
have them analyzed in a lab. Coupled with another ap
plication, l\1ISCELLANEOUS, in which you may calcu
la te hydraulic conductivities based on ·empirical forrnu-

. las by Hazen, KoZ:eny, Terzaghi, Slichter, Zamarin; and 
the U.S. Bureau of Redamation, you can produce hy
draulic conductivities and transmissivities for layers in 
boreholes. 

.. 
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You may produce grain size curves as a documentation 
report, or yo u may keep them in the data ba~e. 

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

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

• Corrections for partial penetration of test well 
and/ or observation well in a confined or unconfined 
non-!eaky aquiler. 

• Classical Theis and Hantush methods for non-leaky 
and leaky aquilers. 

• Recovery method. 

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

• I'ossibility to use test wells which were pumped at 
- v~~o_us_ rates during the test. 

Som~ of these solutions appear for the first bme 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 know!edge, has not been imple- ·· 
mented befare. 

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

• linear (time) -linear (drawdown) scale 

• logarithmic (time) -linear (drawdown) scale 

• logarithmic (time) -logarithmic (drawdown) scale 

You may report the test results in a graph form or as a 
table. 
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Yo u may 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 scattcred and not connected 
points. 

• Interpolation of water levels or depths to water at a 
selected interval. This perrnits the creation of water 
leve! 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
ciency of a well to be used as a production or water supe 
ply well. The total drawdown is broken.down into hvo 
componenis: aquifer loss (inevitable) and wellloss (to be 
prevented). Two methods of fitting· are built in the 
GWW: 

• SW = aQ + bQ2 (classical Jacob theory) 

• Sw = aQ + bQ0 (Rorabaugh theory) 

The calculation is demonstrated with a display anda ta
bié containing aquifer loss, well loss, and efficiency for 
ea eh PUI11Ping step. The average efficiericy for all pump
ing steps is wfitten into the data base for an eventual 
comparison and areal analysis. 

MISCEI:;I:;ANEOUS . · In this application you ha ve the following options: 
CALCULATIONS 

vii 

• Well functions for leaky and non-leaky aquifers. You 
may calculate drawdowns as a function of distance 
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GROUND WATER FOR WINDOWS OVERVIEW 

from a pumped we!l, time of pumping, hydro
geological characteristics of the aquifer, namely 
transmissivity and storage coefficients, charac
teristics of the semiconfining !ayer if the aquiier is a 
leaky one,and the pumping rate. 

• Empirical formulas by various authors for calculat
ing the hydraulic 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 velocity to 
screen, and the pumping rate. With al! 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 . 

. You may decide to keep in the data base sorne informa
- tion which has r10t been foreseenby GWW. Agood exam; 

ple is inventory of production we_lls in an irrigation area~· 
or data on rainfall and evapora ton. Theoretically you. 

_ may stóre just about'anything. Yo u assign a narri.e to your 
"additional" application, prepare entry and reporting 
forms as for any other application and use most of op-. 
tions available for other applications .. 

The GWW software is independent of printers, plotters, 
mice devices, digitizing tablets, video display standards, 
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 crea te 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-
ing them. · 

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

.You 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. 

Yo u m ay crea te 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 distribution curves remain in the 

·data base asan integral part of the information system. 
Yo u do not need to recalcula te or reconstr:uct them if yo u 
do not wish to. 
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The Ground Water for Windows (GWW in text to follow) 
software package has been developed by the then 
United Nations Departrnent for Econornic and Soda! De
velopment; Science, Technology, Energy, Environment 
and Natural Resources Division; WaterResources 
Branch, New York. The progranuning 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 Sdences) 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 designed the system for use 
by practidng hydrogeologists. He also created the help 
systein 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 LJ1ura Peters and 
Jill Raffety of Golder Associates Inc. (Atlanta) who edited 
portion.S 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 rnuch as we the authors do, let thern 
remember our respective spouses, Dbrena Karanjac and 
fesenka 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 

,.r.-
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Social Development; Science, Technologt;, Energy, Environ
ment and Natural ResOLt"rces Division; Water Resources 
Branch and its current successor Departmmt for Develop
ment Support and Management Services assurne no respon
sibility and shall have no liability, consequential or 
otherwise, of any kind arising frorn the use of this pro
grarn materiaL 

The programrners 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 dornain, although the ownership of the 
United Nations and the effort of the authors should be., 
rnentioned whenever the software.is used and/or dis-~
tributed. 

Since the GWW package is programrned to run under 
Microsoft Windows, which provides rnost of the basic 
tools used by GWW, sometirnes it may be difficult for a 
no vice to differentiate between error rnessages crea ted ·· · 
by either Windows or GWW. Also it would not be sur
prising to encounter sorne problems using GWW, ver
sion 1.1, in situations that ha ve not been foreseen by the · 
authors. Ftirtherrnore to test the whole system exten
sivel y and eventuall y disco ver and remo ve all remaining 
inconcistencies and/ or bugs would take rnon.ths of 
work. Rather than that, the authors and the U.N. have 
decided to present this package and ha ve 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 sorne point you will be happy 
you did! · 

· There are severa! conventions, whether typographical or 
symbols, that ha ve special meaning in this manuaL The 
names of menus, and menu and dialogue box options 
when they refer to actions which you should follow ap
pear in boldiace type (e.g. Map menu, Save As .. menu 
option). 

The hand pointer emphasizes important points. Sorne 
paragraphs will be printed as italics. These are normally 

. Notes or Comments with sorne general hints or sugges
tions. N ames of sorne data fields will also be printed us
ing italic font style. 

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

The term Cursor refers to the screen cursor that moves 
when yo u move the mouse. The shape of this 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 item by using the key
board with the combination of keys, the first of which is 
ALT and the second is the character underlined on the 
menu .. 

There are many examples in.this manual. The beginning 
of each exarnple is marked_with the symbol on the left. 
Ea eh page with an example being worked out is'rnarked 
with the symbol: . ~ 
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Sorne of the cliparts used in this manual are taken either 
directl y or modified from Micrografx DesigneE_ and 
CorelDraw. 

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

1.4. COI\'TENT OF 

1-4 

THEGWW 
PACKAGE 

The GWI<V package with al! 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 ha ve spedal meanings in this pack
age: 

exe executable file; only GyYW.exe is directly executed; al! 
. other exe files are called by the GW.W.EXE program; 

hlp_ help for each majar program subdivision; 

_______ · _____ unt __ file with default units;_ ···- ___ ·- ... - __ _ 

dlt screen and lithologic symbols ASCII files. 

GWW.OOO 

In addition to ex e files, there are severa! files w hich ha ve _ 
. special importance: 

The template data base, with al! default structures and 
forms (both entry and reporting); this is a blank data. 
base, without data and information, but with al! 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 clirectory if yo u wish to 
crea te a new data base. · 

PPMTOEPM.TBL An ASCII file which contains conversion factors frorn 
parts per rnillion (ppm) to equivalent per rnillion ( epm). 

- ·. 

.:..':· ..•.. 



1-5 

CHAPTERl INTRODUCTION 

Yo u may add to this file adclitional 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 drawing 
screen on a welllog and painting blank casing. Yo u may 
modify this file and design symbols other than the de
fault. It is fu!! y reproduced in Appendix E. 

A..l\'1\t'ULUS.DLT An ASCII file whic:h contains codes, description and 
symbcils for severa! typical cases of materials filling an 
annular space (a space behveen the drilled hole and cas
ing). It is fully reproduced in Appendix E. 

LITH.DLT An ASCII file which contains codes, descriptions and 
symbols for many lithological units. You IT)ay add new 
symb.ols to this file, change its textual or numerical con
tent, or delete sorne parts. You may also rename it and 
read into the programas an ASCII input file in the proper 
place. It is partially reproduced in Appendix E. 

1.5. HARDWARE 
REQUIREMENTS 

The system may work without sorne of the executable 
files. If, for example, the file chem.exe is missing or cor- . 
rupted, the package will work without the chemical ap-
plication. · 

GWW.UNT file is the default units file. The file lists the 
unit type (e.g., transmissivity), the unit·name (e.g., 
m2

/ da y), and the unit conversion factor (e.g., 1m= 100 
cm). It is fu!! y reproduced in Appendix D. 

Ground Water for Windows requires an 80386, 80486, or 
80586 (Pentium) personal computer. The sofhvare is 
written for the top-of-line present-day computers. It will 
run on any cornputer systern which supports Windows, 
including an 80386 SX with rnathernatical co-processor, 
but its efficiency, speéd, and overall usability will be 
greatly irnproved on fast cornputers, equipped with 
plenty of Randorn Access Mernory (RA.i\1), and with a 
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large hard disk. Your cornputer systern rnust al so contain 
the following or equivalent: 

• Minimurn of 4 rnegabytes of RAM. It is recorn
rnended that 8MB or more systern rnernory be in
stalled for increased performance. This is a standard 
requirernent for any large-size conternporary Win
dows application. 

• A hard disk drive with at least 16 mega bytes of avail
able hard disk space (after Windows is installed) for 
the installation ofthe whole systern. Depending on 
the size of the data base to be crea ted and 1 or han
dled, .a rninirnurn of 6MB addi tional disk space 
should be available for ternporary disk space. Do not 
forget that Windows also needs sorne storage space 
for file swapping and keeping ternporary inforrna
tion (virtual disk). Also the data base you are going 
to create rnay grow to severa! rnegabytes size. Each 
data base is backed up autornatically, which requires 
addi tional severa! mega bytes storage. 

• At least one floppy disk drive to install the package1 

and backup the prograrn and data base files.-. - : '· 

• A video adapter, su eh as standard VGA (640x480), or 
enhanced or super VGA (~00x600 and 1024x7?8). 

• Arnouse. 

• A printer .. 

GWW package does not contain video drivers, print1Ú 
drivers, any other peripheral driver, or fonts. The capa
bilities of your display, printer, plotter, digitizer and 
other peripherals, and the fonts available to GWVv for 
display and printolit will depend entirely on the capa-· 
bilities you have iristalled for Windows. The sarne goes 
for languages. For instance, if you install the French ver
sion ofWindows, yo u rnay.create an alrnost 100% French 
version of a data base. 

An alrnost ideal systern configuration for running GvVW, 
at the tinie this manual is written, would be as follows: 

_ ...... 
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• a 80486 (DX, DX2, or DX4) PC with ininimum 8MB of 
RA.t\1, running at minimum 66MHz, and minimum 
256KB cache memory; 

• 300MB hard disk; 

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

• non-interlaced súper VGA color monitor, preferably 
of 17" or greater size; 

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

• 2 serial and 1 parallel port; 

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

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

• a mouse; 

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

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

• Microsoft Windows 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 dáta bases using 
GWW much more efficient. 

• DOS 3.3 or higher. The currently availáble DOS 6.2 
vérsion is definitely the preferred versism..... · 

The minimum en tries that should appear in your AUTO
EXEC.BAT file are the following: 
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• C: \ vV1NDOWS\Sl'v1ARTDRV.EXE 

• SETGWW=C:\GWW 

While the disk cache driver Slv1ARTDRIVE 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 COl\TfiG.SYS file: 

• FILES=70 

• buffers= 1 O 

You may create large groundwater data bases. There is 
no apparent lirnit on the data base size, except for prac
tica! reasons. However, although you may create one 
data base fo"r a whokregion, with severa! thousands of 
wells making the base, work with such a huge base wilF 
be awkward at sorne point. Searching for particular in-

. formation may become slow. ldeally the data base 
. should contain less than2000 well points for_retrieval 

work to be time effective. · 

You may always merge information using Write to . 
Standard ASCII File and its complementary Read from 
Standard ASCII 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 sense. Ea eh data base is composed of wells, well 
points, water points, springs, and the like. Each well qr a 
water point is an entity defined with its X and,Y coordi
nates anda unique identification. The well identification 
can be a number, a string of characters, or any combina
tion of numbers and characters.Each well point (well, 
sprirtg, etc.) comprises various data and information 
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each of which is uniquely identified. Each data entry 
form must start with the We/1 Identification field. This 
field entry is used to relate information input from dif
ferent applications. For example, if you crea te a master 
data file, assigning the identification nurnber to a well 
'55', and then type the information for well 55 in a hy
drograph entry form, that information can automatically 
be associated with all entries made for well nurnber 55. 

The data base is object-oriented. By definitwn, 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 
(ObjectVision 2, reference Cuide, Borland llzternational, Inc. 
1991). For example, the calciurn content of a water sam
ple is an object. This information 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 nurnerical values for calciurn will be displayed 
and/ or printed), background color for the field, !abe! 
and/or data alignrnent (vertical! y and horizontally), etc. 

Smce a piece of information is an object, you may also 
design output or report forms and place and arrange ob
jects according to your specificatioris. This means that 
you can take any information from any part of the data 
base and placeit 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. Ideal! y 
you may crea te a base map for your project, country or 
the whole región. You may fill this base map with infor
mation such as location of all drilled wells - one map 
with the location of all wells for which the driller's lag 
and lithological characterization are available - another 
map with the location of all wells with water samples
still another map, and so on. Yo u may crea te many such 
maps ánd retrieve them when you wish to see ata glance 
the amount of particular information available in your 
databas~, A water leve! contour map for a certain date is 
also one of the maps available in the data base. Once set 
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up, it rnay i:Je r2trie1·eci inalmost an instant, without re
calculation. 

GWVI/ includes alrnost al! the features of a sophisticated 
contouring program such as: 

• creating a regularly spaced grid from irregularly 
spaced data; 

• selecting any portien of the map todo the gridding 
and contouring; 

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

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

• adding text, lines and areas to ma ps; and 

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

. , As a special bonus yo u may usethe mapping application . 
ofthe GWW to prepare data files as input to mathemati-
cal models, such as the M9DFLOW. - · 

GWW creates not only a ground water data base, but a 
Ground Water Information System (GWIS). Itcombines 

... classical ground water information with digitally 
mapped geographic displays. Entire mapc> can be im
ported to the data base in a standard dxf (data exchange 
file) forma t.' 

Graphics programs require a lot of memory. lf you ha ve 
a slow machine with little available RAt\1, or if you are 
using an earlier version ofWindows, GWW can be very 
slow or you may run into other problems. For exarnple, 
GWW might become incapable of.certain operations, 
such as printing."It is recommended to use GWW alone;. 
al! other applications shollld be closed before running 

.·.cww. · 
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. NOTE. Remember that a fully developed GWIS, wíth about 
1000 we/ls, 20 maps and 10 cross sections fully colored, named 
as objects and stored in GWIS, may easily become 3MB big. 

Befare you perform any installation procedures you 
should backup the original GWW program floppy disks 
and use the backup copies for insta !la tion. This can be · 
done using the Windows 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 capacity. In the case of GWW, you should be us
ing high density 3.5-in floppy disks. The procedure to 
copy floppy disks from Wlndows is the following: 

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

. i Insert the source disk ín the drive yóu want to copy 
from. 

3. From the Disk menu; choose Copy Disk 

4. AnSwer the prompts in the dialogue box (if yo u ha ve . 
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 dóes not appear.) The 
screen may look as in Figure 1·1. · 

5. A confirmatioh dialogue box appears, in which you 
. can verify that yo u want to copy tlie disk. 

Be careful! When you copy an entíre disk, there ís no way to 
recover information previously stored on the destinatíon disk. 

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

· Destinatiori In: 

Figure 1-1 

INTRODUCfiON 

¡;.T:;or-rn;g.'l 
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1···-···-H~Ipf'i 1 

The installation is from one of disk drives using the DOS 
prompt. Before you start the installation read the file 
Readme.1st. This file will contain additional informa !ion 
after this manual was written. The installation procedí.ue 
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 (1.4 
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 InstaiiA o r In
stallB, depending on which disk drive yo u are using 
for the installation, and follow the prompts. 

Disk One contains an iristallation batch file, IN
STALLA.BAT or INSTALLB.BAT. All files come in com~ 
¡:iressed form, or archived. The installation routine wm· 
decompress the files. Disk one contains also a decom-
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pressing file, ARJ.EXE. lts use is prohibited for comrner
cial purposes. This file will be copied to the directory 

. C:\GWW, which wil be created by the INSTALLA.BAT. 
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 cornmand INSTALLA or IN
STALLB. Al! 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 irnportant, 
except that disk no. 1 must come first beca use it contains 

· the decompressing file. 

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

THE PROGRAM · -~ -
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· Yóu are advised to keep yoúi: data base:files separa te, 
1 .from the GWW directory. The GWW directoty is airead y 

very big. You will notice that you will quickly crea te 
rnany ASCII data files, either as a backup, oras inputs to 
the data base. Likewise, you will have different forms, 
.dxf files, etc . 

. l.You should make a new directory giving it most probc 
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 (se e 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 al! files to an
other drive on which you should crea te the directory 
\GWW.) 

.. 
3. If you do n~t h'áve a separate GWW group on your 

Windows menu, and you want to have it, you may 
crea te it in the following way. 

. ' 
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3.1. From the File menu in the Program Manager's 
group, choose New. The New Program Object dia
logue box will appear. 

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

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

3.4. Choose OK. 

4. Yo u should crea te the prograrn item which will repre
. sent the GWW application. You rnay do it in severa! 

ways. The procedure by using Program Manager is 
explained below. 

4.1. Open the GWW group. (Click on the title bar with 
the words 'Grotmd Water for Windows.') 

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 choose 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 

Grotmd Water for Windows. This description will be
come the !abe! that appears under the icon in the 
group window. 

4.5. In the Corntnand Line box, type the name of the pro
g r a.m. file. I nó u r e as e t h i s w i 11 be: 
C: \GWW\GWW.EXE. Here you may add the name 
of the data .base in continuation, for instance, 
C: \GWW\GWW.EXE EGYP'f.GWW. In this case, the 
data base EGYPT.GWW will operi automatically 
when you click on the GWW Main icon. For begin
ners, we do not recomrnend this procedure. If you 
type C:\GWW\GWW.EXE but without any data· 
base na me, yo u will be gi ven an opportuni ty to select 
a new data base or work with one of existing data 
bases. When you gain experience and become com-
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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 
clirectory 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 clirectory while the applica
tion is running. In Figure 1-2, you will notice that a 
clirectory EGYPT has been created to accept all files 
that may be created when running the GWW soft

.ware. 

U<>=qaan: ~~G~ww~':7:~======il 1 :o~ . 1 
Qln>mnDii(.Jl>n:. IC:\GVIIW\GWW.EXE 1 le ·'.:caobJ"(\~·-,¡_ 
~""'U>'><l>>""""'f. 1 C:\EGYPT 1 

¡¡¡.....,_. .... ..,, !Nono n • 1 

~ - -!1 -·o Bun ~il'!.i~izad 

Figure 1-2 

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

4.7. Choose OK. The dialogue box will clase, and.the 
new program item will appear in the group. 

5. lean that represents the Ground Water for Windows 
application, or GWW program-item icon is as shown 
in Figure 1-3. 

-· 

-·. 

. 
'·· '· 
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GroundWater 
forWindows 

Figure 1-3 

INTROOUCTION 

There is an extensive on-line help in GWW. Every majar 
module has its own on-line help system. Thus, in a sense, 

· the help is context-sensitive. To find information inHelp, 
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 Win
dows Help Compiler, which turns the .RTF files into a 
hypertext Help file, complet-e with contents page, hy
pertext links, and pop-up definitions . 

. You can add you own comments and notes to a Help 
tapie and view this information la ter. However, the gen
eral operation of the Windows user interface is described 
in your Windows documentation and will not be re
peated either in this manual or in the on-line He! p. Your 
Wmdows documentation describes the general prind
ples, 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 Win- · 
dows basics will be repeated in the following section. 
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l. The Parts ofa Window 

This section describes the elements of a window. Each 
window contains the following elements (as shown in 
Figure 1-4): 

3;27J')M ',;;' ~;.;,:·, 

Q~ta ~ppliez~tions Iools .C.ustomization !:J.elp 

Figure 1-4 

• Window borders are the 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 corner 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 showri in Figure 1-4. When yo u click a menu· · 
narne, a list of that menu's commands is displayed. Ea eh 

. application has different menus and rnenu comman:ds. 
Yo u rnay 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 corner of the window and are 
used to maximize or minimize the window. The Maxi
rnize button enlarges the window to fill the en tire screen, 
and the Minirnize button reduces the window toan icon. 

~ .. 
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If the windowis maximized, the Resto re button replaces 
the Maximize button. Restare restares the window to its 
previous size and position. 

In most of the GWW windows/screens you will be able 
to size and resize thewindow. Agood practice is to maxi
mize the initial window displaying the main menu 
(Data, Applications, Tools, ... , Help). In sorne GWW 
graphics applications, yo u will be able to fit to window, 
that is to fill the whole window with the graphics. In 
other applications, you will be able to use the command 
Display Full Form, which is opposite to the command 
Normal Display. Display fui! form command works as. 
View page command in ínost other graphics programs 
(Core!Draw, Designer, etc.). 

2. Working with Icons 

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

To work with an icon, you expand it. Double-clicking on 
the icon will cause the icon to become a window in which 
yo u may work. 

One of options to start the GWW program is from the 
DOS command !ine typing the following command: 
WIN C:\GWW\GWW.EXE C:\GWD\DEMO.GWW. 

· · This.command is interpreted in the following way: 

(a) Start Windows (Win portian). 

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

(e) Open the data base DEMO.GWW located in the direc-
toryC:\GWD. 

As a shortcut, you may crea te· a batch file, say Gww.bat, 
with the aboveline as the only line init. Bysimplytyping 
GWW you will initiate the program, both Windows and 
the GWW application. · 

' . 
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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 activa te the GWW program, you should double-click 
on the GWW icon. With the keyboard, use the arrow 
keys to select this icon, and then press ENTER. 

3. Working with Menus 

Inunediately 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 Win~ows, the Program Manager 
menu bar contains the File,_Options, Wmdow, and Help 
menus. The menu bar for the mapping application 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.~ 

,S.ave Random Model 
Save Random Model As 

·- · Add Pólnts to Map 
Add Labels to Map 
Add Values to Map 
Add to Legend 

Standard ASCII 

. 

Figure 1 

To open a menu, follow these steps: 

(a) Click on the menu name, if yo u are using a mo~se .. 
· (b) lf you 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 nnderlined char- · 
acter on the rnenu. 

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

In sorne windows in GWW, such as creating and editing 
an entry data form, or a reporting forrn, you may want 
to modify sorne of the attributes of a data field. For in
stance, yo u want to change the label or data font. If yo u 
click inside a"larger frarne which contains severa! fields, 
the whole frame will be selected. This is not what you 
want. You need to click outside the frarne, and then 
move the mouse pointer inside the data field you wish 
to modify. Click again and this field will become the ob-
ject yo u work with. · 

4. Working with Dialogue Boxes. 

A dialogue box is a window that frequently provides in-
- formation and always requests a user r~sponse. Figure 

1:6 shows a sample dialogue box for edi ting contours in 
GWW. Dialogue boxes use drop-downlists when there 
is not enough room for·a list box. This is marked with a 

Pen Attributes 

Thickness 

Une Pattem 

\Solid Line 

1±1 

Une Attributes 

Label 

DistanLce_l_l_(m_m_¡-¡:J4::=0:==i 

Distance·l 2 (mm(J120 
'----' 

1 ' '' L:allei Fóiit ;;~. >~ 1 

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, or a 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 rigl"tt 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-

"' ., .. 
" "' " C2 
CJ 

" es 
Oi 
Cl 
Ql ., 
" " .. 
" "' " " " ,. 
'" '" E2 

" " " " E2 
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., 5~~~¡m::t-nr~~r~~~~:!¡ {f.~Tt:77hl-~'?~~¡, ~~sa· 
,. •' ,__,,,. :·-·-: ••• -<·< •••••• ~-_.~ • ; ~-. ,., ~·-·· 

Figure 1-7 · 

ment. In the data base shown in Figure 1-7, there are 86 
wells. The window cannot display all wells, and th~ 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 approxirnately one screen, click on the ver
tical scroll bar above the scroll box. To move down by 
approxirriately one screen, click on the vertical scroll bar 
below the scroll box. · 
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It is relatively easy to open the same data base more than 
once. If you reduce an application to an icon (by select
ing the minirrúze arrow button) or temporarily "loase" 
the GWW screen by clicking outside it and by returning 
to the Program Manager's window, yo u may be tempted 
to 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 
w.ill display the er-

ERROR! 

Can"t open "c:\bahrain\bahrain.gww'' 
File corrupted or sUII in use . 

ro r m es s a g e. as Figure 1-8 
shown in Figure 1.8. 
This will be a warning that you have not closed the pre
vious data base. 

If, at any moment you do not see the GWW window, 
either its rnain oran application's window, rernember to 
invoke the Windows Task List. Task List is a window that 
displays a list of all the applications you are currently 
running. Yo u can use Task List to switch to another ap
plication. 

Yo u ha ve two ways to display Task List. The first way is 
· to use the rnouse 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 want to switch to. The case with Chemistry ap

plication running in background is shown in Figure 1.9. 
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Tas~ List 

\bahrain\bahraingww) 
1 Pu•orom Manager 
¡Venturra Pub!i•her- C:\lciY/Y/\I~OClK\ICHll \CI! 

Prompl 

1; 1tWitCii Ti> 1 1 Eiíd tiiík J 1 < táni:er . • 1 
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Figure 1-9 

- ...... ~ ---
Try also not to clase a GWW application by clicking on 
the Control rnenu box (a srnall diskette syrnbol in the up
per left comer of ea eh window). Although it is intended 
to be used for switching to other a pplica tions, try to use 
the GWW way of closing an application, that is, use the 

· Exit cornrnand which is normal! y located at the bottorn 
of the leftrnost rnenu option. · 

If the Exit cornrnand in a GWW application does not 
closethe application, use the cornbination ALT +F4 keys 
as shown in Figúre 1-10. 

General Data Jlnils 

General Data Std. ASCII jnput 
General Data Std. ASCII Qutput 

Print Setup 

Figure 1-10 
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CHAPTER TWO. · DATABASESTRUCTURE 

2.1. BASIC 
CONCEPTSOF 

GWWDATAAND 
FORMS STRUCTURE 

2.1.1. Objectsin 
GWW The GWW data base is built of objects. For the defirútion. 

of an object see Chapter 1, Section 1.7. 

In GWW, eách data field is an object. Thanks to this, you
·_can crea te your O'Yfi entry and reporting foims, you cán 
·assign to-the content of each field the label, label font;. 
label color, field bórder, and field background color: You . 
may fill the field-~th-data and assign_'t.o·Í:he datathe __ ::, _ ~.,.-- -· 

. .same kind of attributes such as font, color, and text align-- --~': ·. 
. ment, both·horizÓntá.l and v:ertical: . --'~ . - - . - - . - .. -~ 

.. '-::-' ;:. ·Ea eh ;jÍle. area; U¡;O~o~c cros$ section á~d\nap js an.: : .•.. · .. , ---~ 
_ __ :- ~-· _ · : ::.--:.·.. -ºbiili-~ Unes, areas;_ grids;_gridded models($elllogs,: __ · ... .. 

·, · ::_.· ...... .- ·--~==-- ~ · · chemicál da.ta;wáter leve! dat~ measuremeñts dilring a ·::,. . _ 
- · _ . ·::~-~--- >.:--: .: :~-~-. · püinpillgtests,and}Dánymorec~P.-besavédinanASCll · .. .,..· ... --· •• 

: ... , _.-_-:.:.,o=:·~:--·. _-_ ·._.·;:·.datafile,wlthall;--sóineorno.attributes: .· · .... --~ · -- __ .. ·_ ·_:: ... _ 

, L ·-~:c.~· .. .-_ --_2ii~:-~~~ei~~~~~=--·:=~.::~.: ·:;·: ·:-... .~::~- ~>~::-:-·::-· .. :_~::e--~-.-;./~:~~;:_:_-:·;-:>_~.:·:._~>~: 
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GWW uses forms 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 form pre-programrned by the GWW pro
gramrner, or a form created by you. In Chapter Three
you willleam how to crea te such forms. GWW form out
lines are saved separately from the values they display. 

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

In most cases, forms can be either entry or reporting· 
forms. Sorne reporting forms can apply toa single analy
sis, such asto one STIFF diagram (in the Chernistry ap
plication) with associated parameters defining one 
single sarnple. They may also report inforrmi.tion from 
more than one sample, such as Piper Diagram, Wilcox, 
and Schoeller diagrams in the Chernistry application. 

· GWW supplies an entry forin in each application only 
when you make a change in the data structure. That is if 

. yo u add a new data field or edit an existi.r).g one and use 
· the button OK to save the change, GWW will interpret 
this as a change which requires a new entry forrn. The 
program-supplied entry form willlist all data fields that 
currently make the data structure for an application. 

Standard Forms are the forrns selected by you to be 
standard fár a particular data base. The program comes 
with standard (default) forms for each category of entry 
and reporting. Yo u may override the defaults and crea te 

. your own standard forms, assodated with the data base 
of which they become a part. After creating a form, you 
should save it using interna! data base narne 'Standard'. 
You rnay also save the form as an ASCII file on the disk 
and edit it la ter if you wish so. 

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 
.?ome parameters, use language other than English, 
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change !abe! fonts, colors, or alignments, and many 
more. You may have more than one entry form for each 
major application group. · 

Reporting Forms can also be standard (default), one for · 
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 differeñtnames for different reporting needs. 
Nonstandard forms are used to report rnixed graphics, 
say a well_log and a chernical diagram· on the same re
porting form. Nonstandard forms are created using a 
spedaloption on the Reporting Forms Editor. 

2.1.4. Relátionai·Data The GWW data base is a relatio.nal data báse. "Rela-
Base · tional" in this context implies that the application will-

' .,. find all information needed no matter where it is input 
' ·. _. ___ · or.stored. In this wiiy any inform_ation is typed only once. ;: .. : 

_ ___ . . --~- _-- For example, Xand Y coordina tes are required in most. __ .:_ ·._· . _ ·- ~ ~ 
__ .. ~ . _ - ___ ... .~-; ·: _ applications, but normally yoU: will type this informa-.:_:· .. e- "' :_:_ · · . · 
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edit, save, or delete most of them. For example, yo u may 
crea te and edit various text that will enhance a map. Yo u 
may save this text object asan interna! file, assigning to 
this a name. However, unless you save this text as an 
ASCII output file yo u may not view or edit the text out
side the GWWprogram. Youmay edit this text inside the 
GWW program provided you have associated a name 
with the text. 

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 STIFF diagram, 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 

• ·colwnn (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 
H.eader. It has sorne default values which are selected 
when the field is created using the Form Editor. 
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Attributes 
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Text Field attributes are:· 

• Field N ame 

•. Border 

• Background 

DATA BASE STRUCTURE 

• Field Label (text typed in the field) 

• Label Font 

• Label Color 

• LabelAJigrunent 

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

- · • - well iden_gfication (a unique data type whlch'ísused'= 
· to relate various parts of the data base to the same. 

well or sample); · · 

• character (aii?hanÍn?ér.ic string);-. 

•- integer; . 

• floating point number, dimensioned; 

• floating point number, nondimensioned; 

• date; and 

• time. 

Whena data field is identified as containing information 
which is a real number, and _the type of data is selected 
as 'dirnensioned,' the user will be prompted to associate 
one cif the available units with this data field. 

Dáta Field has all the properties (attributes) of a text fiéld 
plus attributes for data: 

• Data Font 

• Data Color 

.•: 

·' 

, 



2.1.13. Drawing Field 

2.1.14. Column Field 

2.1.15. Field Name 
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• Data Aligrunent (vertical and horizontal) 

Drawing Field contains a drawing. Since a "Drawing" 
field may ha ve a title ora text, this field has the same . 
attributes as a text field. Only report forrns may contain 
a drawing field. A reporting form may contain more than 
one drawing field. An individual water sample can be 
presented as a STIFF diagram, with its location on an
other drawing which could be a location map. Both 
maps, plus muchof other textual or nurneric information 
can be reported on the same page. 

Colurnn Field is a colurnn. Severa! colurnns make atable. 
Only report forms may contain a colurnn field. Label at
tributes are actually attributes for a table header. 

Field 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 structure and in entry forrns. For example, if in the 
chernistry entry form the field that will input the alkalin
ity values of a water sample is typed as Alkalinity, the 
Field N ame in the reporting forrn must be typed exactly 
the same (case-sensitive, number of characters or b!ank 
spaces, etc.). Nothing will happen if you rnistype one or 
more field names in a reporting form. These fields will 
remain blank in the report since the program will find 
nothing to associate the fi~lds with. 

NOTE. Do not jorget the special role of data field names: these 
rnust be uniquely defined, case-sensitive typed as declared in .. 
entry/reporting forms. This is the only way that the prograrn 
will know what lo h¡pe and where. Form Editor wil/ automat
ically write these narnes. You should not try to modify them. 

Sorne field narnes are protected! The protection irnplies that 
you should not try to rnodify these field names. If you do, 
GWW will not-be able to use them in sorne calcu/ations, draw
ings, or for creating graphics. The protected field narnes are: X, 
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Y, Z, ZM in master data structure, all majar cations and ani
ons in chemical data structure, the entries Cations, Anions, 
SAR, EPM in chemical data structure, most of pumping test 

· field names in pumping test data structure, SWL in welllog 
data structure, all step-drawdown field names in step-draw
down data structure, and all field names in hydrographs data 
structure. You may add new fields with their own field names, 
but do not attempt to change the existing field names if you 
suspect that GWW nlily need them for a calculation or graphi
cal display. 

Border inchÍdes the salid frame around a field and the 
shadowing of the field, both defined by you. Borders can 
be thin or thick, as specified by you; they may include 
fu!! frame or just one of the four lines (left, right, top, 
bottom). Shadowing can be thinner (nurnbers 1 or 2) or 
thicker (nurnbers 3 and.4). You may type a text oran in
formation without any line defining its frame. Set Frame 
in Border attribute to None. 

··•· 2.1.17 •.. Background. Background-refers to the color selected by you to paint a-· 

2.1.18. · Field Label 

··~ ..... 
2.1.19.. Label Font 

2-7 

-· field. The whole color palette provided by Windows is -
available. Each field can be painted: 

Field label refers to the text typed to identify a field. Here 
is the possibility to use languages other than English. Al-- · 
though a field may be identified with Field N ame, say · 
Conductivity, which should not be changed if you wish 
GWW to use it to produce a Wilcox di<rgram, e.g., the 
field !abe! may be typed in Spanish as Conductividad. 

· Unless you change it, the field l<3;pel will be identical to 
the Field N ame selected in creating a form. 

You selecta Label font. Whatever comes with Windows 
can be used. The selectionis standard as explainedin the · 
Windows manual; you selec,t the font, the size (points), 
and styl_e such as bold, normal or italic. You may clown
load adclitional fonts, which are not provided by Win
dows. One of fonts could be Cyrillic, with which you 
may crea te your groundwater data bases in Russiar:t; 13ul-

.. garian, or Serbian. Yo u may use an Arabic font to crea te 
data bases in Arabic (hopefully, by correctly assu.mirÍg 

- · . ...-.·.· 
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the direction of writing words). Toda y you ha ve a myr
iad of font offerings. 

. 
Yo u 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 fcir green, B for blue) in the 
appropriate dialog box, or by directly selecting a color 
from the palette. 

Label Alignmentis used to align the label ei ther asleft o~· 
right aligned or centered. The label can be placed on top, · 
center or bottom of the field. This is called horizontal or 
vertical alignment, respectively .. Yo u 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 definitiori. (name, title) for each data item; 

(b) the length of ea eh data field (nwnber of characters or 
numericals); · :: ... :. · 

_¡,,.. 

(e) data type; 

(d) if data type is a dirnensioned nurnerical; such as the 
. ·_ ground surface elevation Z, there is a distinction be-

tween numericals with fixed or f!oating 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 . 
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The default data structures are built into. the data base 
templa te, GWW.OOO. When yo u start a new data base this 

· file will provide all necessary structures, sarne as stand
ard data entry and reporting forrns. You will have a 

· chance to rnodify these to better suit your requirernents. 
Yo u willlearn to d_o it in Exarnple l. 

NOTE. Your jirst step in creating a new data base will be to 
modify the default data structure for one or more applications. 
For example, GWW does not J,:now 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 en ter ele- . 
vation data on positions of stratigraphic units you cannot ere
ate con tour maps for su eh data, nor you can draw stratigraphic 
fines of lithostratigraphic cross sections. 

One exarnple is provided in the following table for the 
Master Data Structure file. Al! file structures are repro
duced in Appendix A. 

l Field·Naine Field Leng!b · Field T)!j1e Forrnat Qlo.dec.digjts Unit Sj'!I!bol 
Well Ident 10 Well 
Description 50 Char 
District 15. -. Char ' 
Locality . 15 . . Char 
Owner 15 Char 
X 10 · Nurn(Dim) Fixed 2 m 
y 10 Nurn(Dim) Fixed 2 m 
z 10 Nurn(Dim) Fixed 2 m 
Zm 10 Num(Dim) "Fixed 2 m 
Map Sheet No. 10 Char 
-.~ .. 

. In simple terrns, the data base structure is the list of data 
entries that yo u wish to ha ve in your data base. Yo u can 

. crea te th~?e lists independently for ea eh of the following 
. 

applications: 

--~-
. • Master-data 

• · Chemistry - sarnples 

• Chemistry: concentration-depth series 

• Chernistry: concentration-tirne series 

2-9 
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• Pumping tests 

• Hydrographs 

· • Lithology /well logs 

• 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 
identificaban. This item uniquely defines a well ora 
sample. The information related to this well or sam
ple will be linked to any application which needs to 
use it (display or report). 

(2) You must not repeat information which is already 
contaiiled elséwhere in an application. E.g., if X and 
Y coordina tes are a part of the Master data structure, 
they must not be selected in any other application: 
chemistry, hydrographs, well logs, pumping tests, 
grain size curves, and/ or step drawdown tests. They 
may appear on the entry fórm for welllogs, but when 

.. · you type the well identification of a well which was 
alreaqy input using one of the Master entry forms, 
this information will be automatically copied from 
the data base into your welllog entry forrn. However, 

. be careful: the information will be copied· only if the 
_ fi"eld na me on both forms 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 entry 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 
names and not to field labels. 

This will become more clear when we work witb. sóme 
examples. 

The data base structure you select for your new data base 
beconies its·integral part. Al! changes, editíons, rnodifi
cations, and assigning new interna! file narnes to various 
data structure files will apply only to your currently 
open data base. In other words, all the changes that yo u 
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make while working in a data base will be saved only in 
that data base, not in the templa te GWW.OOO. 

• 
NOTE. You may, of course, make your changes in a data base 
to which you assign another name, and then capy your data 
base into GWW.OOO. In this way, next time you wish to crea te 
a new data base your own version of the template will be read 
as the standard! This may be one of your first steps in cfeating 
a templa/e GWW.OOO as a country or project specific default. 
You may also add sorne basic maps to your base templa te. 

Also yo u may save yourdata base structure for ea eh ap
plication asan ASCII file, and use it for another data base 
to override the default. 

All data base default file structures which are prepared 
for you as a default are listed in Appendix B. The Master 
data file structure is already displayed above. 

''1':0 

If yotih,~vecreated the GWW group and GWW program 
item properties, as suggested in Chapter 1, Section 1.10., 
yo u may start the GWW program by double clicking.on 

· the GWW icon. The initial screen as shown in Figure 2-1 
will appear displaying the United Nations logo and the 
menu bar with Data, Application, Tools, Custornization, 
and Help menus. Normally, when youstart GWW for 
the first time you will notice the title GWW[;] in the title 
bar. This reminds you that you have not yet 6pened a 
data base. (In a repeated work, the last opened data base 
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Figure 2-i 

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

To start the creation cif a data base yo u must select D~TA 
from the main menu, followec;i by New Data Base. 

l. Select Data from the menu bar. The display is as shown 
in Figú.re 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 focyour data base. Type Exam
ple.g>vw. Use the exte!15ion .gWw for y.o.ur conven
ience. GWW.offers you a list of available fileswith 
extension .gww. · - ... 

' 

_ ..... · 
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Figure 2-2 

Dala Base Name 

Filename: ~~~~ij~·~·'·~Y~a====JI J pK .1 
Directory: C:\GWD 

Files: 

test.gww · 
testl .gww 

Diredories: 

[-.] 
[-~-] 

[-b-J 
[-e-] 
[-d-] 
[-j-] 

1 Cancel 1 

L_l~===~~-m=-====---_l_j ,. 
Figure 2-3 

"IIÍ"•' 

· NOTE. Be careful when prompted for a data base na me. if yo u • 
sélect option New GWW Data Base and'give a-name of an 
existing data base, al/ file stru.cytre, input and output forms, 
dqta base content, and al/ objects that make this data base will 
be erased. You will start from a brand new. dllia base using the 
default tg1J1plate GWW.OOO. However, the program will wam 
you and stop you from accidental/y erasing an existing data 
base. 

At this moment the GWW program will readin the tem
plate dat¡¡ base structure, GWW.OOO, and use it as the 

:· starting point for your new data base. Yo u willlearn to 
modifx__some ofdefault data structures in the section 
which follows. 

. -

· .... 

¡ f ' 
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NOTE. Remember.again that you may customize the templa te 
GWW.OOO and use it repeatedly with data structure, and vari
ous forms set up to make your work tailored to your needs. 

For each of the majar applications, the GWW package 
already contaíns a preprogrammed standard data file 
structure. The list of data base constituents is shown in 
Section 2.2.1. for the master" data, and in Appendix B for 
chemistry, hydrographs, lithology, pumping tests, step 
drawdown tests, and grain size distribution curves. 

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

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

Data J;;.ntry Forms Editor 
Beport Forms Editor 

l,!nits 

Figure 2-4 

2. Select Data Structure Design. Wait until the menu bar 
displays hvo options: File and Help. Yo u are ad vised 
to explore the Help·menu. This Help is dedicated to ..•. 

. . the File Structure Oesign editor. 

3. Click on File. The menu opens as shown in Figure 2-5. 
Yo u will notice the following options: O id, New U ser 

·' · File, O id Use¡ File, Exit, Crea te Structure From STO 
ASCII, and Write Structure to STO ASCII. STO is .. 
short for Stañdard. Forget fOJ .. the time "U ser Files." 
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Create Skudure From sm ASCII 
Write Structure to Sffi ASCII 

Figure 2-5 

'. 

4. SelectO Id. Th.e dialogue box as shown in Figure 2-6 is 
'displayed. The box is titled "Select an Existing File" 
and lists all pre-prograrruned structure files for all 
applications. 

Enter File Nlllme 

,. - ~ ---~ · . ~C;:he:::m::;C:::on:::eD;:;:::,p:;;lh====::;_ ~;-~~=-.-.=OK=·· ~--~; 
ChemConcTime ~ :._: . ~ 

Che m_ Conc_Depth_ Tab 
· ~ ---- - Chem Conc Time· Tllb r Caf~U.l.q 

Chemistry - - • 

ChemisuyPPM .¡ '. oOJOte'j. 
GrainSizcCurve . _ 
HGWL, 
Hydrographs 
Uthology 
MDslerDeta 

Figure 2-6 

. 5. Select with the mous·e the application you wish to 
modify and either double-click the mouse or click it 
once and pres.;;);:NTER 

. . - -

6. If you have selected thé 'Master Data' file (data struc
ture for master data application), lhe screen wi!l dis
play the.dialogue box as shown m Figure 2-7. You 
may notice the list of data items, their types, length, 

· · number of decimal points, and eventually units. The 

·' 

'' 
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Data ltems 
1.1ru.L.ld~_n_t_ ______ _ 1_0 :_ ..,Ye_lL. _________________ ____ ; 
Dcscrl.ptJ.on 50 Char 
D1stnct 20 Char 
Locahty 20 - Cb.ar 
0...-ner 20 Char 
X 10 NU111.(D1.m) 1?"1.xed 2 D. 

Y 10 llu.n(Dl.lll) F'1xed 2 1:1. 

Z 10 tlu..:n(Dud f1.:r;:e::d 2 1:1 

ZH 10 HUl:I.-(Da.) 1?"1xed 2 .t1. 

Map Sheet Ha. 10 Char 
Year of Constructl.o~!O Cbar 

1 No:W 1 1 Edil 1 Oelcle ( OK · J 1 Co"cel 1 

Figlírc i-7 . 

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

NOTE. Remember that these files are not ASCII files, but in
tema/ files associatéd with the data base tlzat you have opened. 
Any mo.dification will be kept intemally and wil/ affect only 
the data base currently in use .. 

Asan example, we will modify the existing data struc
ture file for chemistry. Our tas'k w ill be the following: 

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

(2) Add toluene with minimurn content of 0.001 ppm 
and benzene with minirnurn content of 0.01 ppm. 

· (3) Red.ui::e the number of decimal digits for chlorine 
from 2 to l. 

(4) Rename Well Ident with Well Nurnber . 
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(5) Renarne Conductivity with its Spanish equivalent, 
· Conductividad. (This is to dernonstrate language

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

You should follow the procedure as explained below. 

l. Select Tools frorn the rnenu bar. 

2. Select Data _Structurc Dcsign. 

3. Click on File. 

4~ SelectO id. The dialogue box as shown in Figure 2-6 is 
displayed. No ti ce Sclect an Existing File in the title 
bar. 

5. Click on Chemistry. It will be highlighted, and the 
narne Chernistry typed on the cornrnand line, as 
shown in Figure 2-8. Press Enter, or click on the corn-

. Enter File Name 

·1 Chemistry 
1 

-------6-

.·· 

ChemistryPPM 
GrainSizeCurve 
HGWL 
Hydrographs 
Lithology 
MasterData 

Figure 2-8 .. 

OK 1 
1 c~~é~id 
1 Oelete; 1 

rnand line, or click on O K. One portian of the -chern
istry data structure file will be displayed as shown in 
Figure 2-9. · 

.. 
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lJell Ident 10 lJell · ·, e;;··· --- .... ----···--------Ta··--ilüiñ( u;;·¿¡y-t i;;·e;¿ ;¡:- - - - ... 
Mg 10 Num(Und) Fixed 2 
Na 10 Num(Und) Fixed 2 
K 10 Num(Und) Fixed 2 
Fe 10 Num(Und) Fixed 2 
Mn 10 Num(Und) F>xed 2 
HCQ3 10 Num(Und) F>xed 2 
C03. 10 Num(Und) Fixed 2 
504 10 Num(Und) Fixed 2 
Cl 10 Num(Und) Fixed 2 
NOJ 10 Num(Und) Fixed 2 
N02 10 Num(Und) Fixed 2 
P04 10 Num(Und) Fixed 2 
F 1 O Num Und Fixed 2 

. OK . j [. t;,J.cef .. ¡ 

Figure 2-9 

6. Find fluorine and click tlie mouseon its line. Fluorine 
is highlighted. 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 termina te the input by either 
pressing OK or using the Tab key. Whatever you typed wi/1 not 
be saved if you termina te the input by pointing the mouse to 

. and clicking in another field: T/Jis applies eq'iia/ly to data in
put,.{;fata editing, creating data forms, and creating data struc
ture files. It is one of the majar convent"ions of dat'á input using 
Windows. · 

_Anticipa te the minimum toluene content of 0.001 ppm 
· and maximum of 99. Replace the default field !ength of 
10 with 6. C!ick on Numeric. Do not use Nllineric(Dim) 
since the chemical data default is equivalents per mil
lions (epm), or parts per million (ppm), depending on. 

-~· 

~-=-------
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which option you ha ve selected when starting the input. 
Yo u may always switch between epm and ppm. Replace 
the default number of decimal digits (2) with number 3. 
Click on OK. Notice that Toluenc has been added to list 
of constituents on the last line. 

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

9. Highlight Cl. Click on Edit button. Click on OK. Re
place 2 with 1 in the number of decimal digits field. 
Click onOK. · 

10. Highlight Well Ident and click on Edit button. Re
place the word Ident with the word Number. Press 
En~er or use the Tab key. Click on OK. 

NOTE. The Well Ident is a special field, the name of which is 
used by the program to connect different parts ofthe data base. 
Actually, this entry is used to crea te a relational data base. You· 
will notice that 'Well' is one ofthe data types, in addition to: · 
character, numeric (nondimensioned), numeric (dimen-:: 
sioned), dqta, time, and comment (see Figure 2-7). If yozi · 

- chqnge the well identification in the chemistry data structure 
· file:you must do the same in all other data structure files. Be 

ven; careful and ensure that you have done this in an abso-: . 
(u te/y identica/ way. 

11. I-Íighlight the li~e Con:ductivÍty. Click on Edit. Re
place the word Conductivity with Conductividad ... 
Click on O K. The final display at the end of this ex
ercise looks as shown in Figure 2-10 (upper part), and. 
Figure 2-11 (lower part). ___ , "'· 

12. Click on O K. Yo u will be back in the File menu. The 
changes are autorriatically recorded in your data 
base. · · 

. 13. Click on Exit, then on Data, and Exit again. This will 
terminate the modification to your chemistry data 
structure file for the data base currentl y selected (Ex
ample.gww). Rememb_er,. what youdo in this exam
ple affects only your currently opened data base! You 

. -... 

' "''" 
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!!!::'JL.J.Lu,_(l!!:1!':r.. _________________ JQ ______ !L"'--'-L ............. - ..... ······------·--------·-- >t 
Ca . 10 Num(Und) F1xed 2 
Mg 10 Num(Und) Fixed 2 
Na 10 llum(Und) Fixed 2 
K 10 Num(Und) Fixed 2 
Fe 10 Num(Und) Fixed 2 
Mn 10 Num(Und) Fixed 2 
HC03 10 Num(Und) Fixed 2 
C03 10 Num(Und) Fixed 2 
504 10 Num(Und) Fixed 2 
Cl 10 Num(Und) Fixed 1 
N03 10 Num(Und) Eixed 2 
N02 10 Num(Und) Fixed 2 
P04 10 Num(Und) F1xed 2 
8 10 Num Und Fixed 2 

1 New •- l 1· Edlt. l 1 'oelete 1 1· OK•-J !·cancel 

Figure 2-10 

Data Uems 

P04 10 Num(Und) Fixed 2 
B "10 Num(Und) Fixed 2 
Si02 10 Num(Und) Fixed 2 
TDS 10 Num.(Und) Fixed 2 
Hardness 1o·· Num(Und) Fixed 2 
Alkalinity 10 Num(Und) Fixed 2 
Conductividad 10 Num(Und) Fixed 2 
pH 10 Num(Und) Fixed 2 
Cations B Num(Und) Fixed 2 
Anions B Num(Und) F1xed 2 
SAR 8 Num(Und) FiXed 4 - ... 
Ba!Err 8 Num(Und) Fixed 2 
Toluene 6 Num(Und) Fixed 3--
Benzene 6 Num(Und) Fixed 3 

•.:.: 

Figure2-11 

still have..the templa te, CWW.OOO, intact, in the case 
you want to go back and start from the default. 

-~· 

- -~---
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STRUCTURE FILE 
MENU 

· __ = 2.4.1. .. :. W riting Data 

CHAI'TER2 DATA BASE STRUCTURE 

NOTE. Remember the Windows way of 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 dp
tions on the menu: Data and Exit. If this becomes a case, use 
the combination of keys ALT and F4 . 

This termina tes our example nurnber one. 
··. 

- -- . .., 
¿ ·. Structure_ to 

-standard ASCII-· · 
- ::_.-.:: __ _. · · . Files Youm~y save a data structure file as· an ASCII file.-ThiS e. ·;'; .. _'-~_- -~ 

___ ·~ .,_ ·::~::.'~: · -- . . option will become available only after you select an ex--~:-_ _ ·-· :.1 
,-.. ·-~-= ···::~--=-. .... . . isting data ,file strl,!-cture. Suppose you wish to d_elete.~ /:. · '':-- ::~:~_.-_:: 

·-·--:=:;-o....._ ·· N02 from the list of items.in the _chernistry-part-óf ~~~-(-.~-2;;if~.~ 

:-tj::~::~}~;-~~~. .. ~:;at~:~a:r:r:;.:~.d~:;!:e~:~~~t:ot~~~ un- :·~f~·;j::*1t 
--.- ·-·-=-~-~..:.....-·_- -- ~--=~-- -- ,._ 

~- --· _......,_:_·. -~.,i;:<;-_ -· .. l. Select Tools fróm .. the main menu.-- ·. - - ··· 
=\~--- --~:-_~~:·-~---:~ -~;~_~;~-~;~~~-·=-;-.: ___ ------~-~- -_-----·· :·.-:__ -~-- .-: __ -._.·· 
:..=-.-: .:~"';.:' :- -·· ____ ·- . "·-""' ·¡ --.~ ... ;: :-. 2. Sele¡;t_.flle Strugqr_e Des1grk ..... •· · · .. 
:~~-:·~~.;=~~)~:';:3;:--:::~H=;::::-:;.:,~~:: .. I·-~~·:{se!e~FJ!e~. · __ .. -· . -- -~:.. -.. -~: -
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~~t)~~!~~~!5~;~ITJ~~~~ªt~J§~~~~~~~l 
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Mg 
Na: 
K 
Fe 
Mn 
8C03 
C03 
504 
Cl 

Figure 2-12 

Fixed 2 
Fixe:d 2 
Fixed 2 
F1xed 2 
Fixed 2 
FJ.xed 2 
Fixed 2 
Fixed 2 
Fu.:ed 2 
Fixed 1 

Filen•me: Llch_e_m_.-'-str ____ _JI 1 OIC .• j 
Directory: C~GWD 

File~: Directorie~: 

f •. ) 
f-a-f 
f-b-1 
¡-e-) 
1-d-) 
H-1 . 
~m·r 

·Figure 2-13 

1 c •• .;;;q 

Chem.str will be a regular (standard) ASCII file, 
whii:h yoú may edit using any text editor. . 

. At this molllentyouhave created an ASCII file, which 

. will be stored in your current or working directory, and 
. you have also modified your data base internally ... · 

- .~ ... ~ .... 

·-. 
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YÓu may also importan ASCII data structure file and re-. 
p1ace your standard file with the new file .. For example, 
if you wish to rep!ace [m another data base] the standard 
chemistry data structure file (built into the template 
GWW.OOO) with the file you ha ve just created, Chem.str, 
proceed as follows: 

l. Select Tools frorri the main menu. 

2. Select File Strucnue Design . 

3. Select File: 

4. Select O id. 

···-·:.~- . 

-;;- - '- . -' ~ 
. ' 
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9. Check its content, edit it if you wish to, and exit by 
clicking on O K. To see sorne options in the editing of 
data structure we will add Zinc content to the lis t. 

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 as shown in Figure 2-15. Click on 

Field Name: \Zinc 

Field Le'--n-~1-:-h.-. 'l1-0--,--__j 
T~e----------------. 

Owerr ldent 
O Character 
®:;¡;.;;~;¡e: 

O Ñ·~;~;¡; (Di m) 

O Date· 

O Time 

Figure 2-15 

..... 

Numeric box. Remember· that the concentration of a 
chemical constituent is a nondirnensioned nurnerical 
value. After you click on OK the dialogue box as 
shown _in Figure 2-16 is displayed. 

Field Name: Zinc 

Number-of Oecimai[Sig~.) Digils: [] 

Formal 

® Fixed Point · 

O Exponeni 

O Floating 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, oras 25 if 
the floating point format is selected. It will be typed 
as 2.5E+01 with the exponen tia! forma t. 

12. Click on OK to .termina te this operation, then again 
on OK to clase the data struct4fe editing dialogue. 

13. Select Exit to return to the main menu. 

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

When you ópen a new data base the default data file 
structure as contained in the \GWW program directory 
under the template file GWW.OOO is used. Whether you' 
modify a parameter or not, this data file structure be- . 
comes associated with the data base name you gave to 
the base. When you open this data base next time, the 
program does nót read the default structures from the 
\GWW directory but uses its interna! data file struC:ture,. · 

Yo u Ínay re place the ·standard data file structure by; 
either editing ope or more of the data structure files, or 
by rea.ding an input ASCII data structure file. When you 

· read aÍ\ ASCII file and save it, it replaces wha tever was 
befare declared as data file structure. 

You may modify the data file structure in an existing 
· datá base with or without data ·typed in. GWW will first 
copy your data into an iternal backup file, so that you 
.will not loóse data. However, it is advisable to first copy 
all information in ASCII files usingthe option Standard 

· ASCII Output that is available in every application. 
· Onée 'yoi.í ha ve modified your data file structure, you 
may read these ASCII files if you did loose accidentally 

. -· 

~···· 

-~. 
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some·data because you modified either field name or 
any other attribute. · 

Remember, at the end, that all data processing and data 
management that follows is related to what you ha ve de
clared in the data structure interna! files. You will be able 
to come again to· this utility even if you have created a 
data base and typed data in. A careful plaruúng of your 
intended data input and the ways in which the data will 
be reported, d.isplayed or presented, reduces greatly the 
risk of loosing data or wasting the timesearching for in
consistencies . 

. ~ ... 

.·· .-
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-:--.-
3.1. C~U!:PI' OF 

FORMS 

3. l. l. - General 
' ... ~ This chapter introduc-es the Fonn Too/. It is located on the 

rnain rnenu bar, Tools, as a subrnenu under two narnes: 
Data Entry Fonns Editor and Report Fonn Editor. Yo u will 
use one or the other depending on whether you wish to 
crea te and/ or edit data entry forrns or data reporting 
forrns. The ernphasis of this chapter is on creating your 

,own forrns. 

There are two rnajor group of forrns: data entry form and 
report form. 

Data.·eni:ry forrn editor is áctivated as follows: 
... ~ . 

- -- ---,-------- -~------

-,~"<.• 

.. - ... ----
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.... >.-

... 

'· 

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

'-"· _ : 2. Select Data Entry Forrns Edito.r. 

-- -3.Select an application for which you wish to change or-
· crea te an entry forrn. .. 

Data reporting forrn editor is activated as follóws: 

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

2. Select Report Forms Editor . 

. 3. Select an applicaticinJor which you·wish to change or --- ,. 
crea te a reporting forrn. Notice that the menu contin-
ues prompting yo u to choose between a single record 
or a table or group record. · 

_ 4. Select sii-tgleor.-table (general data) report (see Figure 
3-1). - . 

Ea}_'~:>.: ·' -The single report forrn refers to an individual well or 
.-- · ·· __ ._ _ sample. Table report form refers to tabulated data frorn 

more than_one well or sample. However, in the pumping_ . 
test applié:ation,_ there dm be. a table of pumping test 

' -·~~ - . 

' ~ - ' 
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_., Figure 3-1_ 

measurements (time, drawdown, pumping rates) for 
one single well, as well as a table with pumping test re
sults (transmissivity, storage coeffidents; etc.) for many 
wells. The first will belong to the group of single reports, 
and the second to the group 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 you can use predesigned 
forros. The predesigned forros are built into the data base 
templa te, GWW.OOO. These are interna! files, which you 
can retrive (using option Old in the sequence Tools/Data 
Entry Forros Editor/Form/Old) and modify." You may· 

·· also copy them to standard ASCII files and save them on 
the disk. · 

Once saved; you may e'fuflliem with a text processor, . 
and.,read.therTrinto the new data base. 

· The master data entry form from the GWW.OOO templa te 
is. reproduced in Appendix C. This master data entry .. 
form, when activated by the GWW program, displays 
the screen as shown in Figur_e 3-2. · 

The Form Editor splits the screen into two windows: list
. of-fields window on the left and form-editing window tó 

· · · 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 kfud of 
form selected: 

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

• colurnns (with a list of colwnn fields, which make a· 
table) 

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

d)f"N§#é1*ª 

Labol. 
:oc.y[mm) 

Figure 3-2 

The Form Edito~·-reads fÍeld names from u;ternal data 
structure files which are á part of either the GwW.OOO 
_templa te for a new data base or your own data base. For 
example, if you open a chérnical entry form for an indi-. 

. vidual sample, the list of data items the will be displayed 
onJhe left will be direct!y copied from the chemistry data 
st1ucture file, plus the iterhs from the master data str.u_io~- _-
ture file. - ·· 

Yo u may select·an ·existing forlJl or crea te a new one by 
_ clié:k1ng on Form on _the Menu bar (or by typing ALT F). · 

The following opticms are offered: 
'- -- . 

1 ,; ..... '• 
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• New 

• Old 

• Save 

• Save As ... 

• Clear Form 

• Standard ASCII Input 

• Standard ASCII Output 

• Print 

• Exit. 

Yo u will select New if you wish to crea te a new form: If 
yo u wish to use one. of existing forms (old forms) you 
will select Old. In this case a dialogue box will open of-
fering yo u a list of existing forms. · 

Any form that you select or create can be saved as an 
ASCII file if yo u select the option Standard ASCII Out
put. You may also read an existing ASCII form file by 

. selecting the eption Standard ASCII Input. You may 
print any form that is currently d.isplayed ar;d used by 

· _ selecting the option Print. If you use a color printer the 
fields, labels, or headers may be printed in colors. 

The. conteht of "Single Fields," "Col umns," and."Draw
ings" lisiings depend·s on the type of.form and applica
tion for which the form is.intended. The form is created 
by selecting oné' or more 'nontextual fields, columns, 
and/ or drawings.' Textual fields are selected or created 
from the next entry on the menu bar;New Field. When 
the Form Editor is activated, a li_~t with. all possible fields 

, -: fiom this and the Mas~r Data application is automat
:·: ·'ically m~ated depending on the application and the type 

ottoim. · · · · · 
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3.2. .. STANDARD Ea eh of the main modules has its own standard 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 elevatión data 
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field, labeled as Z in the data structure file, is labeled as 
Ground Surf Elev in the entry forrri. You may mod.ify 
this, and save the modified data entry formas standard, 
or under a different name. Again, you may use your own 
language, provided yo u hav.~ font types, and crea te your 
entry form in a language other than English. · 

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

Figure 3-3 
•. 

tion and·lithology . 

. One exarnple of a "foreign~ language data ·entry form for 
master data is shown in Figure 3-5. It is created using. 
Serbian language and Latinfont. On the left, the list of 

-data items is written in English, but it could ha ve béen
.: ~~- · createcj._in Serbian as well, using Data Structure Design · 

option~íteiñs could ha ve also been written using offidal 
Serbian alphabet with Cyrillic characters. 

' . 

. ~-. 

·,~· 

. -· .. 

,...,..,,_ . 
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Mfj$'f ét: 

' '. 
Figure 3-4 

Do not forget the difference between a Field N ame assigned l7y . 
you in a Data Structure File using the data structure file editor 
(see Chapter Two, section·2.3.2.) and Field Labelused 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 crea te your forms. Once selected 
t.o be placed on a form, each_field l.al:!d. can be replaced by an-.. 

Stanclato:l 

--

Figure 3-5 

. . '-· ... 

~----

. ;:. 
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3.3. REPORTING 
FORMS· 

3.3.1. Types of 
Reporting 
Forms 

.• CHAPTER3 FORMS 

other nmne, text, or font. Look al Figure 3-2. The data field
with the name X in the data structure file (horizontal coordi
na/e) is labeled Easting on tlze entry fomz. However, this item 
wi/1 be cross referellced in eaclz a11d every application by refer-

. · rúzg lo its data stmcture file nanze, which is X. 

The types of reporting forms available depend on the ap
plication, since each application genera tes -different 
types ofreport. However, two types of reporting forms 
are common to allapplications: 

.. 
•. Single record form 

- · __ . Table form- -- - - - -~- -· . -- -- -- ~ -----~- ~ 

3.3.2. 

. 3-7 

..... 

-·- . 

. - - -

~ 

. These expressions appear only on the Master Dáta op-: 
tion, while in other applications the labeling (teríninol
ogy)-is·modified·to better accommódáte-án application.-·' 
Regardless of the application, these forms ha 've COIIlii],On 
properties. . · · 

There is a special category of reporting forms, Nonstan-
. dard Forrns, which is used to rnix graphics among vari-

ous applications. · 

Single Re!!l)rd- . · ·Single record forins are created for printing information _. 
Forms for a single well, single chemical analysis, ora single hy- -

. drograph. The fields that may be included in such a form · 
are the following: :. .... · -

·-_: ~ • all fields decl~redin Master Data (identification, lo: 
catión, coordinates, elevation, etc.); and · 

• all fields declared in a particular .~pp!(cation. 

-' .· 

·-·-~ -

.. ,:._· 

.. · 



3.3.3. Group Record 
Form · 

,.¡;•--

3.3.4. Hydrograph 
Report 

3.3.5. Hydrograph 
General Table 
Report 

- ..,¡..¡- ;, -
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In addition, colurnns and drawings are also inclúded. 
For example, in the Chemistry application,. on~ analysis 
may report constituents and various parameters, plus a· 
STIFF diagrarn; in the Hydrographs application, a well 
rnay report a table with measured data, plus a hy· 
drograph iri a "drawing" field. 

A group record forrn includes lnformation frorn more 
than one well. A typical exarnple is a PIPER diagram 
which presents atable (Colurnn) with well/sample iden
tifications, plus a drawing containing a PIPER diagrarn 
with allselected sarnples. Prior to creating such a group 
r.eport, yo u should selecta working gro u p. This is a sub
set of all information in your data base on which you 
wish to work and present in a group report. Fields which 
are "Single" in single record formare "Columns" in group 
record form. . ..... 

This is a report of the single report type. It is made of 
columns which contain rneasured data and a graphics 
field for a hydrograph. · · 

. This is a report of a "table forrn," with generál inforrná-
tion and data from·the Master Dat<: entryform. · · · 

..... 

' --~Y> 
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3.4. FORl\1 EDITOR 

3.4.1. EféiheiUS' óf a · 
Form 

Frame 

CHAITER3 . FORMS 

Frame is a rectangular outside edge of a form, which can 
·be edited by Attributes from the M en u bar, using the o p-

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

• ··Horizontal offset 

• Vertical offset 

• Width 

• Height 

· If yo u intend to print yciur reports on a "11" by 17" or an · · 
A3 format printer, yo u may select the width and height · . 
pararneters accordingly. Yo u should select the)_r~rne_ a_c_- · __ . 

·o-- o -- -- ~- - · cording to the priñteryou iriténd to-use. Yo u may orient 
your reportas portrait or landscape and select the frarne 

. -· . width and height accordingly. 

Sizjng and posjtionjog a· -· Frame is used for positioning and sizing a field in th~ 
· · ~ · . following way: · · 

...... 

< ---· . 

:!.-;,.---'- • 

---· 3-9 

--~ 

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

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

.. • When a new data field is generated, the Form Editor 
will ati.tomatically assign its size and wiJl position it 
to the right of the last field provided it fits the frame. 
If not, it is placed into the next line. In this way the 
horizontal size of the frame is us~d as a default for 
locating fields. 

..... ~. 

.· 
' .. 
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Rulers 

ldeotjfication WjndoW 
on the Forro 

Display Fui! Fonn or 
Noanal Display · 
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• When a header is defined, its width is equal to the 
width of the frame and it is positioned at the top of 
the form. 

• When a drawing field is defined, it is located 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 the reporting form; i ts height is such tha t i t 
occupies the whole vertical space down to the bot
tom of the frame. 

On the.Form Editor menu bar under Options you may 
select to display form rulers. This.is a switch which 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 rnillimeters by 
the default. 

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

At any moment when you are_in the Form Editor you 
may select to display the full form or you may work with 
the normal display. This will depend on what size of the 

· screen you ha ve. On a 20-inch monitor yo u may work all 
the time with full display, but on a 14-indt monitor the 
normal display is your orúy chance! In the Display.Full 
Form mode sorne fonts may not appear right. Do not be 
alarmed. This is orúy in viewing the form, not in printing 
a report. (At sorne time, the Form Editor is not truly 
WYSIWYG.) - . 

" .. 

.,. . .. . 



3.4.2. · Adding Ficld 
toa fopn .. · 

3.4.3. Te~:t Field 
Attributes 
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New Field on the Menu bar offers three options: 

• Add Header 

• Add Text Field 

• Add Drawing Field 

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

A text field may ha ve the following attributes: 

• Field N ame 

• Border 

• Background 

• Field Label . ~ -·· .. 

• Label Font 
·····- ---· e~· :-·- ·--·-:-··--:·-· LaoérCólor ___ -···---.. -. -· ----

... · 

--.-.-
. 3.4.4. .Field Name · 

.. ~-· 

3-11 

.e Label Álignment 
,.,L' 

Yo u may úttly add or moclify the attributes of an active· 
field. Only one field can beactive_ata time. You actívate· 
a field by moving the mouse inside the field and pressing 
the left mouse button. If this does not work, m ove the · 
rnouse outside of any field, click it once, then rnove the 
rnouse inside the fieldyou wish to work on and click the 
rnouse again. (The first rnethod will not work if the field 
yo u wish to activa te is placed within another field.~Then -
you rnust deactivate the larger fielct'by clicking outside -.. 
of it.L • · 

, ... -
Field Name is a text string which uniqueiy identifies an: 
entry field.It is irnportant in creating a reporting form to 
use the.same text string for a reporting fiel d. For exarn-

>· 

'-~-

-·--- ........ 
- ,.._ 1 • 

" -
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3-4.5. Border 

3.4.6. Background 

3.4.7. ·- Field Label 

..... : 

3-4.8. - La~--
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pie, il in the chemistry 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-sensitive, exact nurnber of charac
ters or blank spaces). 

NOTE. Remember again, that in the Form Editor mode you 
must not modifiJ field na mes. If yo u do it, you should al so mod
ify data field names in Data Structure File Editor. 

Border includes the user-defined solid frame around a 
field and shadowing of the field. Borders can be thin or 
thick, as spe9.fied by you; they may include fuli fr~me or 
just one of the four lines (left, right, top, bottom), or none . 

. Shadowing can be thin (nurnber 1 or 2) or thick (nurnbers 
3 and 4). 

Background refers to the color selected by you to paint 
a fie_ld. The whole color palette provided-.By the Win

-dows is av·ailable. Ea eh field can be painted. 

Field Label refers 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 é:onductivity, the field !abe! may be typed'in--
Spanish as Conductividad. Unless you change it, the 

· field !abe! will be identical to the Field Na-ine selected in 
creating a forrn: 

-- Label Font is user selectable. Whatever comes with Win
dows can be U?ed. The selection is standard as explained 
in the Windows manual, that isyou may select the font,
the size (points), and style such asbold, normal, or italic. 

"'"'~ ... -

-. 
-" 

-... :· 

······ 
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Yoi.! rnay use various fonts such as Cyrillic, Arabic, 
· Greek, Hindi, etc. 1 

• 

3.4.9. Label Color ... Label Color is also ·user selectable. Ea ch. and every la be! 
can be colored differently. You rnay select the color by 
sliding the three slides (R,G,B) or by directly selecting a 
color field frorn the palette. 

3.4.10. Label 
Alignment 

3.4.11. Options 

Label Alignment is used to align the label either as left 
or right aligned or centered .. Thelabel can be placed on 
top, center or bottorn of the field. · 

Options let you select to have a ruler displayed with the 
forrn and/ or to display the fui! forrn, as discussed ear· 
lier. Rulers extend beyond an A4 or legal paperforrnats, 

. . . 

-""""'"""---'-'=-'='-'-==.:...· ·:·-·· --· ---------.- ---. 

3.5. 
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CREATING A · In this section the general procedure in qeating a new 
NEW FORM · forrn is explained. The exarople which follow~ will give 

yo u a better feeling for this routine s4pported by sciéen 
displays reproduced in the manual. . . . . . . ..... . 

J. Select New from the Forro menu. 

2. From Single .Fields ~indow, select fields you wish 
· . displayed ín your entry forro. · 

. . 
3. Start with Weil Ident. Not:Íce where. the field will be 

. displa yecj. 

4. To modify its attributes seleétAttributes. 

s·. From the Attributés menu select·Border. Notice two 
·· ·-·· . options: Frarrie and Popup Shadow. With Border, 

. you roa y roake a fraroe around the whole field, or 
with one, two, three, or no lihes. Yo u roa y also control 

. · the fraroe line thickness. With popup shacl.o.w, yo u 
roa y ha ve a·pa:ir of shadow lines (left and bottoro, left 

- . .-, . 

... ~ .. ~ .. 

:_·_:.:·. 
- -;~ _-

·'·:.: 
. -... 

: .. ··: 

... 

.. ..... 

··.:-... 

J ~ :,.
', . 
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and top, right and bottom, right and top). You may 
also assign the shadow thickness'. . 

6. Stretch the field, if yo u wish, by clicking on one of the 
corners of the field and by dragging it with the 
mouse. Move th~.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: Aria!, 16 points, and bold style. 

12. Change the label foht by selecting Attributes and La
be! font. 

13. Move the header toa suitable location by dragging it 
with the mouse . 

. 14. When yo u are finished, select Form and Save as .. 

·15. Type the name yoU wish this new entry form to be 
saved nnder. · 

3.6. . SELECTING · To select an old form: ·· 
AND EDITING AN 

OLDFORM · .• 
L Select Form. 

2. Select O id. 

i Fro'm· the dialo~~ box labeled as Load Form select. 
c:JI1~ of the eXisting forms.Normally only the stand-.. 
ard form will be offered when you startthe program. 
Xou rn.aycreate:many more forms and selei:t one of 
your own forms. Double click on Standard or click 
once on Standard and dick on ENTER.The standard 
entry form willbe displayed. .,.. 

_______ _;_, 

3-14-

·,· 
. .._._' 
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3.7. READING FROM 
. AND WRITING TO · 

ANASCIIFILE 
DATA ENTRY FORM 

- 3.7.1. 
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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 

so lid line around the field beco mes dotted. Now yo u 
can select Attributes and any of the attributes 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 toa 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 na me for this 
entry form. 

Reading From- ··,You·may read an entry form file created and ~~ved asan· · 
.· anASCII File ·ASCII file. For example, if you have created· an ASCII : 

--~ntry form_file_<!_nd_ha:v.e __ giv.en_i Uhe.name.MAS-- --o_-~--.-.-
- . - .. . -.. ._ --.----:--

3.7.2. 

. 3-15 

'- -:_ ... 

.. TERl.FRM, yo u may retriev_e· it as follows: · 

. l. Select Tools from the main menú bar. 

2. Select Data_ sntry Form Editor. 

3. Select Master Data application. 

4.-Select Form from the menu bar. 

· · 5. Select Standard ASCII Input. 

6. Select the filename MASTERl.FRM from the list of 
filenames in the dialogue box .. 

Wri~ an · You imiy crea te your own eiltry form and save it as an · 
AS~-~ : .: . ÁSCII file. The following procedure create15 an ASCII en-

. •.. . . try form file with the filename MASTERl.FRM.. · · 

l. Sele.ct Tools from the main menu bar . 

'- '.-

.... ···~. 
_'¡. 

. ~ 
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2. Select Data EntryForm Editor. 

3. Select Master Data application . 

4. Select Form from the m en u bar. 

· 5. Select New. · 

6. Crea te your own entry form from the fields offere.d on 
the left side of the window, using new fields for head
ers.· 

7. Select Standard ASCII Output. 

S.Type MASTERFRM as a new filename in the clialogue 
box. · 

·"3.8. PRINTING AN Yo u may print the entry form w hich is curren ti y selected. 
ENTRYFORM 

:_· . : . 

3-16. 

l. Select Form from the menu bar . 
.. 

2. Seh!Ct the default form oran o id fórm; crea te your own 
by selecting New or input an ASCII entry form. 

3. Select Print. The displayed entry form willbe printed. 

NOTE. You cannot selecta printer or print orientation from 
-· this utility. You must firsf check which printer has been 

selected in either one of applications or in the Windows 
Control Panel. · 

, rl-•• , • .e 

:: _._, ~ 

•·'-··· . -~- ·-

- ,...__..· 
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3.9. EXAMPLE 

3.9.1. Create a New 
Master Data 
Entry Fo.nn · 

. .:-
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. 'EX912v[p .L'E TWO 

The task will be to crea te: a ~ew 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 

-: -L eacl1aci:ivity.~ ' - · · -- ·- · · ' _::f ': --· 

· ... , 

l. To start this exercise; select Tools from the main menu, 
----~--then s¡:!lect.Data.Entry.Forms,Editor.-The-screen-is as-- ---·---

shown in Figure 3-6. Click on Master Data. Yo u are 

.. < .. ·--..... 
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Eumping Tests . 
L....;=~-.,.,,.-----~. !:!ydrographs 

~- Welll..ug_ . 
~tep Drawdown Test 

s ; ie· e"'""" 
•tzr 

Egure3-6 

' . -·-· 

J' 
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offered a blank form, Figure 3-7, with the list ·of al! 
·~ dftB'1M§i§·i.441%## :;;;·¡:~· 
fgfm NC"W field Amñbulu Qpaont l:lclp 

Sln¡¡lc fickb 

cll ldcnl 
CICIIpbOO 
llrtrod. 
oc:.hly 

lí ,¡ 
'y i 1~ 
~~~p St>ccl No. 
IYcar ni Conf1rudlon 

Figure 3-7 

Type. 

Lilbcl 

K.y[mm] 
d><.dy··· • 

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 Times 14 bold font, add shadow to the right and 
above the header field. (You may also exerdse with 
!abe! color and background color.) · 

2.1. Click'on New Field. Select Add Header. Type 
Master Data Entry Form- Guarico DataJ3as.e into the 
Field Label dialogue box. The display is as shown in 
Figure 3-8. Select OK. The header, which is riow an 

·· .object, is placed on the form. You will see that this 

·- ........... 

1 Master Data Entry Form- Guarico Datai:Jal 

~---

.. 

Figure 3-8 

... ... , . 

.. 
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object has square handles on the corners. Yo u 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 the handle for about 1 cm 
downward. N atice that the object becomes larger. 

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

Field ).abcl 
label [ont 
label ,!;_olor 
label [!lignment 

Figure 3-9 

layout, you may edit 
this form prior to con

. tinuing creating your 
.. entry form. 

2.4. From the Attrib
- u fes menu, select Label 

Font. The dialogue box, 
as shown in Figure 3-

. 11, offers.all fonts avail
able tci. yoi.i: However, 
rernember that the· 
fonts that are offered to 

·yo u are· the enes. that 
. .- you have installed in 

your Windows. The 

- ~·-

and square handles), se
léct Atfributes. 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
ti ce the bottom option 
on this menu, Frame 
Setup, which when 

- clicked displays the_dia--:::- · · 
Jogue.box.as shown in 
Figure 3-1 O. It refers to ' · 

. the entire form size and -
horizontal and ·vertical 
offsets. If yo u anticipa te., 
having more data fields, 
or wish to use another 

Horizontal Offset . [O 
Vert_ical Offset~~~~ O _ 

Width (mm) [!20 
Hcighl (mm) [!20 

Figure 3-10 ·· 

---. 

·=·. 

.pr. .• 
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O!talic 

O !lnderline 

Figure 3-11 

font availability has nothing to do with the GWW 
software. Select Times Roman, select 14 points, cl,ick 
ori bol d. Click ori OK. - -

2.5. To add shadow, click on Border. The display is as _ 
shown in Figure 3-12. Notice two options: Frame and 
Shadow. Frame refersto adding lines to the field rec-

Frame 

. ~· 
~ Full Fr;;me 
0None 
~left 
[2J Right 
~Above -
[2] Below 

r r:oi(:' <1 

Popup Shadow _ 

[] .. 
[2] None. _ 

Oi:.~tt-
0Right 
0Above· 
0Below 

r·cailrer>l . 

Figure3-12 

,.,, ... 

. ·-:. 
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tángle. By default it has al! four si des filled with salid 
lir:ws of thickness l. Shad9w 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 mi..llimeters. At sorne point during cre
ating the form, click on Option, and place the ruler 
on the forrn. The ruler is in mi..llimeters. 

Select popup shadow by clicking first on nurnber 3, and 
then on the right and abo ve boxes. SelectO K. The screen 
is now displaying the header field with all its attributes 
(Figure 3-13). 

• 

Master Data Entry Form . GIIMico Da~ Base 1 

· lo4aaEr Data [nb'y Form -Guari~ O~tt ~' 

Typc· Tcxt ' . .... 
Label Master Data -- f 

x..frmmJ (1.7) (131.22) _ ~ 
dx.dy (190.15) " 

Figure3-13 

. 3. Add severa! more fields: Well Identification, Descrip~ . 
tiori, Location (not Localit)r as in the listing on the 
left), x·caordinate, Y Coordinate, Elevation...(m 
AMSL), ar)d Map Sheet No. Foral! use Times 10 (nor-

. mal) font, except for Well Identification use Times 10 

•• ? • -·. 

. bold. Separa te Well Identification from the rest with 
a thicker shadow frame, using left and lower shad--· .. · 
ows. Crea te .a background color foral! data fields ~x-
¡;_eyt for-"Wellldentification. · .,. 

. ~·- ·.;._~ 

-. 

·~·..,o-... 

. ~: 

. ..... 
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3.1. Click on Options and select Show Rulers. 

3.2. Select Well Ident from the list on the left. M ove 
the field a few millimeters clown, to separa te it from 
the Header field. Make the move by clicking inside 
the field and dragging the wholefield. Expand the 
field slightly to the right. Do this by clicking and 
dragging the right upper handle. Try to combine 
both m oves 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 La be!. Replace 
the word Ident with Identification. Select OK. 

3.4 .. Select Attributes again. Click 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 fiEiÍd 
to cover about 10 by 8 cm. . 

3.7. Select Attributes and Background. Select any 
·color you want by clicking on a small rectangle in the 
palette. Click OK. The screen display is as shown in 
Figure 3-1.4. 

1- Master Data F.atry Form · Guariro Data Bu e 

1• 1 
. 

~·~-· ~~; .. 
. ; 

1 

•• 
. , 

• 

• . '· _., ., ' ' -' ' .. 
-. -· Figure 3-14 • 
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3.8. Click on Description in the list on the left. Move · 
the field into the colored field. Resize it to fit. Select 
Attributes, followed by Label Font. Select Times, 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 La be! Fónt. Select Times, 10 points, and 
click on OK. Select Attributes again, then Field !abe!, 
and correct Locality to Location. · 

3.10. Click on X on the left. Select Attributes, fol
lowed by Label Font. Select Times, 10 points, and 
click on OK. Select Attributes again, then Field !abe!, 
and add Coordina te after X. 

3.11. Repeat the saine procedure with Y, changing Y 
to Y Coordina te .. 

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

3.13. Fmally click on Map Sheet No. on the left. Move 
the field to the lower right si de comer on the form:-
Select Attributes again, then Label·Font, and click on
_Tirnes, 10;and bold. Add shadów by sélecting Border -~. 
_ from Attributes,using the number 1 f.or the thlckness. 

. of shadow, and click.irig on boxes left and below. · · 

The final forrn is as shown in Figure 3-lS.:Ihis termina tes 
. exarnple two. · 

' -· 

. "" •,;·.,,. ,,•-, . 

Figure 3-15 
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3.10. Noristandard This is a special category which appears in Report Forro 
~~Forms Editor and in severa! applications (hydrographs, pum p-

. · ·. ing tests, welllogs, step-drawdpwn test, and grain size 
curves). It is used to create a rep6rtwith severa! draw
ings froro different applications on the same form. The 
only type of data are header. text fjeld and drawing 
.firlill;. Each drawing is named, say PT-Ml, HG-Bl 
(pumping test at well Ml; hydrograph at well Bl, etc.). 

1, 

Figure 3-16 

The procedure to print a composite report is the follow
. ing;.. ' ' 

l. Crea te a Nonstandard reportingform using the Tools 
menu and Report Forro Editor. Notice that this is a spe
cial category which is not related toan y applü;:ation. Cre
a te severa! drawing fields and assign to each a name. 
Write down the names of drawings yo u wish to use, and 
their corresponding sizes (width and height). Rerriember 
that in applications·you are normally asked to selecta 
drawing' size. 

2. From an application save the currently displayed 
graph as a drawing (use option Reporting, and S ave .. ). 
Use \he. sa¡;ne name fór the drawing as the one ·yo u se
lected wP,e'n you created:the noristandard reporting . 

-,.. ~·- ·. form. . , . · .· · · · · · · 

. 3-24 
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3: Go to another applicáti!?n- Repeat the sá·me proéedure. · 

4_: When you ha ve created all drawings that you wish to 
place on that "nonstandard" reporting form, selectop-_ 

..... 

. ..... _ .. --
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tion report from whichever application, followed by 
Print Nonstandard Report. From the_dialogue box 
which lists al! available nonstandard report forms select 
the one thJt you ha ve crcated for this purpose: · 

One of typical examples would be to place a chemical 
diagram anda pumping test graph next to a welllog and 
si te location map showing the pbsition of that well rela
tive to other wells. 

You may use the Nonstandard Reporting Form to place 
severa! graphs belonging to the same application on the _ 
same form. This applies to, for example, hydrographs, 
pumping tests, or welllogs. 

. . · .. 

....... ~ 
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CHAPTER FOUR UNITS 

4.1. GENERAL 

4.1.1. Unit Type 

4.1.2. . Units 
-~-

·-· . 

4.1.3. Conversion 
-~ 

--·:-
F~ctor 

·- ·. ' 

. ~ ... --
4-1 

The GWW software package has a very flexible system 
of units. Yo u may use a default system, which is created. 
by the programmers of the GWW, or you may replace 
this system with your own system. 

In the GWW software the following terrninology is used: 

• unit type 

• unit 

• convérsion factor . 

,,.,_ 

e Unit type is the major category of units: length, time, vol-_ 
• ·cume, area-; flowrate,:tran5rriissivity, peiineabliity orhy

draulic condué:tivity are examples of unit types. ·
Although the standard GWW units file, by defAult 
named GWW.UNT and located in the \GWW directory, 
contains more types such ás temperature, force, velodty, 

. pressure, energy, etc., the GWW software needs only the . 
· following types: leng~,Jime, flowrate, transrnissiDility, 
permeability, an.d.:velooty. · 

Cubic meter per second,-square meter, minute, gallon 
per da y per foot, etc, are UNITS. Parts per million is also 
a unit. . 

,. 

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

·" 

. . . 

···-·· 

. ;-



4.1.4. Basic Units 

4.2. 
- . ..,._ 

WORKWITH 
UNITS 
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of unit. For instance, if unit type is Tll\IIE and its basic 
unit is SECOND and the new unit is MINUTE, the con
version factor should 15é 1 (second)* 60 /(minute), that is 
0:0166667. . 

Each type of units (length, area, volilrne, time, flowrate, 
etc.) must ha ve one unit that is referred. to as the BASIC 

· UNIT. It is irnportant 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 pumping rate 
(flowrate) is m3 /s, for transmissivity m2 /s, and fór per
meability m/ s, regardless the fact that yo u may notwant 
to use these units. (In every part of the program, in its 
applicatións, you will have a chance to select your own 
units for computation and reporting.) 

· Yo u may crea te your ówn systein of units, for example 
using American units. However, you will not be able to 
define as basic unit for pumping rate gallon per minute 
if you have defined foot as the basic unit for length. o 

4.2.1. · Units as a Too! Normal! y yo u do not need to be concerned with this part · 
of the GWW software package. Almost everything you 
need is al~eady pre-programmed for you. You may, 
eventually, use this utilityas a calculator for converting 
sorne units that you may need in other programs or in 
your routine hydrogeological work:·only if you wish to 
ill.Clude sorne uncommon units that. the programmers 
were not aware of, yo u may ekploit thé features of the 

·- Units TóoL - . . .. o • 

If you wish to explore or modify the units, you should 
do the following: · o 

-·' ....... 
4-2 

. ·~ . 
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l. Select Tools from the Main GWW menu bar. The sub
menu as shown in Figure 4-1 willappear. 

tlelp 

Data E.ntry Forms Editor 
.Beport Forms Editor 1> 

l,!nits 

Figure 4-1 

2. Move the cursor to Units or type letter u: The subpro
gram Ul\TJTS.EXE is loaded and the screen will dis
play Unit types, Units and Factors as shown in Figure 
4-2. You will notice that context-sensitive HELP is 

. also available for this part of the program . 

. ,· 

!!nit System ~onversions .tf.elp 

UnitType 
. ·'t 

Tu. e .,.. 
Volum.e :+ l<rea 
Flourate :;;' .. 
1Jeloc1ty '"' 

Tran:;rus.si vi ty 
PerG.eability .... . 
Pre~sure 

~~m.perature ~ 
nerav · ~ ___ ... 

1 " Xil dti;,;;, jypé . • . : J 
1 .i tieJeie:rY.,e> ... j 
1' .· . .Belt.me r)!¡>e. l 

... 

c_m. 
mm 
lDC::h 
feet 
ya.rd 
:ru.le 

Units and Fadors 

.,... ,D-.01 
o 001 
0.0254' 
o 304878 
0.9144 

'1609 

1 .· · Add Nev/l.illit J 

1 ó"'cti Unlt. • 1 

Figure4-2 

. -- .. 

i 

. "' 
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The prograrn loads the unit systern that is curren ti y dis
played Using the file GWW.UNT frorn the \GWW direc

. tory if this is a new data base. If this is an established data 
base, the GWW prograrn will associatc with the base the 

· ·- unit systern that you have worked with and have saved 
together with other data. 

Modifying Unit 
Type 

lf you wish, for exarnple, to change the narne of a unit 
type you should use the button Ren~ine Typé. You rnay 
add a new type using the button Add New Type, or yo u 
rnay delete a type of tmits. As an exerdse renarne the 
i"';pe perrneability with Hydr. Conductivity. · 

Adding New · 
- Unit - .... 

,,. 

. l. Move the cursor down to the line Perrneability. 

2. Click the rnouse on Rename Type. 

3. In the dialogue box tha t will open type the new na me: 
Hydr. Conduchvity. 

4. Click OK. 

Here, again, is your. chance to replace English-wri tten 
types ofunits with types of units in your language: 

· You mayadd 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 s¡¡¡;ne unit from the lis t. 

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

2. or{'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 willdisappear 
from the list. 

4. Select now Add New Uní t. 

5. In the dj,alogue box that wÍll ~pen you will be 
prompted" to type the new unit name for the Type = -. 



........... 
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Transrnissivity. When you type gpd/ft the screen 
should loo k as shown in Figure 4-3. · 

~1 Units (c:\gwd\guZ~rico.gwwJ 

1!.nit Sys1em _g_onversions .ttelp 

"-~-"-\ ____ G_ww-__ -_N_ew_u_ni_t ____ f~rs 
Unit Na me fTypc = Transmissivity) 

1 gpd/lt ¡ 

\ OK J 1 Cancel j 

000111574 
00000166468.¡ 
00001036522 
8956045 
000001385749 

S Ádd New'IYJ>e • j 1· · Add ·NewÚo~. • • j 
... , QOJete Typc . ,, 1 . 1 , , o!;_if:te u.iit , , 1 

1 

'· 'il~mimeTyp~ ; 1 1 Rén.ime U~it. !\' · ·Edil F8cÍnr 1 

Figure 4-3 

6. Click on O K. 

__ 7. Anew dialogue box'will openprornpting-you to enter -- --- -· 
a conversion factor which will relate this new unit 
with any other unit of \\)is type. On the right side the 
lis! of all currently selected units for this type will be 
shown. For exarnple,y yo u know the conversi9n be- . 

·; . tween gpd/ft and m /day, you may select'm /day 
using the upper and lower arrow buttons on thé 
screen display. The screen willlook as shown in Fig
ure 4-4. 

En ter conversion factor 

1 gpd/ft = 

Fig11re 4-4 

' .. 
" .. 
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8. Select m2 1 da y and type .01242. The screen willlook 
as shown in Figure 4-5. · 

Enter conversion factor 

1 g p d(ft = Ll.o_1_24--'2lc..._ __ ___¡ll m2/day l.! 1 

··•· ·OK <11 Cancel 

Figure 4-5 

9. Click on OK. 

Although you have typed the conversion factor relating 
the unit gpd/ft with the unit m2 1 da y, the list of units and 
factors~ which is shown in Figure 4-6; shows the conver
sion for gpd/ft relative to the basic unit,-·that is to m2/s 
(see also 4.1.4 above). 

. ... -

Unit Type Units·and Factors 
Length l. Time 
Volume i 
Are a é': 
Flovrate ;:< 

J'l2/s 1 
m2/day· .. -~ o .IJ"OOOll1574 
g(UJ()pd/ft .. o .0000001664684 
sq ft/day o .000001036522 
:o;r] f t/sec o . 08956045 

Velocitv· 

\ ; Perm.eabl-ll. ty 

. . 1 11 

Pressure -P Te11perature 
Enerov .¡. 

., .. 

Figure 4-6 

- ,-:_;. --
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4.3. UNIT 
CONVERSION 

UTILITY 

UNITS 

. _ This is a calculator which you rnay use to recalculate 
- sorne values expressed in one. unit to their equivalents in 

other units. For exarnple, you rnay wish to calculate 
length in feet. Once you are in Units subprograrn you 

· should select conversions (see Figure 4-2). The GWW 
Unit Conversion Utility as shown in Figure 4-7 will be 
displayed. The procedure is as follows. 

Valume 
Area 
Flowrate 
Velocitv 
Trans11issivity 
Perm.eability 
Pressure 

Figure4-7 

l. Move the cursor to the unit type that yo u wish to ex~ 
press in another unit. In this case select Length and 
click the rnouse. 

.... _.-

2. _ On the right side of the display, Equivalent Values, 
click on the line showing feet as the unit. The pro
grarn automatically replaces the conversion factor 

'''-with the number 1.00000 and places the §_~me 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 va~ues, as shown in Figure 4-8. _ 

........ 

. ' 

· .. 
l : 
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Figure4-8 

On Units menu bar (Figure 4-2) yo u will notice option 
Unit System. Wheri you dick on UnitSystem the display 

· looks like shown in_Figure 4-9. You have three options: 
. ~- ~·- ' 

,.,. ,.,._ 

Standard ASCII Output 
·Load S.tandard GW'W Units 

E~it .. 

Figure 4-9 • : .. . 

-·· 

.· .. 

Alt·F4 

... 
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l. Standard ASCII Input 

2. Standard ASCII Output 

3. Load Standard GWW Units 

Option o.ne is used when yo u wish toread from an ASCII 
"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 sysúim of units with the GWW default or standard 
system. 

If option one is sélected yoÚ. will be prompted Jor the 
ASCII file name as shown in Figure 4-10. If option two is 

Filename: c:lA='--__,.-.-Jl , .. oí( 1 
Dircctory: C~GWD .. 1 C~~;;;.q 

Files: · Directorie.~: 

gww.unt ( .. ¡ 
~·i 
j·b·j 
¡-e-] 
j·di 
H-1 
·~·! 

Figure 4-10 

selected, you will be prompted for an output file name 
under which the current system of units will be saved. 

· Option three, when selected, will search· for the file 
.GWW.UNT in the \GWW directory. 

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

' ...... -
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Each application handles units that are specific to that 
application in its own way. Norrnally yo u may view the 
units currently used (using option General Data Units). 

___ · These units can be changed within ah application. 

In sorne applications yo u decide on current units for data 
measured in the field. You may convert from metric to 
practica! American hydrologic 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 
app!ications. The units must be consistent, otherwise 
yo u m ay end up by not being able to add sorne lines onto · 
cross sections. This will happen if you create the data 

. base in feet and decide to use metric systern for cross sec
tions. 

~~ ..... 

· ... ,-
.,.....,.. 

. ., .. 

. .. 
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5-l 

5.1. GENERAL To begin with you should know that the GWW packagé 

·-. ' 

comprises the following applications: 

• Master Data 

• Chemistry: Samples 

Chemistry: Concentration-Depth Series 

Chemistry: Concentration-Time Series 

-• Pumping Tests. 

• Hydrographs 

.- Mapping 

.- Cross Sections -- _ 

• Fence DiagrarJ:S 

-- -- ---•- Step Drawdown Tests 

• -Miscellaneous _ 

• User Data 

Theyare selectable frÓm the Main rnenu bar under op-. 
tion Application a~'showh in Figure 5-L 

·-~- / .. 
Som~ 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-which are coirunonto more than one application, 

· such as: (a) selection of units for a particular application, 
., (b) selection of a w9rking set ora working group, that is 

-- reducing a large set of data toa smaller subset; (e) setting 
up the printer, (d) cr:eating random data "models" (inter
na! files) to be usedfor mapping, gridding and contour-

... _- _ ing, and (e) readingfrom standard ASCII files and/or 
writing to standarq,ASCII files. ,, 

· ... 

---
-~ --

.:-..... 
. -.. -.. 

··:- -

' ..... 

- --

. · ..... _ ·. 
-, 



~·.· 

S-2 

CHAPTER5 

Cross ~ection 
[ence Diagn~ms 
Sl•p DnMiown Test 
_Grain Size Curve 

J.tisctiiHnt:DUS 
Um Data 

COMMON ROUTINES 

... : 

Figure 5-1 

5.2. UNITS 

··-·· 

In addition to setting up a system of units as explained 
in Cha pter F our, each a pplica tion has its own way of per
mitting you to select units for that particuiar application. 
Once in the application, you may select but not modif_y, 
delete. rename or add a unif o( a unit 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
tra tion -Depth Se e 

ries, Chemical 
Concentra tion -

. Time series, an.d · 
-" · Grain Size Anal ysis 
_,_,hav~ the optio·n. 

·cen.éralData Units 
· on the Data meÍm, . 

as sho~n in Figure 
·5-2: 

Figure 5-2 

•1•: 
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The Master Data application perrnits 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 yciu may select units for any en
try that is identified as numerical (dimensioned) data 
type. In the standard case which is supplied as a defa1,llt 
for master data structure, you may change units for co
ordina tes (X and 
Y), for ground sur
fa ce elevation (Z) 

· and for eleva tion 
of the measuring 
point (ZM). When 
yo u select Units on 
the rnenu bar, the 

·· offering will be the 
same for which
ever data entry 
you select to 

/ change. This is 
shown in Figure 5-3. Figure 5-3 

._ .. -- Applications Cross· - --~ ~- --
Sections and Mapping ha ve their own options for edit
ing or modifying tinits. Figure 5-4 displays the menu op~~' 
tions for cross sections. · 

Figure 5-4 

.. --- .~:.-

~--. 

.í--

·-·· 
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In applicationsPurnping Tests and Hydrograph,s the se~ 
lection is different for general data and for rneasured 
data. In the application Hydrographs, the general data 
are the sarne as in the Master Data application (coordi-

. nates and elevations). In a purnping test the general data 
are distance between a p·urnping andan observation well, 
transmissivity, standard error of fit, and the sarne coordi
nates and elevations as in the Master Data application, as 
shown in Figure 5-5 for transrnissivity and in Figure 5-6 
for average purnping rates: 

Figure 5-5 

Curren! Settings Select 

- .<J>, 

•,: ,;• 

lr):,oi > '~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 also want to select units for measurement or obser
vation data, such as.levels, drawdowns, time of pump
ing and pumping rate. These are called measurement 
units and the option for selecting them is located on Edit 
submenu as shown in Figure 5-7. For the pumping test 

Edit ,Measuremcnts 
Standard ASCII !nput 
Standard ASCII Qutput 

lnsert Row 
Delete Row 

Ctrl-1 

·Figure 5-7 ~--

application yoú 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 rriay.
be .available forpumping rate (flowráte). · · 

.... _. 
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WELLSOR 

SAMPLESOR 
REDUCTION OF A 
LARGE DATA SET 

TOASMALLER 
SUBSET 
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NOTE. It is important to note that what you are doing in an 
application is relevant only for calculations and reporting but 
willnot modify the system of units that you have tqken either 
from.thedefault file with units, GWW.UNT, or !z'ave modified 
and saved Üsing the option Units from the Tools submenu. 

This is one of the rnost irnportant and attractive opera
tions in the GWW systern. Being prograrnrned to run un
der Windows and relying on Windows resources, a large 
pool of rnernory and huge storage capacity, and espe
cially counting on the processor speed of 66 MHz and 

above, the GWW'package has been prograrnrned for 
large data bases. Under "large" we mean hundreds or 
even thousands of wells or water sarnples. (If yo u intend 
to run GWW on a 25:MHz 386SX PC, you better limit 
your data base to 100 weUs:) 

Working with a large set of wells rnay beco me inefficient 
after a certain nurnber. Yet very often we want to pay our 
attention toan area, an aquifer, a para meter, orto certain 

· wells that differ in something from the res t. For examp!e,. 
· we rnay ha ve 500 wells in our data base, but we wish,t9,,.,._._,,.,.,. : . 
crea te a rnap -showing locations of wells in which one · ·<· .. 
specific chernical constituents has been identified. In ad- · · 
dition, we wish to crea te a contour ma¡:i of that constitu-
ent using only wells ~n which it was detected abo.Y.~,.a>¡-~, ..... . 
. certain limit. In other w'ords, we want to elimina te from; · .. 
the display al! wells ü'!'which this constituent is less than· . ·· 

.... the prescribed minimum. 

How wedo it? 

. We have severál ways for filtering the data base ánd 
searching for sarnples/wells that satisfy a defined crite

.· __ . rion. These are discussed one ,by.one below. 

. . 

. ~-·~ .. 

5.3.1. Select Condition The applications Master Data, Chemistry, Pumping 
Tests, Hydrographs, Well Logs and Lithology, and Step 

··Drawdown Purnping Tests have al! Select Working Set 

5-6 



5-7 

CHAPTERS COMMON ROUTINES 

option on the Data submenu. An examplefrom the Mas
ter Data menu is shown in Figure 5-9. In the example 

.::>elect Entry Form 

Standard ASCII !nput 
Standard ASCII .Qutput 

Printer Setup 

665000.00 

Figure 5-9 

Nonhing 

958000.00 

,._ 

shown · the .data base contains more than one hundred 
. wells. Identification of wells starts with either letter P 

· . ----- -- ¡ -·(for 'Parcelamiento' in 'spanish), or ;,;¡th le-Úer S (for · 
_ 'Sistema de Riego Rio_ Guarico', __ Qr, translated to English' ~ 
. 'River Guarico Irrigation System'). The selectiori crite-· 
. rion built into the GWW perrnitiyou to use the identifi
cation name, or any other information in the data base, 
whether it is a character ora numericarva!Üe, for reduc-''' -
ingthe large s~t of wells-to a smaller subset. 1 

- ----.. - · _ The option Select Working .. Set!s interpreted as follows: 
- send all other wells or samples into background, display 

only wells and-samples that will be selected, arid keep 
working only on this reduced set. 

When you click on Select Working Seta box similar to-· · 
the one sJ:\own in Figure 5-10 will appear. The'l:tifference 
will be in that al! wells would be shown as "selected 

~~""- •... :: : items·;: I{, fq~ example, youwish to reduce the set to only 
ii :. _ .. ' wells beíonging to the irrigation system, which are idéh

tified with the name SRRG-Xx, where XX is the sequential 
nurnber of a well, yo u should do the f?llowing . 

. ,· . 
........ ' 

--

... , 
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Unscledcd ltems Salccted llems 

EI_Frio 
P-103 
P-110 
P-152 
P-153 
P-155 
P-163 
P-166 . 

. P-1S9 
P-170 
P-171 
P-177 
P-18 

' 

h. ~~e,_~~·Añ:· +: · ·=-.:---_- s~-~~~-Aif = 

. 1 · Unool. Coadiiioo" ¡o, SnlortConditiÓn ;._.j 

h OK ' 1 c..lit.ilq 

Fig<<re 5-10 

l. Click on Unselect AÚ. The 'Selected Items' window 
will be without any well. All wells are moved to the 
left window, and the display looks asshown in Fig-
ure 5-10. · 

2, Click on Select Condition. 1'he dialogue box as 
shown in Figure 5-11 will appear offering you tose
lect a variable to use as a 'selection condition'. The 
variables are all data that rriake a part of yo~ Master 
data portian 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 si de. This is shown in 
Figure 5-12. -· 

Seh:cl Cond1lion 

Variable 

Condition Value 

•- o~;:;::~ 
D 

Figure 5-11 

.......... 
, .. 

Sch:r.l Contltlion 

Variable 

Wellldent k~ 

Oescription 
. Olstrid 

Locality_ 
Owner 
X 
y 

z 
ZM 

. FigureS-U 

• 

· ..... 



~-. --·~ 

,• .-. 

, __ ---

... 

5-9 

CHAPTER5. COMMON ROUTINES 

4. Click on Well ldent, which was suggested by the pro
grarn as a default, and 
type under the Condi
tion Value the equal sign 
in the left !]ox and'the 
combination s· in the 
right box. The prograrn 
permits you to use logi
cal operators =,> ,< in 
the leftoox, and wild
cards (* and ?) iri the 
right box. In the case 
shown in Figure 5-13, the 

Sr.lecl Condilion 

VarL11ble 

\Well lllent l•l 
Condition Valuc 

0;.::.1 s·=-------, 
oi=======: 
1 "" j 1 canal 1 . 

Figure 5-13 

interpreta !ion is as follows. Select oniy we!ls identi
fied with a well narne starting with letter S regardless 
of what follows after the first letter. You couid ha ve 
used the second character in the identification narne, 
the third, or any, using wildcard syrnbols for the 
characters that yo u do not care. 

5. Select OK. Notice in·Figure 5-14 the 'Selected ltems' 

;":' .. 

1 :G~¡;;,¡·r;¡,¡;;¡¡.;ru... ,. 1 1- 'sétOét c.M>diiii:i'n; ¡· 

1 : ol<: ••1 1 < &.;;c:.;l 

Figure5-14 

window filled with identification names starting. 
with the letter S . 

. 6. Select OK. Yo~·will be @.lck in the Master Data main 
rnenu, but the list of wells, which is normally dis

. 'p!ayed on the léft side, will contain oniy wells start-

.. 
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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. · 

I!Ooo1lng \_,....,¡ ¡o-..:~e..._l... ¡-··1'1. 
- 669000.00 j 9S'.IlOÓ.OO 84.3S 1 

¡- ¡-· 

Figure 5-15 

Yo u may use a double selection condition to select we!ls 
within a certain range. For exarnp!e, if you wish to· re
duce a large set of wells toa srnaller subset being loca ted 
within a certain area, yo u m ay select X coordina te as the 
selection criterion, and type >= signs in the upper left 

. box, followed by the rnini.rnum X coordina te, and type 
<= signs in the lower left box, followed by tné maximum 
X coordinate. Only the wells in which the X coordina te 
rnatches this condition will beselected,·Yoi.t rnay repeat 
the selection procedure on this already reduced set, se
'!ecting in thesarne 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. 

· 5.3.2; Selectioirifllm a -- You will notice that in all but Mapping and Cross section 
Map ~ --__ :- '· 'app!ications there is an option Load Map or Map·on the 

rnenu bar. Thjs oRtion is.used to selec'fwells directly 
frorn a rnap. You create these rnaps in the Mapprng.ap~ 
p!ication, p!acing either al! wells or airead y reduced set 

- ·' 

5-l o 

•J'V"•' -·-. 
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or selected wells to ernphasize thernatic purpose of 
rnaps. 

·-. When you se
lect Load Map 
o'ption the dia
logue box ·as 
shown in Fig
ure 5-16 will 
be display~d. 
The lower 
field lists al! 
currently 
available 

load Map 

Select an existing mHp 

bllsic-log ,. OK·'>I 

1 Cs~_cei 1 

J. Oclete 

Figure 5-16 
rnaps. Re- . _ 
rnernber that rnaps are objects in the GWW systern, and 
each is assódated with a: narne. In the case displayed in 
Figure 5-16 there is .o ni y one inap, narned pasic-log, 
which con_tains loc;>ti(Jns and na mes of wells which rnay. - ___ . ~' 

:...:..:_~-=::__-,------'-------"---have-known-lithology·or·well·Io-g-:-Yóü: rnay eiiliertype~-- · ~ 

-----.--.--

__ ,.' 

... 

-.. 

5-11 . 

--~ 

the map narne (exactly as it is shown) or doubledick_ · · 
with-the.rnouse on the rnap-narne.-The rnáp-will be dis-· 
played as shown in Figure 5:17 .. •. · - · 

Figure5-17 

-. 
......... _ -- -

.-, 

·-

------~--

-, 

·-·k 
> 
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Nohce various buttons on the right side. Their meaning 
is as follows: 

___ ClQse Removes the rnap from the display. 
z---¡ == ·--- -- _. -
-"-~om In ·Perrnits you to enlarge a portian of the map. 

Zoom Out Returns the display to its normal view. 

Fit Wnd. Redraws the map to fit the en~re window. 

Sel.ln.Rect. Perrnits yo u to select wells within a rectangle. 

Sel.Points Perrnits you to select well points one by one. 

End Points Ends selection of wells point by point. 

Sel.ln Area Perrnits you to selects wells with free hánd, 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 clisplayed in Figures 
5-18 and 5-19. lt is important to remember th,at prior to 

,..~, .~ ... 

Figure5-18 

-.· 

• 
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selecting wells using a map, all wells should be unse
lected so that only the really desired 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. 

____ .:....--- --- ----- Figüies 5~20~and'5~21 display"tne selection process using 
free hand drawing of an area around wells to be selected. 

5-13 

.-

In-this case the following steps are made.- - - · 
rr--~---..-'---.---c~-';-~-..----.---r,-,.=-ri'r:<rn ----- --···; ·< . ,.- "" ~·!!'.. 

·_ \~ - ·::;:~:~:.::! ~-
-----==--- -~--:----- --

1/ - -j -111.1:-1 í · ... '"" '\ ·¿ .. --·. i IIIIC•II ~ .(IL 
. D ; O ' ¡, IIIC.•II - _ 

V_ . .n-l.-----~-.-
...... 

¡__ 
,....·k~" 
¡ _ .. H-----+---...-j---j-_.....'-'i--H--: SeJillAt 

:¡gry;J_ E_Q!i ... ~.,. : -•vi••• .Y 
:.-EndAIEi 

"'~-'Y~)t?It 
1 •. ·_;.;-:>;•:··i 

.. ·r .. .. ( -.. 

Figure 5-20 
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Oneby One 
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l._ From the Data menu bar option Seiect Working Set 
is activated. 

2. In the selection dialogue box al! wells are unselected. 

- 3. Load Map option is selected. 

4. The map named 'BASIC-LOG' is transferred into the 
upper window and selected by dicking O K. The dis
play is as shown in Figure 5-20 without the con
toured area. 

5. Sel.In Area button is activated. 

6. Using free hand drawing with the mouse, a line is 
made with s!'veral points around wells to be selected. 
The final point is el ose to the initial point. 

7. End Point (second 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 predse. 

Units 

SRRG-28 
SRRG-3 
SRRG-4 
SRRG-5 
SRRG-9 

Make Rand 

Figure_ 5-21 

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



....... 

5.3.4. Working 
Group 

.. -
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l. Activa te option Select Working Setas befare. 

2. Unselect all wells. 

3. Click with mouse on a well 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 the cross section. _ 

The concept of a Working Group which is used in Chem
istry and Cross Sections applicahons 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_é! grgup diagrám_or_display make.the group.-For-ex- .. ~--- ~~--
- ~-: ample, yo u m ay have~a_large da_t~ base 'Y.i!:!lJ:rl.IIldred_of. :-- __ -__ ---- ... 

---.......;---'-'-'-'----_·we~KYou·may liáve re_~~q;,w_s.data base tp a smaller:::-. . 

~- --

· Working Set of wells beloriging to a particular area. Say 
that your Working Set cb'mprises 40 wells. Yo u wish to 
presentan a Piper diagram onlylO wells. Yo u will crea te .. _ 
a Working Group to be composed of only these 10 wells. 

=- -~-- _:= -·-c=~"'-.:c:-"'~- Or, another example. Yo u may have=the ·sa·me-40 wells --
with known lithology. You wish to place 6 wells Of\_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 bo·th cases other wells making the working set 
will be stilllisted on the left side of the screen. 

5-15 

You select wells for a worKing group in exactly the same 
way as explained above. There is only one minar differ
_ence in the case of Chemistry application. T.here, the op
hon on the menu bar is Map, followed by two other 
options: Make Working Set and Make Working Group. 

. ~ ... ·•:. 

..:;-· 
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Note that gri:Jup display diagrarns (Piper, Wilcox, Schoel
ler) will not display what they are supposed to display 
unless a working group has been created. 

5.4. SETTING UP 

. 5-16 

PRINTER. 

...... 

-. 

_.,. ,. 

Selection of printers and attributes related to printing is 
non:nally a Windows operation. For this you go to Main 
Windows rnenu, select Control Panel, then Printers, and 
configure the printer you wish to use. 

In the GWW systern you ha vean option Printer Setup in 
every applicatio"n. It is used to change the orientation of 
printout, portrait (vertical) or landscape (horizontal), the 
printing rnediurn, the quality of print, nwnber of copies, 
colors for a color printer, and rnany more. Actual! y, the. 
GWW systern brings a printer driver that had been con
figured as a default printer in Windows' Control Panel. 
Rernernber that you cannot change frorn within a GWW 
application a default printer and replace it with another 
currentlyinstalled printer. If you wish todo SO, yo u must 
either exit completely from the cwvy, or bettel{..ptay • 
within the application but ternporary exit by using the 
cornbination CTRL+ESC key to go to the task assign" .. 
rnent, select Program Manager, then select Main, and 
Control Panel, then Printers. Change the default printer, 
clase Control Panel · 
a11d return to the ap
plication by activat
ing once again the 
task assignrnent list 
(CTRL+ESC). · .S,elect Enlry Form 

Printer Setup is an 
~ <_~ . option located on the. 

Slandard ASCII !npul 
Slandard ASCII Qulput 

Prinler Selup 
··Data subrnenu of 

every application. 
The exarnple shown 
in Figure 5:22 is frorn 
the M a ster'b ata 

Owneo 

Figure 5-22 

•.::-

-- ... 

.... 
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· menu. When selected the screen may look like the dis
play in Figure 5-23. This is the printer driver's menu for 
the Hewlett Packard Laserjet III. Yo u can access the same 
.driver's menu from the Windows' Control Panel. 

'="""""= .... ---. : . . . 
----:- --

lftl.,llllollin !1:] 

1!1 

14 

Figure 5-23 
Caolr ..... (2 .... ¡ 

@Por.\.1 ... 
.1_ Mct•oU lA 
HP_ 8• ( ...... o¡ loi-
H~ r ..... F~<:.. 0 Lancb~ 
IIP. r.lahal T~ot 

S.S. READING 
FROM STANDARD 

ASCII FILE OR .t .. . ----- -.---- ... -
WRITING TO T. ·-------·-· STANDARD-AsCii ·-- ·-· ---·· 

' 
'. _. 
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FILE 

ASCII or text files are prepared with a text edi tcir or word 
· processor and saved unforrnatted. This type of file con
. tains only the printable ASCII characters and the few 

_ control codes needed -for minimal formatting; such as 
.. carriage returns and linefeeds. ' 

. ASCII files in the GWW systerri serve in two ways: 

L To save most of the inforrnation from the GWW data 
base interna! format in separate files that can be ed
ited, modified, and input back into the GWWsystem:· 

. ~~ J•>._.:. '' ,_ 
2. To provide externa! connection with<.other''data base · 

· · -· · · formats stich as dBase IV, FoxPro, Clippet,.etc.'There· 
is no direct irnport of other data baseior!-llatsinto t:he 
GWW system. However, every data base package 
can, if programmed, export information in ASCII file 
forma t. This inforrnation, modified to be compatible, 
can then be irnported intothe GWW system ... 



5-18 

_- .. · .. 

.. 

CHAPTERS COMMON ROUTINES 

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 intoASCII files. 

l. Data structt.ires, such as Master Data structure file, 
which is reproduced in Appendix B. 

2. Entry forms. such as Chemisti:y application entry 
form, which is also ~eproduced in Appendix C. 

3. Reporting forms, such as Well Log reporting form, 
which is reproduced in Appendix C. 

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

Entl:r Ale Neme 

Alcneme: L..lm.:...d·•-"------'1 j:- ~-;f 
Olrcdory. C:\.GWO 

Figure 5-24 

data toa standard ASCII 
file., Again you will be 
p~pmpted for the file 
name. After the transfer 
is completed there will 

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

Number of rcc.ords in c.:\gwd\md.asc 

" 

Figure 5-25 

be a message displayed . . · · 
showing how rn1!'ny wells have been written to the 
ASCII output file. This should be a good practice to 
back up the information entered into the GWW sys-

. tem by creating output ASCII files, which then can be 
used as input files in the case something goes wrong. 
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5_ Chemical data for al! wells that make working set 
Cornrnents that apply for master data are vi'llid here 
too, Every piece of information referring to the 
chernical part of the data base will be copied to the 
ASCII file. Constituents will be transferred in parts 
per rnillion (ppm) or equivalents per rnillion (epm) 
depending on in which units they were displayed 
when you have selected to copy them to the ASCII 
file. 

6. Water leve! measurements data will be saved as one 
ASCII file for al! wells. This file will contain all gen
eral data identifyii1g wells and all measurements. 
The format of such 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 
informa tion. 

7. Pumping test data will be saved on the flle-f~r-~ingle
test basis. This is to say that each purnping test wi!L_ 

.. :· · : . _ be saved in its own data file. Actually the ·file will ~- · 
··~-ce--.. .e-··,- . -contain three·colurnns, one ·with_time,.another-with .".-. 
--- ·--:. -cliawdo.'<Xn.or leveCméa.su.l:ements, and the third one · 

· w.i.th purnping rates. An example of a purnping test 
data file is also presented in Appendix D. 

8. Well log data wm be saved in an ASCII file on the 
file-for-smgle-well basis, that is one data file for ea eh 
well. Only lithological data, including depth_ intero ~ 

· vals, codes and description oflitholo$ic unitswill be · 
saved. Again, the output ASCII f~le fQ.~<VJor 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
tionfiles that can be saved as ASCII files: codes, sym
bols and textual description of m a terials filling 
annular space of a well, se e Figure 5-26, and -.codes, 

- - -~ --,- ·. syrnbols, and default description of lithologic units a 
well had been drilled thiough. These are spedfic in
formation- files and will be discussed in Chapter 10. 
Well Logs arid Lithology. 

· "10. In Mapping applicátion alrnost every component of 
a map can be saved ¡¡san ASCII file. For example, you 

·· .. - . 

__ -;/-. ~-~~:-~::_~ 

.. 
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~asing 

.S. creen 

Concrete Block 

Dy 

· Figure 5-26 

COMMON ROUTINES 

VertCal Horizonta .... 

may create a line by clirectly.ciigitizing on the screen 
and save this line as 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· 
formati9n into the GWW system. More than one line 
can be· saved as one ASCII file. Each line is tetrni- · 
nated with /' characters on a separa te file line. · _ 

In such files the format of data input is free; en tries are 
separated by ori.e·ot·more spaces ora comma followed 
by a space. You may typé the information anywhere on 
the \ine f6llowing the abo ve convention. 

- _,_ -

.. Yo u may save an entire grid in an ASCII file, ·using the 
option on the grid submenu as shown in Figure 5-27. The 
grid, which is actually a gridded model, assodates.a nu
meric value with every node of the model network. This 
value can be land surface elevatiori for the grid model of 

·_ the groimd sur fa ce, a water level elevati.Qn, total dis-
. ·solved solids, a content of a constituent, or anything 
from yciur data base that has a numeric value assodated· · 
with the location of a point (that-is, with X and Y coorcli

·- na tes). Such files can be used as input data files to mod-
eling software su eh as MODFLOW, U.N. GWMOD, etc. 
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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 presenfed in Appendix D . 

--=-=-== nz~~ -· - . . As before, this file is written in the free forma t. The col-
umns ha ve the following meaning: X coordina te, Y coor
dina te, ground surface elevation, and well identification. 

The attrachve possibility is to create an ASCII file with 
four such col
umns of num
bers and char
a.c ter s, a n d 
inputit into the 
GWW for fur
ther process
ilig: crea ting a 
map, making 
contours, add
ing color inter-

. ··-'' 

., ,,;_' ;:· ... ·' '• ',, :·· 

:,; :/-_: 

. · · · · : · v a 1 s t o -th e 
-- -:_:=~=--ffia.·p ,-=a~il~d

.... _pririting tne -· 
map. 

ll.A text file. 
wi th the text to . 
appear on a 
map can also 
be saved as an 

.. ASCII file, Fig
ure 5-28. The 

···.·;':· .. 

l!' . 

FiguriS-27 

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

...... ·. 

-. ,•. 
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FigureS-28 

Additional Notes on ASCII Files __ 

(a) The format of ASCII input and ASCII output files is 
identical. In other words, what yo u save asan ASCII 
output file frorn within the GWW systern, you rnay 

-use asan ASCII input file to the same or another data -
- base created with the GWW prograrn. 

(b) You may edit ASCII files created by the GWW pro
grarn, but in sorne files. it is irnportant to keep the 
same data forrnat, while in other files it is no t. 

(e) When the GWW prograrn saves data in an ASCII file, 
it may add underscore characters to fill sorne gaps in 
the inforrnation. It is irnportant to keep th"ese charac
ters in the files in arder for the GWW to read thern 

- correctly. 

(d) Master data and Chemistry applications will crea te a 
very specific first line in the ASCII output file. They 

_____ - willlist all entries according to field names frorn the 
data structure and place these field narnes within im
gular brackets. The program expects to find these 
same entries in numeric forrn in the lines that follow. 

·-

-· 
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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 sorne caution. 

The Random Model is an option which is built into every 
application of the GWW package and which prepares 
data for creating contour maps. You may create a ran
dom model, and consequently a contour map, of ever:y 
numetic parameter in the data base which is associated. 
with the location of wells, that is with X and Y coordi
nates. 

The option Make Random is located on the menu bar iri
every applicatjon. 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 

·specified for this application, plus param_eters from mas-_ 
__ ,--- ter data application. ThtlS iLth,e Make Random option is-:---- --- --- -=--~-~--=-- ~ '"inV.oked-fronúhe-Chemistry application, -tli.e list will_: 

-- --~ =---::-:-:-:=- - -·· contain all chernical paramétérs, total d.is'solved solids, • . 

:.·. ;_ 

--- -- oc.-'--'~-- · ------ harditess, alkalinity, conductivity, even pH, plus X, Y, Z 

5-23 

· and eventually Zm (elevation of measuring point). 

This is a very at.tr,active optio!"l, since in using it yo u may" 
create a contour map ofevery parameter of interest. For. 
example, if in the Chemistry application you have en-

-' tered toluene as a data base item you may crea te a tolu
ene content contour map, showing toluene in ppm or in 
epm. Qf 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 contours tcl" 
sucha map. 

_ :The Make Random option is different .in the Hy- -
: ·· drographs application in the sense that there you are 

prompted for a certain date for which yóu wish water 
leve! measurements to be taken ( or interpola ted if miss~ 

..... ·,., 

. ·_ ~:. . 

·-· 
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ing oñ that date). Once 
you supply the date 
(month, day, year) the 
rest is the same as in 

··. other parts of the p"ro
gram. 

One example is shown in 
Figures 5-29 and 5-30. 
When Make Random 
option is activa ted from 
the Chemistry applica
tion, the display list is as 
shown in Figure 5-29. 
Notice the side bar since 

_ the list is too long to fill 
one screen length. When, 
in this example; the TDS 
(total dissolved solids) 

COMMON ROUTINES 

Randa m Mdl. Variable 
c. ~ Mg ¡.,.. 
No 

" Fe 
Mn 
HC03 
C03 
S04 
Cl 

"' N03 
N02 
P04 

' F 
B 
SI02 
TOS 
Hardncss 
Alklllinity 
ConductJvity ¡-;, pH "" 

FigureS-29 

parameter is selected, the program scans all wells and 
samples, reads X and Y coordina tes and prompts yo u for 
the random point file 
name as shown in 
Figure 5;30. By de-
fa ult yo u will be of
fered the name of 
selected parameter 
which you rnay con
firm or change. 

The random point file 
is an interna! file 
which is used then in 
the Mapping applica- . 

· ··"ñon for creating vari
ous thematic maps. 

5:01PM . 

l~s 1" 
~z============~¡=_=o,=•~l 
z-~u . . 

FigureS-30 

'3§~~- - ·_ -- •· There, its content""may be saved asan ASCII file. As dis
. cussed earlier in this Chapter, such an ASCII file will 

ha ve four colurnns, with X and Y coordina tes in the first 
two colWIUlS, the TDS values in the third, and well iden
tification name in the fourth colurnn. 

. ..,,.y. ' 

. ~--
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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

ATTFJrlPIJNQTO . down test, grain size curve, and hydrographs. H yo u 
ESCAPE'-WI'H:IOUT open a table with the measurement data and attempt to 

COMPLETING activa te another option, such as display or fit while still 
EDITL"<G 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 befare the 
operation is exe-

5-25 

cuted, or exit the 
table without sav-
ing the newly ed
ited data. m You are edJtJng measurement data 

V S ave or Exit data befare this opcration 
' or 

cancel this operatJon 

.:_~ _ _;::..:-- __ ,..::-=:.....-=- -----· 
-- ______ _:;__- _·_-::..____:--_---.._-

- - -- ... 

" - --- -.------ --------~----- ------·-. ;----

figure 5-31 
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CHAPTER6 

6.1. · .JUJ iE:RAL _. 

MASTER DATA APPLICATION 

The Master Data application is the heart of the whole 
systern. Every well, entered frorn any application, ends 
up in the Master Data application. It serves a kind of 
housekeeping for the inforrnation that is shared arnong 
applications. 

The Master Data application is intended for eÍ1tering 
general inforrnation for wells, water points, and/ or 

. water sarnples. This inforrnation is generally the follow
ing: 

• Well identification, which can be anycombination of 
characters and nurnbers, up to the size spedfied by _ 
you (or the prcigrarn's default) in the file structure 

___ .. too!.-- __ e · -------- ----~:_:_·_--_---_--___ ---
----------

-=~= • -===--~. _ -:.~~-.~X af)d _Y_:-c_oordma:tes_tKaCtiÍtiquely-locate a: well,-a-: ::=-...:.-_-__ -
-~- .. · · :__ . - --_ waterpointand/orasarnple. -· ·· ·. 

- - . . - -·· 

. _.,._ 

-----

6-1 
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• · Z coordina te, or ground surface elevatiql), or· an ele
vation of any other point on the well that has been 

_ surveyed, rneasured or taken frorn a rnap. · 

• C:oordinate of water leve! rneaslu:ing point such as 
top of casing,, tqp pf concrete block, etc . 

• Naine or location, other narnes for a. well, and the 
like . 

. • State, region, province, country, or a county; one, 
more than one, or al! of these:. _.., · 

• Owner of well. 

• Year of construction. 

- • Relationship of the well to: river basin, hydrologic _ · 
unit, aquifer systern, municipal water ~upply 
scheme, landfill rnonitoring systern, irrigatióri. sys
tern, etc. 

--.~---

. -·--

:-

. '· 
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• Use of well. 

• Equipment installed. 

• Number of the topographic map to which the well 
belongs. 

· One especial! y convenient entry would be ene character 
cede (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 have a water 
leve! monitoring 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 Leve/ Data Available? This cede can 
then be used to reduce the data base to a working set of 

· wells for which a water leve! record exists. Thus without·· 
switching to the Hydrographs application you may ere
ate a map showing locations and names of all water leve! 
recording wells. · 

Similar! y, you may want to ha ve a coded field for lithol
ogy, chemistry, pumping tests, etc. 

D.epending on what you have entered on Entry Forms 
for other applications, sorne 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 ha ve on Entry Form for Chemistry the coor
dina tes and location/ description of wells. If this infor
mationis typed in the Master Data application, the same 
information will be directly copied to Chernistry Entry 

· Form as soon as you type the Well Identification name 
within the Chernistry application of a well that exists in 

.... __ , the Master Data application. . . 

. ~ .. 

6-2 

· ...... 

• . Converse! y, if you are satisfied with entering general in
formation for a well consisting only of its coordinate_s·· 
and elevations, leaving the field on its location, local 

· name, or description blánk, you ritay en ter this inforii_la-

·' 
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INFORMATION 
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tion under the Chemistry application and it will be cop
ied to the Master Data application next time yo u work 
with it. 

You may begin inputting data in any application, not 
necessarily in the Master Data application. When you 
ha ve finished;· yo u 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. This is the relational aspect of the data base. 

The screen display of the Master Data application may 
look as shown in Figure 6-1. The left window contains 
the list of all we~ls that are currently in the data base. 

'·., 
Figure 6-1 

Please note, however, that only the wells that you ha ve 
selected as the Working Set will be listed. The program 
remembers what yo u left last time yo u worked with the 
data base. If you closed the dáta base working with a 

.. .., 
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· reduced Working Set, that is what you will find next time 
yo u open the data base .. 

Most of the screen is occupied with the Master Data En
try Forrn. As you type the inforrnation, you can rnove 
frorn one field- to another using either TAB key or EN-

. TER. Rernernber that inforrnation is not saved unless you 
press TAB or ENTER. One entire well is saved only if you 
answer all prornpts (fields) on the Forrn, or if you press 
the PACE DOWN key. As soon as you press the PACE 
DOWN key, you will notice that the identification num
ber of the well will appear in ·the welllist window. 

To move forward in the forrn use tli.e TAB key. To rnove 
backward use the SHIFT+TAB key cornbination:To 
move frorn one well to another use PACEUP or PACE
DOWN. Alternatively to finish entering information for 
a well, press PACEDOWN or PACEUP. One well on the 
list of wells window becomes highlighted. Now you 
may use arrow keys to move up or down. To seleét a well 
yo u rnay always click with the rnouse on its name in the 
lis t. 

6;4. OPTIONS ON . 
·:r· THE MENU BAR 

6.4.1. Data Submenu The following options are available on the Data sub
rnenu: 

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 
frorn the data base. However, deleting a w_ell from the 
Master Data application will not delete this well from the 

:., __ -~ ,._ -- ··data base, if the same well is used in sorne other applica- . · 
~ .. · ·· tion: Remernber this is a relational data base. The infor
~~:' rnation about the well is still written to another 

application's base and trailsferred 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-

. ...... 
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tions other than the Master Data. When it disappeais 
from all appli!=ations, only then yo u should dele te it from 
the Master Data. 

· ... Sclecl Eritry Form. You may have more than one Entry 
; Form in your data base. Prior to inputting data you 
- should select an Entry Form. When you activa te this op- · 

tión a dialogue box with al! available entry form names · 
will be displayed for you to choose from. 

Standard ASCII Input. This is explained in Chapter 5, 
section 5.5. It is used to import data from other pro
grams, such as dBase IV, provided they are saved as a 
standard ASCII file and that they follow the GWW con
vention of input. Using this option yo u may en ter many 
wells at'once withoüt using the Entry Form. 

Standard ASCII Output. This is a !so explained in Chap
ter 5, section 5.5. It is mainly used to back up your data 
base .. 

_e ____ -: ____ ~- ~-=-- ~-- ~- -_':_ Pri~ter Setup· . .-T~s-ii~xplajned in_:_Chapfer5;seétioi\5.4~- --=-= 
~ ·-· 

6.4.2. Units -

. 6.4.3. 

. -,.. 

6-5 

-~. ___ -___ l~is a· stimdard-Windows 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 Windows 
MainMemi. 

Exit. Selecting this option or pressing ALT +F4 will terrili
nate the work in the Master Data application and retUrn :. 

·yo u to the GWW main menu . 

.. ~r 

. Units are discussed in Chapter S, section 5.2. 

The following options are available on the Data ~ub
··menu: 

• Print Report 

• Select Table Form 

• Select Record Forrn 

..... 

'; -
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There is .. a line separating the Print Report option from 
the rest. In the Master Data application, and in most 
other applications, you may want to print the informa
tion for each well on separa te pages, 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-
ing a table. · 

Grouped information may be printed in a table like the _ 
one shown in Figure 6-2. An individual record for a well 
may be printed 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 

Eorm Ncw Fh:jd Arttibulcs Qptions Hclp -
Coordineles 

• 
Well General Data- Coordlnates 

1 

-
Wcllldent X y z Zl-1 

-

--

. -

-

. 
TVDc: 

Figure 6-2 

explained in Chapter 3. 

· The normal procedure in printing a report.would be to 
choose bei:Ween one of options: Select Table Form or Se

- - -- · · Iect Record Form, and then select Print Re port. For ex
ample the reportas displayed in Figure 6-2 was printed 
using the following sequence: · 

l. Report. 
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..;,.rh lijii!.IIJM Form Editor !c.1gwd\new.qW...j 
form Ncw Fi~ld bttributes QptJons t!elp 

Stañdllrd 

,, ',' .' ,:• i '· ;.¡ ~- -~ -:.: ' · . .' :_-_ :" ~ ' -' ~: 

,-,.., ' ' ~-, 

1 
.. 

~--; '- :', ·.-··' : :··;;;¡· ., 

• 

• • G:SI AM · 

. .. ·-
Figure 6-3 

--------

· ~' 2 .. Select Tablé ForqJ.._The dialogue tiox ope-ned suggest--
. - - := _-ing only one reporting form with the default name 

Coordinates (this is a pre-programmed part of the 
GWW.OOO templa te). · 

3. The name Coordinates wasdouble clicked. 
" .. '" 

4. Print Report option was then selected. 

6.4.4. Make Rando·m This option is discussed 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 all wells contained in the data base. Todo 
this, activate the Make Random option, select Z, the 
land surface coordina te, if available for all wells, or any' 
other distributed numerical parameter that may be 

6-7 . 

· --- .·. kriown foral! wells (such as X or Y coordina te), and ere
ate a random model. (Random Model is a misnorrier in this 
~early stage of the discussion. Using this option yo u only 
cieate a file which contains random points and their X 
and Y coordinates, well identification and a space-de-

···.· 

' ! , •. 
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6.4.6. Help 

¡·, 

6.5. WARNING 
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pendent numerical pararneter. Only in the Mapping ap· 
plication yo u will crea te a gridded rnodel frorn these ran· 
dorn points.) 

This option, which is discussed in Chapter 5, subsection 
5.3.2, is also one of the· rnost irnportant features of the 
GWW systern. It p¡ermits you to reduce a large set of 
wells toa smaller set by directly selecting from the map. 

This is a context-?ensitive help which contains most of _ 
the explanations, procedures and routines that are appli
cable to the Master Data application . 

. NOTE. Carefully evaluate what you wil/ store in the Master 
Data application. When you backup any application, say 
chemistry, all data en tries coming frorri that application plus 
from the Master Data application wil/ be copied to an ASCII 
file. The ASCII backup for chemistry may become umzecessar
ily "/oaded" with information from the Master Data applica
tion if you keep in the latter too many en tries. 

On the other hand, welllogs application will not backup data 
en tries which -have not been foreseen by tlze progrfÚrm:z.er. For ... . 
example, even ifyou prepare data entn; fields su eh as elevation 
of a stratigmphic unit, or thickness of another wzit, etc., tlze 
option Write lo STO ASCII File wil!.not copy tlzis information 
toan ASCII file. If t!zis infomzation is maintained in the Mas
ter Data application, it wi/1 be backed up in· and ASCII file. 

Try to keep the number of field en tries within the Master 
.Application toa minimum. This is beca use all-Master en
' tries will be copied to· every other application's ASCII 
·· backup file: For exarnple, backing up the Chemistry, yo u 
will copy not only cations and anions, and all other 
chemical conshtuents, but also·all Master data. 

.-- ·~ . 
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In the Chernistry application you can do the following: 

l. Crea te the chernical portion of the Ground Water Infor- · 
mation System (GWIS). 

2.Display on the screen the following diagrams: STIFF, 
PIPER, WILCOX and SCHOELLER. 

3.Report chemical data in tables arid graphs. 

4.Add a location map to your reports. 

S.Prepare data·for contouring, create interna! files with 
random points to be used in the Mapping application..=.f~or,__ __ 
gr-i~c!.ing and contouring.---~ - -_ -- :--~---: - --- -- --

----
.. -

-

....,.--------'- .. 
7.2. -_ MAIN MENU 

BAR AND MAJOR 
OPTIONS ... 

The ma_in menubar for the Chemistry application is 
shown in Figure 7-1. The screen is composed of three 
parts: ., 

Identificadon Dutll- · 
Wellldent Oescnption 

Figure 7-1 

l. Menu bar with major options. 

2. Well Identification window on the left, with the list of 
all wells/samples. 
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3. Entry Form for data in-
put or editing. 

The list of wells 1s. en-. 
larged in Figure 7-2. You 
may mov.e and resize this 
window using Windows 
option for rnoving and 
resizing windows. With a 
large nurnber of sarnples 

·in the data base you rnay 
need to use the side slide 
bar to select a sample of 
interest. 

The Entry Forrn is a de
fault form prepared by the 
progranuner. You rnay se-

Well \denl 

P.15Z 
P.1 SJ 
P.1SS 
P.16J 
P-166 
P-169 
P-170 
P.171 
P-177 
P.1 B 
P-1811 
P-186 
P.19B 
ILZO 
P-200 
P.ZOS 
P-206 
P.207 
P-214 
P-215 
P-21 o 
ILZJG 
P-248 

~~~~~ 

Figure 7-2 

• 

• 

lect one of your own . ·. 
forros with constituents other than the on.'es shown in 

ldtntification Data 
weu ldenl ~~ese~ 

P-ilO Product10~ Woll lB lot 11~ 
1 

PPK 
1 

Input Data 
ca Mg. Na K F• 

13.23 20. JO 19.77 1.17 

Mn-·· --- 'HCOJ COJ S04 a 
131.79 24.30 o.os 4.25 

NOJ NOl P04 F 8 

5102 ros Hardness .AJk¡¡~mly ConduclMr'( 

218.00 270 00 

pH ·-· Computed Dlllla e. Jo .• 
- SAR 11 Catlons 

0.79ó8 3.22 
Ar11ons . 1 Balance Error% 

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 yo u wish to place it on 
a more convenient place on the screen. 

Note. By defau/t, tlze Entnj Form is set to accept data as parts 
per mil/ion (ppm). If you prefer to i11put epm go to Options 
first and click on Shmü.EPM Values. 

7.3. DATA SyBMENU 

7-3. 

Selecting the option 
DATA from the 
menu bar will bring . 
the pop-down sub
menu as shown in 

----'--_--.- _- .Bgure7:4._By-now. 
you.should know 

- - th-e h.indioñ-and 
use of each of these 
commands. Most of 
it was explained in 
Chapter 5. 

Del ele Record Ctrl-0 

;,1a1oaara ASCII jnput-- -__ ----- · 
-Standard ASCII'.Qutput _-

O Id lo Std. ASCII .!;_onversion -

Printer Se~up 

Figure 7-4 

The only command that has not been m~ntioned ls Old _ 
to Std. ASCII 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, nwnerous chemical data bases·ó:eated with 
Version One can ea sil 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. . ·. 
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then yo u should read this ASCII file using Standard AS
CII 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 yo u will notice Options next to Reports. There you 
must select option Show EPM Values since the option 
Old to Std. ASCII Conversion will always crea te an AS
CII file with constituents in epm. 

As shown in Figure 7-5, the 
Chemistry application cur
rently has the following dia
grams:. 

o Pd(per Diagtam or trilinear 
1agram. . 

• Wilcox Oiagr¡¡m or irriga
tiffp~ua~ty tHagram. 

• S D1agram.. . · 
• SCHOELLER Diagram. 

. - ,· . 

.. In addition to the explanation 

Figure 7-5 

that follows in this Chapter, Chapter 16 CustomiZation 
explains how to custorniie· ea eh of these diagrams, both 
foi ·display and for print. Under fue· customization you 
will be able to select colors for each part of the diagram, 
select fonts (family and size), and select colors of la beis. · · 
Yo u will also havé a chance to r~place the words selected 

· by the prograrnmer 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 repo~ting form you may have all 

-constituents (major, minor, rare, trace, contaminants, 
etc.) printed in a table, plus you may have a smallloca-

..... 
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tion rnap showing the relative position of the well being 
displayed. One example of the screen display of the 
STIFF diagrarn is shown in Figure 7-6. 

M1:liequrvaJems per hter 
5~31101 345 

Figure 7-6 

. 7.4.2. Piper Diagram Narned after A.M. Piper, the trilinear diagram presents 
graphically a group of analyses on the sarne plof Figure.~ 
7-7 displays the upper part of the diagrarn, while Figure ~ 
7-8 displays· the lower part with identification of 
wells/samples. The nurnbers on the left, 1 through9 and - · 
letter A are codes that appear on the diagrarn itself. Next 

7-5 

to these are well or sarnple id~ntification narnes. You 
rnay display on one Piper Diagramas rnany sarnples as 
yo u wish, but the display list with sarnple identificatl.on 
rnay becorne crowded or rnay go beyond the page for-
ma t. The nurnber of samples you rnay actually display 
will depend on the report fo.rrnat you ha ve selected, a·nd 
on the font size you selected for printing the identifica
·tion. With fonts as srnall as 8 points yo u rnay safel y dis
. play and print up to 40 sarnples, aligned vertically in 
tour colurnns containing 10 sarnples eél_ch. (If you select 
a larger font for labeling, fewer sarnples will be dis-

•. 
1 
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played.) Of course, you may always use larger paper or 
use landscape orientation. · 

so ... cr 

Na~ K 

o 

"' "" 
., = 

Ca 

CATIONS 

P-li!l 
P·IID 

3 P-1~ 

P-153 
SR.IG-10 .. 8 . SR!'l>ll 

7 SRRG-12 

lOO 

"' ·"" 

•' . ,· -.. 
··-:_' .. -.-·. -: _:-·· 20 

o o 

Figure 7-7 

:l'.RoiJ 
g 9iR"8 
A :l'.RG-17 
i :liRoli 
e !l' .. ,;lo . 
o :liRol 
E 9;RLl-11J' 

Figurell-8 

20 , 000 ce ED 1CO 

Cl 

ANIONS 

r SRIIG-11 
6 SRIIG-11 
H SRIIG-Zl 
1 SRRG-11 

- J S!RG-lll 
K SRfif>Jl 
l Sf.ó~ 

,,. 

o 

Wilcox Diagram · WIL<;:ü_X Diagram is named after Wilcox from the U .S. 

. •A ,. 
· Department of Agriculture. This diagram is used in 
studying the suitability of water for irrigation purposes . 
High.sóntent of exchangeable sodium is highly undesir
able for'agriculture, as is the high total dissolved solids 

-: Ci:mtent, expressedas conductivity of water. An example 
- of a screen display of the Wilco)( dia!;!am is shown in 

Figure 7-9. 

... -
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Figure 7-9 

o 

~~-= __2:_4k · Sclio_eller~: _:~ _ ___:._:_,_-->-~·-ce~-~·-~-~~-=-· ·_ ~..:.~-: ---:-__
_!liagriun __ -~- . .The SCHOELLER Diagram, named after pr,ofessor 

. Schoeller, is a group diagram displaying (1) the total con"· 

-~- ---
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centrations of major cations and anions in both ppm and 
_ epm, and (2) the relative water composition for many 

samples. Because of the graphical lirnitations 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. 

7.5. TABLES 

· You may report or print data from the chernical data base 
in tables. Two table forms are designed by the GWW pro
grammer as defaults for reporting majar cations and ma
jar anions in (1) equivalents per million (epm), (2) parts 
per rnillion (ppm). Their default names are Tableepm 

- .. -~ 

·~ ,• 
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and Tableppm. Both are set to report in the landscape 
orienta ti en. 

Yo u rnay also design your own table reporting forrns se
lecting any constituent and/ or pararneter that yo u rnay 

•o 
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have in the data"bas!t"However, be careful in selecting 
the uni~sof reporting. In the GWW systern chernical con
stituents ha ve simple chernical narnes such as Ca for cal
durn, N03 for ni trates, etc. If displayed like this they will 
be rep6rted as equivalent per rnillions. To distinguish 
eprn frorn pprn for the sarne constituent, the GWW sys-

. tern adds ppm after the pararneter narne. For exarnple 
. Ca will be caldurn in eprn, but Capprn will be caldurn"in 
_pprn. You rnay place either or both on the sarne table 

forrn. One such reporting forrn is reproduced in Appen
dix C. For advanced users of the GWW software, addi
tional explanation of forrnat and attributes is· given in 
Appendix C. 
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7.6. -:JtffQ_RTS . 
- ...... a!iiiil'!l:4 . , 

-· 

. When activated, the re
port option displays a· 
pop-down submenu as 
shown in Figure 7-11. 
There is a difference in se
lecting to print using one . 
of the four commands 
listed in the upper rectan
gle. When these print 
commands are activated, . 
the program will assume · 
that you want to use 
standard printing or re-

Save Piper Diag~m 
Sevc: WilCDx Oiagram 
Save Stilf Diagram 
Save Schoc:llcr Oiagr11m 

Print :tfurong Sct 
Print §.roup 
Print Becord Data 
Print 

COJ 

"' 

Fig11re 7-11 

K 

,,. 

porting forms. Yo u will· · _ _ _ 
·nofoe prompted to- seleiTa-reporting tórm, as you will_ 

-.be if yo u ?elect one ofthe lowermóst four option5~ Al so -
the program will priñt _ol':lx..?a~ples in the -~orking 

-- gri.hipiil tne case of group diagrams (in upper rectangle). 

For example to print a STIFF diagram, yo u should select 
the sample you want to print by moving the ctirsó'i 
within the sample list on the left, Or by using PageUp or 
PageDown if you are in the Entry Form window. Once 
yo u seled the sample you ha ve two options: 

l. Select Print Stiff Diagram on the Reports menu. The 
standard reporting form will be used. · 

2. Select Print Record Data. The dialogue box will offei: 
you al! ayaílable reporting forms for the STIFF ctia~ 
grams. Select one of these and the program will print 
it accordingly. · 

Usiri.g the commands from the lower rectangle permits 
you to select (a) the diagram to print, (b) thereporting 
form ~~r that ctiagram, (e) the table form foral! 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 one application. 

If you select Print Working Set, al! 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. 
For example the list will include, by default, the dia
grams such as Piper, Wilcox, and Schoe!ler, plus any 
other table form or alterna ti ve designs of diagrams that 
you may have created. You should be careful, however, 
not to select Print Working Set for a Piper diagram if yo u 
ha ve 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 Prínt Group. The options Print Working 
Set and Print Group are identical except for the content 
of reporting. 

You may also save any graphics that js currently djs
played. Depending on which type of graphics is dis
played you will use Save Piper, S ave Wilcox, S ave Stiff, 
or Save Schoeller Diagram. GWW will then open a dia
logue box prompting you for the name of the drawing 

. and for its dimension. Yo u 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. This is a simple ASCII 
file, named by default PPMTOEPM.TBL, the partial con
tent of which is shown belqw and its fu!! content in A p-

.. pendix D ... 

• Ca 0.04990 
• Mg .. 0.08224 
• Na 0.04350 
• K 0.02558 
• 'Fe 0.05372 
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• Mn 0.03640 
• HC03 0.01639 
• C03 0.03333 
• 504 0.02082 
• Cl 0.02820 
• N03 0.01613 
• P04 0.03159 
• Si02 0.27750 

.~·· 

Note. You may add more con
stituents and their conversion 
Jactors. The ppm values when 
multiplied by these factors con
vert to epm values. 

Depending on what you ha ve 
currently on your display, yo u 
may switch between ppm and 
epm at any time. The sub
menu with these options is 
shown in Figure 7-12. 

S el Max. fl.álance Error 

S el ~choeller Range 

Figure 7-12 

, Set M~. Balance Error is-an~ther option-which peirnits: · 
yo u 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 

. anions. By default the maximum permissible "imbal-
ance" is set at 10%, but you may assign your own crite
rion using this option. When invoked, the dialogúE! box 

" will be displayed as shown in Figure 7-13. 
==:::::;;==il 

Enter maximum cations-anions balance 
error(%] 

lilil 

Figure 7-13 

.. -- . 

~·-' 
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Set Schoeller Range is the option which perrnits 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 sufficient to display the sea water salinity, but 
·are too high for an ordinary ground water sample. Yo u· 
will probably wimt to reduce the upper limit to sorne 30 
epm, and also reduce the lower limit to 0.01 to display 
the smallest concentrations. When invokeCl this com
mand first prompts you to set the rninimum value for 
Schoeller diagram, as shown in Figure 7-14, and then to 
en ter the maximum value for the same diagram. 

Enter minimum value val u e for Schoeller 
diagram [EPMJ 

Figure 7-14 

The Map option per
mits you to select 
wells or samples di
rectly from the.map. 
Thesubmenufor~ap 

- is shown in Figure 7- Figure 7-15 

15. You may create . 

.. -

one or more maps showing locations of all or selected 
wells, water points or samples using the option Make 

. Random, then the Mapping application in which you ac
tually crea te a map. 

To select wells directly from a map yo u should follow the 
sequence: 

- .J. •: • 
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l. Select Data on the menu bar. 

2. Choose Select Working Set. 

3. Click on Unselect Al! to remove all wells from the 
selection list. 

4. Click on O K. 

5. Select Map on the menu bar. 

6. Select Load Map and select one of existing maps, the 
nam"es of which will be listed in the dialogue box. 

7. Depending on what you want to create a working 
group or a working 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 yo u choose the op
_tion Select Points you must terminate the selection 
clickirig on the button End Points. If you choose se-
lect Area you must terminate the selechon clicking . 

-~~------::~-- on EndArea. Do not forget to c!ose the area by-seleét- -----:-
iiig End Point. The ophon Select Iri Rectangle auto-
matically el oses the operation .of-selection.-Notice- - -
thatselected 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 nohce 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 Al!. 

11. Click on O K. 

This ophon is explained in Chapter 5, section 5.6. In the 
chemistry application you may create random rnodels 
for every chemical parameter, every constituent, for total 
dissolved solids, alkalinity, hardness, pH values, for to-

,, . ~· 
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tal anions or cations, for sodiurn absorption ratio, or, in 
short, for every space-dependent item which has a nu
merical value. This in turn perrnits yo u to creat~. a con
tour map for every such parameter. 

R•ndom Mdl. Vorioble 

When this option is invoked the 
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 
parameter 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 

c. 
Mg 
No 
K 
Fe 
Mn 
HCOJ 
COJ -· · 
S04 
Cl 
NOJ 
N02 

Figure 7-16 

points file, provided they have X and Y coordina tes. 

.! .. 

.;j • 

'[he final optioh on the menu bar is He! p. This is a con
text-sensitive Windows-written help which explains al
most everything explained in this m·anuaL 

This is Example nurnber three. The first task is to crea te 
a new data base with the following "i:onstituents in the 
base: 

-~- - -- --, • TOS 

7-14 

• pH 
• Conductivity 
•· Toluene · 
• Phenol 
• Benzene· 
• Iron 

• 
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The second task is to tr'ansfer the following data into the 
·.base: 

o Well Identification o MWol 
-. • Description o Monitoring Well at Farmlan,,;tLandfill. 

• TOS = 466 ppm · 
• pH=8.2· 
• Conductivity = 412 rnicromhos per cm at 25°C 
• Toluene = 4.5 ppm 
• Phenol = 2.4 ppm 
• Benzene = 2.3 ppm 
• !ron = 2.4 ppm 

Yo u must follow the steps: 

l. Crea te a new data file structure. 

2 . .Create a new entry form. 

3. Type data into the entry formand the data base. 

···-
7.11.1. Create a New 

Data-File .. ~ .. - ~-~:- ~ .. '._-_--:__:_-.:_-_-_-_ .. _- .. ' -~--------- · .. _-_-__ ~....::_,~~==:=::-==::~· __ , .. ---
Structure · 

7o15 

L 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 O! d. -··· . _, 

7. Select Chemistry . 

. 8. Move the cursor toCa and click on the button Delete. 

9. Repeat with all constituents, deleting one by one. Reo 
tain onl y Well Ident, Fe (!ron), TOS (Total dissolved 

- .. _ -·· · solids), pH, and Conductivity. What remains may 
look as shown in Figure 7°17. 

10. Click on New. 
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10 t~=(Uod) r,ud 2 
10 tl~(Und) fu•d 2 
10 N={UDd) fuod 2 
10 N1.21(Und) fu•d 2 

Figure 7-17 

11. In the dialogue box type Toluene in New Field. Re-. 
place the default field length of 10 with 6. Click on 
Numeric. Replace the default number of decimal 
digits (2) with number 3. Click on OK. Notice that 
Toluene has been added to list of constituents on 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. Click on O K. 

13. Do the same for Phenol. The list of constituents 
should look as shown in Figure 7-18. 

14. Click on O K. 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 Form. 

· 5. Select New. 

7-16 
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Ul tla(Und) fH.od 2 
IC Nu:(Und) f>Xed 2 
10 ll.u~(Uod) fa~td 2 
10 !l..:::(Uod¡ f:•o<:: 2 
., ll=(Und) fu•d 3 
6 11-={Und) fu•d 3 
6 tl..:íU~dl r~xod 3 

Figure 7-18 

6. Select first New Field, Header, and type EXAMPLE 
THREE ... New Chemical Data Base. Enhance this 
field by adding border, changing fonts and Óther at
tributes. 

7. Click on Well Ident from the list on the left side. See 
where the field is placed on the form. Move if you 

___ wish to another Elace. Change_the_default.size,.add·-_:--.:__--_ ~~-----~~ 
_____:__:_ ______ -~------~~----c-c-~--_.:__--'_;...... ____ c--oora~r, cnange font to-12 or 14 points,-boldface: - ~---___ - ---- ~ 

____ __:_ __ --::--::-::::====~-_:::_ ª":-Glic]<-_on-Description:-Change attributes if yo u wish.~'-

··-.' . 
. ·-

... ~. -

-··· .. 

7.11.3. Create Data 
Base Entry. 

7-17 

\ 9 .. Click on pH, then on TDS, then on Conductivity. 
-Continue by selecting Toluene, Benzene, and final! y 
Phenol. The form may look as shown in Figure 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 Exit. 

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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EXAMPLE THREE •• Farmland Facility Chemical Data ~ase 

j Well Ident 1 
Dcscription 

1 ,, 1 TDS(ppm) · 1 Conduc!Mty 

1 
I'H 

1 ' 

1 r~~-~:e ·¡Benze~e l Pnenc! 
1 

Figure 7-19 

····s. 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 sam.ple. If you 
press PAGE DOWN instead, or click with the mouse 
on MW-1 entry in the list of wells/samples, 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, dose this application by se-···· 
lecting Data, and Exit. 

EXAMPLE THREE .. Fannland Facllity Chemical Data Base· 

Well ldenl ,..._, 
Description 

.,-_..... Hoo.1tcrtng Well on Farmlond Foc:lll':Y-

1 

Tos (ppm) ·" · · 1 ConducC\Irty 

2.40 . 466.00 . 412.00 

· Figure 7-20 

r.· . 

8.20 ¡· 
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7. Select Application again, and click on Master Data. 
Notice that the display contains on!y one well, MW-
1. The only inforrnation shared between applications 
is Description. The display is as shown in Figure 7-21. 

This ends exarnple number three. 

-J Masler Datn [; c:lgwcl\l'armlarod.!JWWJ Id b''kmfiHM 
Oüttl !Jnns Beport Milke Ran<!om Load Hnp l:lelp 

'" 

ldln E.: 1 :.::: ! ~ t ;:;:~ :~~ o:t~ :.mt~!~!~:tm:: tt< i:.:: t~-, J ~: !t ¡:;.: l.U~ ::.:~ :!~ 
MW -L .. _:· ¡ :::; ~-n :::; ~~:.¡ ::; ; :~¡;;.;;;:.· . .;.:~:;.;: .;.~ '::: ~~-~ n::;: _:; ¡o;:; ~~- ¡ : ;] :.¡.·í: ::J· 

- r --
---~--- ----------- --·- --~· 

Figurek21-----------------------~-----
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CHAPTER EIGHT WELL LOGS & LITHOLOGY 

-,__._,__ 
->- -· ?---.~-. -

- ~- -
8.1. GENERAL 

--~-----

Using the Well Log application qn the rnain rnenu bar of 
the GWW software yo u rnay do the following: · 

l. Create a new welllog by entering drilling data 
(depths and lithologicdescription of drilled layers) 
and construction .data (hole and casing diarneters, 
screen position, rnaterials filling annulus). 

2. Use the existing lithologic syrnbols for various li
thologic rnembers and/ or materials filling the annu
lus or crea te new symbols directly on the screen. 

3. Display a welllog with its construction details on th~:_ _____ _ 
screen. ---~-~ . ~··----- ---

. . . 

- • 4. ·Crea te a lithologic data base wlúch will be us.ed.b.y _____ _ 
....:. _____ _:__-====-:=-----other·applicatibns:theCross Section, for creating li-

. thologic cross section; the Fence Diagrams, for crea t
. ing three-dirnensional fence or block diagrarns; and 

the Mapping application for crea ting various ran-

-· 

8-1 

dom models and cohtour maps. 

S .... Print a welllog, usihg a default reporting form or 
forms that you created. 

Tlús <fpplication works in conjunction with three exter
na! ASCII files. Oné is narned by default SCREEN.DLT, 
and for a new data base it must be contalned in the GWW 
directory. It contains symbols for drawing a well screen 
and for painting both sc¡een and blank casing. The other 
two files are narned LITH.DLT and ANNULUS.DLT. The 
first file contains many pre-programmed lithologic sym- · 

, ·. bols for displaying ail,d printing various lithologic mem
bers .. The second file contains several symbols that are 
comrnonly used in displaying materials filling the annu

. lar space between the drilled hole and well casing (such 
as conductor pipe; gravel pack, cernen~ da y, etc.). The 
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structure and details of these files are discussed in Ap-
pendix E. · 

As in any other application of the GWW system, you 
· -· · may enter "dedicated" data for wells using this applica

tion (lithology, construction details, materials filling the 
annulus, size of concrete block, etc.) and general data on 
á well using the Master data application (desoiption, lo
cal name, coordina tes, elevations, etc.). 

The lithologic data and well construction, if you wish so, 
that you enter in this application are used in the Cross 
Section and in Fence Diagrams applications. 

- 8.2. OPTIONS ON 
THEMENUBAR 

8-2 

As shown in Figure 8-1, the majar optio~ on the appli
cation's menu bar are the following: · --

FigureB-1 

• Data 
· • Well Lag Data (abbreviated to W.L.Data) 

• Display 
• Construction 
• Report 
• Lithologic Units (abbreviated to Lith.Units) 
• Load Map 
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• Make Random 
• Help 

Ea eh of these options is explained in detail in this chap
ter. 

When the Well Log application is selected, the clisplay 
window consists of.three main parts: 

Menu bar on the top, in one or two Unes depending on 
the screen resolution yo u are using (one line for 1024x768 
or 800x600; two lines for 640x480). 

List of wells on the left curren ti y in the working set, with 
the number of wells. The first nurnber tells how many 
wells are currently in the working set, and t11e second 
nuÍnber tells the total numbér of wells in the lithologic 
application of the data base. 

Entry form with information on the first well on the list 

_________ ~:n~mp~ _f~_rrt_f_or_a n:~ ~ata~a_se. _ ___ _ _ ___ _ 

--~-----~'-----~~-···----,--------:----

8.3. DATA 

···-

8-3 

The Data submenu is shown in Figure 8-2. The following 
options are availablé. · · ... 

• Select Working Set. 
• Delete Re.cord. 
• General Data Units. 
• Change Entry Form. 
• Standard ASCII Input. 
• Standard ASCII Output. 
• ·Pririter Setup. 

·. • Exit. 

· You use Select Working Set 
option in the sa·ine manner as 
with any other application. 1 ts 
use is explained in Chapter 5, 

General Data JJ.nits 

Change Entry Form 

Standard ASCII Input 
Standard ASCII Qutput 

Printer Setup 

SRRG-9 SWL 

Figure8-2 
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Section 5.3. Its purpose is to reduce a large set with roany 
wells toa sroaller set of wells which roa y be selected for 
whichever reason. 

· .The general data units option perrnits you to (a) check 
which units you are currently using, and (b) roodify any 
unit. For additional instructions on selecting units, see 
Chapter 4, Section 4.5. 

To delete a record, do the following: 

l. ~ove the cursor to the well you wish to delete. 

2. Select Data on the application's roenu bar. 

3. Select De Jete Record, or hold down the CTRL key and 
press D key. 

4. A warning will be displayed giving you a chance to 
reconsider. . 

You roa y use the default entry forro as displayed in Fig
ure 8-1, or any forro that yo u roa y ha ve created following 
the steps explained in Chapter 3. To change the forro: 

l. Select Data on the application's roenu bár. 

2. Click on Change Entry Fom1. 

3. Select the form naroe from the list displayed in the 
dialogue box which you wish to use as your entry 
forro. 

4: Clítk on OK. 

You will notice that the new forro has replaced the de
fault form. (This selection is done only for a new data 

·base. The program reroerobers which entry forro you 
ha ve selected and will display it next time yo u open the 
data base.) 

Jhe option Standard ASCII Input is used for input of 
more than one well. This· is to say that you roay input 
ori.e, two, or as roan y wells as yo u wish froro one ASCII 
file.The ASCII file roay contain lithology and depth in
tet"vals, 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 si.!bmeriu, Standard ASCII Out
pul, the file would contain by default all wells in the cur
ren! working set including not only lithology but also the 

-l_~--·-· · · · ·. information on well construction, such as hale and cas
ing diameters, screened intervals, and information on 

...... 

annulus. · 

An ASCII file with welllog information may loo k as fol
lows: 

WELL: PO-I 
X: 657900.00 
Y: 949000.00 
ELEV: 80.00 
ELEVM: 79.22 
LITH: 

13.000 CLAY 
22.000 SANDF 
32.000CLAY 

_ . , 37.000SAND __ . ____ -------~--~ ____ .. -
·-------- -:;:-- ·44.000 GRAVEL--:- . . . 

- 63.000 SANDu.M:::_ _________________ _ 

--- :_~----.,..---7I:ooo·cws-

o 

8-5 .. 

-... ' 

. 90.000 CLAY 
101.000 SAND SAND l\1EDIUM GRAINED 
106.000 CLAYCLAYWTIH SO!vlE GRAVEL 
109.000 CLAY 

HOLE: 
10.000 0.600 
55.000 0.400 
109.000 0.200 

CASING: 
10.000 0.500 
55.000 0.300 
108.000 0.100 

SCREEN: 
15.000 20.000 
26.000 32.000 

. ANNULU;i: - . 

10.000 CE!vlENT 
55.000CLAYH 
109.000GWS 

-.. 
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The option Standard ASCII Output is used to save data 
in standard ASCII files. The data saved will indude, as 
rnentioned earlier all. wells in the current working set, 
depth intervals, lithologic description, coordinates and 

-. ·. elevations, and construction data. The forrnat is the sarne 
as in the exarnple above. For more detailed instructions 
on ASCII file read Chapter 5, Section 5.5. 

The l'rinter Setup option is explained in Chapter 5, Sec
tion 5.4. 

8.4. EDITING WELL 

8.4.1. 

8-6 

LOGDATA 

Editing Existing 
Data 

To edit depths and lithology data for a well that is al
ready in the data base, do the following: 

··1· 

1. Select W.L.Data frorn the application's rnenu bar. The 
. only available option on the subrnenu is Edit Log 
Data, as shown in Figure 8-3 .. 

2. Click Edit Log Data 
or press ENTER A 
table such as the one 
shown in Figure 8-4 
will be displayed. 
The table contains 
three colurnns. The 
first is Depth, the 
second Lith. Unit. 
and the third Corn
ments. The depth 
value is the bottorn 

• __ ._. _ o f t he 1 a y e r de
scribed in Lith. Unit 
colurnn. The code in 
this colurnn must be 
listed in the ASCII 

Ihickness Data 
Depth{Thick. !,!nits 

lnsert Row CtrH 
Delete Row 

Figure 8-3 

file which contains codes, description and symbols 
for ea eh lithologic unit to be used in the data base. As 

- • y, 
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1 

PO·l 

Depth¡mJ . .. Uth. Unlt. .. -· Comra.eru -
1) Ct.AY , S"A.NDF S'AbD fl.ne Wl.t.h g:omO! \m.ech.um gr;~~lno!!d •and 

. 32 CLAY 

l7 SAND 
44 GRAVEL !ORA.VEL ·" granulat1o=o~\ '"'l.th ~and 

63 SANDM 
71 GWS 

90 CLAY 

101 SANO SANO mcdl.'-UI'I <¡:;ral.IH!d 

106 CLA'\" Ct.AY Wlth som• arav.,l 
CLAY 

Figure 8-4 

mentioned in 8.1., é:me such file will-be copied to the 
GWW directory under the filename UTH.DLT. Its 
structure, symbol creation and color codes are ex
plained in Appendix E. You need to know now that 
ea eh 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 ls entered in 

~---- -~ "--.--~- __ .. LITI:I.DLT-file as-SAND, in this tabie-you· must·als·a-· .. - · 
-~---e ---- -- - --type SANO. If you mistype, or simply forgot.the. e 

code,-the-program-will-stop-and-waiCfor a cor'rect 
code. Also, if you type depth intervals out of se
quence, the cursor will re.turn to the wrong input. 
You will not be able to save the data unless you cor-

_.,,__ 

.,_ .. __ 

8-7 

re-ct.the input · · -...... 

NOTE. Codes are case and content sensitive. 

· 3. You may edit depth intervals, codes for lithologic 
units, and corrunents. You will notice that for sorne 
layers (intervals pf depth)there is no corrunent, while 
in others there is additional description of lithology 
in the Corrunent col urnn. This is interpreted in the 
following way. Each symbol in the file LITH.DLT is 
defined with a symbol name, which is the first word 
in the UTH.DLT file (CLAY, SILT), anda description 
which will show on the display and on the printed 
welllog. This is one or more words after the symbol 
narne. You have the option to have the default de
scription of lithology typed onthe welllog orto type 
sornething different and/ or expanded. If yo u decide 
not to·type anything in the colurnn Corrunent, the de-

.... · 

. ' .... --. 
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fault description of lithology will be used from the 
file LITH.DLT. If you decide to type anything in the 
Comment column, the program will reproduce what 
you type and not the default. You may type long de-. 
scriptions, but use backslash (\) as delirniters. The 

- number of characters or words you will be able to 
type within the column width will depend on what 
font size you ha ve selected, and the width of the col
umn for the lithologic description. 

4. For editing use keys TAB or El\lTER 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 ha ve finished editing, press the combina
tion CTRL+S to save 
and ·exit. Other combi
nations are displayed in 
Figure 8-5. For example 
CTRL+I will insert a 
row, CTRL+D will de
Jete 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 
mo~e, you rnay click on · 

Ihic~ness D~ta 

Depth{Thid:.!,!nits 

lnsert Row 
Delete Row 

f¡ave Log Data 
E2!;il 

- FigureB-5 

CtrH 
Ctrl-0 

Ctrl-X 

W.L.Data again. Now all options are available, as shown 
m 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 yo u select this option, 
the dialogue box will display á list of available units for 
léngth. 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 yo u wanted. 

- _::, 
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8.4.2. Creating a New To create a new welllog, the procedure is the following. 
· Log 

-:;...~--=--. 
. - ,. m:-~~-
.........._~· 

_ : -l. In the Entry form type the new Well Identification 
name or number, using any combination of nurnbers 
and characters. Fill other fields with information. If 
the Well Identification name already exists in your 
data base (it will exist if you have typed sorne infor
mation for this well either in the Master data appli
cation or in any other application), the program will 
automatically fill in the fields that airead y ha ve infor
ma !ion. Normal! y this would apply to X and Y coor
dina tes, ground surface elevation and well 
description. 

,_. . 

2. Select W.L.Data and Edit Log Data. Type the data into 
the table. On the last line with information after yo u 
type a code for Lith. Unit, override the default de
scription by adding ariother in the colurnn Comment, 
hold down the CTRL key and press s:· . 

--·--- ------ ----
__:_:::__~- ~~-. ~ ~~ .,-::: :!-we wi!Istop"here because-yoÚ n;ed to kriow morelJefor¡?-: ---- . 

----------:-----:--J.:OU can crea te a log. __ ,-----,------

--8.5.- --LITHOLOGIC - ' 
UNITS ...... 

8-9 

On the screen and in the report, the GWW prográm clis
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 mentioned befaré, these symbols are contained in a 
.-:,,-__ · special ASCII file, named for the GWW by default as 

LITH.DLT. You must tell the program, when you start 
· creating a new data 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 8-6: 

• Edit Lithological Unit 

• Standard ASCII Input 

• Standard ASCII Output 
• Delete Lithological Unit~;;:::=;::~====== 

Figure 8-6 

When creating a new data base you rnust startwith the 
second option, Standard ASCII Input. The dialogue box 
will be displayed as shown in Figure 8-7 listing all files 
with extension .dlt (stands for "define li!hology") in your 

lithological Units Standard ASCII Input 

Input file 

Filename:J L;a;_.I_Il ____ _,1 1 o~ 1 
Directóry: C:\GWD 1 Ca~Úlél 

Files: 

annulus.dlt 
lith.dlt 
screen.dlt 

Oirec1ories: 

[ .. ] 
[-a-l 
(-b-J 
I-c-J 
[-d-J 
[-j-1 

li-ffi-1 

FigureS-7 

current wótking diréctory. In the case. displayed there 
_are three files with this extension: 



8.5.2. Edit Lithologic 
Symbols and 
Descriptions 
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ANNULUS.DLT, which contains severa! codes and 
syrnbols to be used for displaying materials filling the 
annular space; 

· ·· LITH.DLT, the main file with all lithologic units to be 
used in the data base; 

SCREEN.DLT, which contains two entries, one for 
screen and another for blank casing. 

Ea eh of these files is either complete! y or partially repro
duced in Appendix E. Yo u may change the name for 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 lithologic unit or you may add a new 
lithologic unit. Todo this: 

l. Select Lith. Units on the 
.0.: -=-- ___ , ___ _::__:·~' ~- --~---_-'-'-:- -· ::.... -·-menu·bar.---·e-· :::.::,:e_ __ :¡-~~~=;;:;:=:=:;;;;;;;:;::=:==;;;;;¡::=¡-

8-11 

--- ---- 2.=SelectcEdit Lithologicai:_-:_-
-Unit. - -

.,.:;,i.~i~..:.~ .. -: .. ~·:··, ... -;- _-- -_ : .-
The s'i:re·errwill display a 
li_st_\;Vith all_currently avail- . 

.. . abie lithologic tiitits. This is . 
shown in Figure 8-8. The . 
list is read from the file 
LITI-I:DLT which was used 
a t sorne point in crea ting 
this data base. The first on 
this list is New Lith. U ni t. 

1 .ok:<JI ciinceJI 

Figure 8-8 

·Editing of existing lithologic units is shown in Figure 8-9 
· --- for a unit coded as CWIOS. The acronyrn is user-defin-

- ·able. In this case it stands for "Clay With Interbeds Qf 
,Sand". You may use anything, but acronyrns or codes 

-should be easy to remember. For this unit the default de
scription that will be.typed on the logis: CLÁY with in
terbeds of sa·nd. You may rriodify this now, globally, f<ir 



8.5.3. Deleting 
Lithological Units 
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L1lhologlcal Symbol ·--

Codc 1 CWIOS j O Pcnncablc 

CornmcniiClAY with inlctbcd' olsand 

Figure 8-9 

every occasion in whlch the code CWIOS will be used. 
· · Or you may keep itas it is, but modify it la ter on an in

dividual basis using the Comment column in the Edit 
Log Data option. 

Figure 8-9 also shows that you may assign various color 
attributes to both Unes and background. If either is se
lected, a standard Windows color palette will be dis· 
played from whlch yo u may select an appropriate color. 
You may also edit the symbol itselfby adding points and 
Unes to the rectangle on the left. By moving small mark
ers up and down, orto the left or right, you may change 
the density of repetition of the symbo!. 

These steps allow yo u to designe new symbols or modify 
the existing ones directly oathe screen. The steps neces
sary to do thls by modifying the ASCII file LITH.DLT -
will be discussed in Appendix E. 

"'•· 

Yo u may delete one or more lithological units. As showri 
in Figure 8-6, you should select the last comni.and on the 

_ menu, Delete Uthological U ni t. The new dialogue box as 
shown in Figure 8-10 will open, with the list of al! avail
able lithological units. Highlight omi or more gf these 

.... · units, as shown in Figure 8-11, and click on O K. The · 
hlghlighted units will be removed from the list . 

........ 
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CLAY 
CLAYH 
CONG 
CWG 
CWIOS 
DOLO 
GRAVEL. 
GRAVELC 
GRAVELF 

WELL LOGS & LITHÓieOGY 

Figure 8-10 

FigureS-U 
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8.6. 
CONSTRUCTION 

DATA 

.. ~--~:.,:- · .. · .. On the application's 
"-"~ ·. ·· · · ·m en u bar the cornrnand 

Construction has the fol
lowing options, as shown 
in Figure 8-12: 

• Annulus 

• Hole 

• Casing 

• Screén 

• Constr. Units 

· • Annulus Materials 

. !;_asing 
~creen 

Constr. !)nits 

Annulus Materials 

Figure 8-12 

---~-..;-_,:., _____ ,--___ This last op_tion branches into.one of.the-three options,as-_-· ~-~--=-'"· 
shown in Figúre 8-13: 

8-14 

-•,. 
Standard ASCII Input 
Standard ASCII Out 

. Figure 8-13 

• Edit 

• Standard ASCII Input 

• Standard ASCII Output 

~ NOTE. Wllen editing existing data or entering new data (jor 
. >-· .. annulus, hale, casing,.and screen), after h;ping the last entnj 

-do not press TAB or ENTER because this will open a ne-tV/ine 
which would remain blank. End input l7y holding down the 

·""''' CTRL key and pressing S (jor Siwe). Ifyou do make a mistake, 
delete this blank /in e bY. holding down the CTRt key andpres~:. 

-". 
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ing D lfor Delete). T1zen use thecombination ofthe keys CTRL 
and S to save. 

8.6.1. ~-.,_- · . · Using this.option, you can transfer the data on various 

8.6.2. Hole 

8-15 

materials which fill the · 
space between the casing 
and the hole, and specify 
the depth intervals for 
each of these. The display 
willlook as shown in Fig
ure 8-14, with two colurnns: 

• Ending Depth 

• Annulus 

SRRG-9- Annulus 
Endln~ Oepfh[m] 1 : Annulus 

1 

Figure 8-14 

In the colurnn Annulus you should type the code forma
terial filling the annular space (conductor, cement, e! ay 
sea!, bentonite, gr¡¡_vel pack, grave!, sand, etc.). The codes 

· yo u select here must ha ve been airead y entered into the 
data base using the last option on this pop-down menu, 
Annulus Materials. Again it is essential that yo u type the 
codes in the same way they are typed in the· file contain
ing. their symbols, codes, and descriptions. In the case 
above, this is the file ANNULUS.DLT. 

In the colurnn Ending Depth, you should type the end 
of the interval filled with materials selected under the 
colurnn Annulus. 

When you select this option and type the information, 
the display may look as shown in Figure 8-15. 

P0-1 -Hole 
EnÍilllg Oepih [m) Dial1leter [mi .t 

~o . 61 
<,-

~ 
55 .4 

·:-, -

109 .2 

Figure 8-15 
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8.6.3. Casing 

8.6;4. Screen 

-. 

8.6.5. 

8-16 

. 
.. 

. 

Construction 
Units. 

" . 
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Sirnilarly, selecting the option Casing and typing infor
mation the display may look as shown in Figure 8-16. 

P0-1 -Casing 
Endíng Oepth {m) Oillin..t.cr'[mJ ¡.!. 
iE 0.5 1-

55 0.3 
108 0.1 

Figure 8-16 

For the screen .yo u do not type the diameter. It is as
sumed to be the casing diameter. You type the beginning 
and end of each screen section. The final display may 

-loo k as shown in Figure 8-17. 

P0-1 S creen 

Slartinli Depili [mi E'ndínu Dcirlh Jml 
" 

You may select dif
ferent units for 
length and for vari
ous diameters. The 
option for this is 

. Constr.Units on the 
Construction menu, 
which branches into 

'l~ 

26 321 

Figure 8-17 

( ... '''$>..,"., ..... ' , ..... ~ .,),~ " ~· 

f;!N.•.\~!.•,ot.1,•!A'·' 

énnulus 
]:jale 

~sing 

.:¡creen 

20 

. 

.t 

.•.. 

. two suboptions as 
shown·in Figure 8-
18. Figure 8-18 

... -

" 
. -· -

-~ 
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8.7. DISPLAY 
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If you wish the display and print to shów the annular 
space filled with materials using syrnbols and colors, 
plus the description, you rnust read in the standard AS
CII file which contains these syrnbols. Rernernber that 
the GWW prograrn looks fottwo separate ASCII files, 
one for lithology and another for annulus-filling rnateri
als. 

Youmay display a welllog at any time. It rnay show only 
_ intervals of depth without any description and syrnbols. 
This will happen if yo u did not input the ASCII file with 
codes, syrnbols and description of lithology. It rnay dis- . 
play intervals, lithologic syrnbols and descri ption of 
units but without any construction details. This will hap-

- pen if yo u did input the lithology ASCII file, but not con
struction details. It rnay display construction,. 
annulus-filling rna terials, and lithology, as shown in Fig
ure 8-19, if yo.u have all associated files in the data base 
and ha ve entered construction inforrnation. (The display 
will even show the height at scale of a concrete block on 
the surface.) 

To display a drilling and constructioh log of a well you 
should: 

· ···1. Select, using cursor or up and down arrows, the well 
that you wish displayed . 

. , - 2. Select Display frorn the rnenu bar. 

The log will be displayed without any further interven
tion. Once displayed, you rnay zoom a portian, or use 
the option Fit Wnd (Fit Window). 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. Assurrüngcthat 
you are going to print using the USA letter format, that 

_ _ is 8.5xll inches, wii:h the standard defau.lt form created. 
__ by the programmer for the GWW package you will ha ve . 

· · 20 cm for the log. For a well 100 Il)-deep 1:500 wóuld be· 
an adequate scale. If·you want to print a well about 200 
m deep yo u shou.ld change the scale to 1:1000. Assuming 
a well was drilled wi th an initial diameter between 0.2 
and 0.6 m, selecting 1:40 for the horizontal scale would 
make the log between 0.5 and 1.5 cm wide. Notice, how-
ever, that the entire well log column will expand or . .- ·. 

· · stretch, depending on the horizontal sea! e yo u ha ve se-· 
lected, at the expense of other columns. If you ha ve too 
much text to type in a narrow column (lithológy or an-

. nu.lus), change fonts selectedJor typing. See Chapter 16 
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Customization for selecting fonts for the display and 
printout of a welllog. 

Yo u may display static water leve/, or mz y water leve/ on the 
· ·Jog. Prepare your Entry form with the entry SWL. (You should 

have first "created" this item to be a part of the data base using 
the Data Stmcture Editor for Lithology.) Remember to type 
the SWL as abso/ute elevation, not the depth to water table. 
This value will be subtracted from the measuring point e/eva
tion (Zm) or /and surface elevation (Z) and displayed as a line 
with inverse triangle in the column describing lithology or 
well construction. 

8.8. REPORT You may print a well log using the option Report from 
the application's menu bar. As shown in Figure 8-20 yo u 
will ha ve to select between two reporting options: 

• Print Log 
• Print Table 

The option Print Log will print 
the log of the well éurrently se
lected. The option Print Table 
will print inf9rmation, in a tabu
lar form, for all wells that com
prise the current working set. 
The information which will be .. 
printed will depend on what you 
ha ve declared in the reportform. 
When you select to print using 
one of options in the upper two 

Seled lag form 
Seled T able form 

Drawing Dimtnsion 

FigureS-20 

lines of the menu, the program will prompt you to select 
- a reporting form. The next two lines of the memi do the 
same, except y.ou must first select a reporting form and 
then decide to print by dicking on one of the options 
above. 

. ·. 
The option Drawing Dimension is useful for deciding 
on vertical scale of a log. When activated, it prompts you 
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firsffor a reporting form, and then displays the length of 
thelog and the nurnber of pagés"it will be printed on. 

Yo u may also save a welllog drawing for placing it on a 
~~nonstimdard reporting form, eventually mixed with 
other graphics. For this, yo u use S ave Well Log Drawing 
option, followed by Print Nonstandard Report from this 
or another application. 

This option is explained in detail in Chapter 5, subsec
tion 5.3.2. It is used to select a working set, or wells to 
work with directly fro~ a map. 

---'-¿~~~~~~~-:_·:.=~ -=-~--C-C---'--~--~~ ~-¡¡T::;hi=;;. s~r~o'fu'-';:tif:¡. n~e'::i~s'::.exr-lained in rnore~detail in Chapter~S, Sec--'---_.0_---
.-~ tion 5.6. The prograrn will allow yo u to select any one of 

~~~~§~~~~~~~~thecspace_;_distributed=nurnerk~J:iaram~ters.:_a~ailaple=f<Jrc--- . --~-
:::: - "th!s-ápplication;iii.dud.ing sorne thatmay ha ve no mean- ~ 

ing for co.ntouring (e:g., scales, size of concrete block, 
etc.). Likewise, thestatic and dynamic water levels (SWL 

8-20 

. and-DWl.)-rriay have no meaning ihhey were takeri at 
· d.ifferent dates. 

-----

.. _.You inay d~cide to iridude for -yo~ p~;¡eC:t so~~ pa-
~. rameters that willdefine tli\!.thickness of á 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 -'-'<!rioos elevation 
lines on lithologic cross sections. 

With the data currently in the welllog part of the data 

...... 

~ · -- base, the only parameters that are space-dependent and ' ' 
ha ve nurnerical values are the ones shown in Figure 8-2L ;.: .·~- ' 
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The final option on the 
. menu bar is Help. This is a 
context-sensitive Windows
written help which explains 
almost everything ex
plained in this manual. 

• 

. ... ~~· 

Random Mdl. Variable 
SWL 
DWL 
Conc:rBioc:kDx 
Conc:rBioc:kDy 
Conc:rBioc:kH 
Above GS 
Vert.Sc:ale 
Hor.Scale 
X 
y 
z 
ZM 

Figure 8-21 

~-. 

Asan example you will crea te a welllog for the follow-
. . 

ing case: 

Lithology (in feet): 

0-10 Clay 
10-16 Sand fine grained 
16-22 · Sand with grave! 
22·36 Clay 
36-48 Sand 
48-55 Silt 

_ Hole diarneter: 

0-1 O 12 in ches 
10·55 · 6 inches 

- ····-

. ~ .. 
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Casing diameter: 

0-10 6inches 
10-55 3 inches 
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Screen set in two iñtervals: 16-22 and 36-48 feet. 

The upper 10 feet are cemented, and the rest is filled with 
grave! pack composed of sand and grave!. 

For Ji tholo gy d escri pti on and annul us-filling ASCII files 
. use the default files: LITH.DLT and ANNULUS.DLT. 

You will start by filling in the fields in the Entry Form. 
Give the name to the well MW-1. Select the vertical scale 
125. The horizontal scale is not important. The prograrri 
uses its defalllt. When this is done, continue as follows: 

l. Select lith.Units . 

..,:::::~;::::::;~:::;;,~~~~~=~=:=o=!2:". ~SelectS_tandardcASGIIclñput.:=_=~~~~~~==~=~='-~ 
~ :3: Click on the file na me Llth.dlt in the \GVVW directo!)':=~-=-~_: - -~- ~ -__ _ 

.:::::;;:::.::::::::::::;:::=::::.=:::=:;:=:::=:=:===4;¡·_=-s;;selecf w; L:Data fromthe menu bar. 

· 5. Select Edit log Data. 

____ ...,.__,,--~-~-- 6 .. Select.again-W.L.Data:-The whole menu·is·n:ow~avail~-- -
~~- . . 

--o- ·-' 

8-22 

. _.,; f Select"Depthffhick.UnÜs . 

8. Double:click on feet. Notice"fhat the depth colurnn in 
· · the Ú1ble is now in feet. · . ..... 
9. Type 10 and press TAB. 

10.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 SANO, press TAB .. 
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15.Type 55, press TAB; type SILT and do not press TAB. 
If yo u 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 

Depthff~tl Uth.Uilit · ; -:.: 

··········: 
·' ·comment. 

10 CLAY 

16 SANDF 
·zz GWS 

36 CLAY 

48 SANO 
55 SILT 

Figure 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 ASCII 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, s.elect Construction, then Con
struction Units. Double dick on feet. Notice that the 
table displays feet units. 

23.Type 10 and press TAB.,.then type CEMENT and press 
TAB. 

24.'rype 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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MW-1 - Annulus 

1--------;,lD~CEM~ENT:'_ __ -J ,:. 
SS :ii\'lil '' 

~----~~~--~ 

FigureS-23 

27. Type 10 and press TAB, then type 1 (one foot) and 
press TAB. 

28. Type 55 and press TAB, then type 0.5 (for 6 inches 
expressed in feet). The tableas shown in Figure 8-24 
is displayed. · · 

29. Hold down the CTRL key and press S to ~ave the 
_ data. 

MW-1- Hole 
· ~- - ·-----=== ~~.:..:-=--=-_J_ec-n""éii'""n9-"'··-oe"""~p;;_1th;\ ¡:.::1ree::.:..:t ~D::::IWJl~ .... .;...et-=er=-·.n""'re..,;· · =;t¡:;,.>t::J_ ...::..:~-~-===== 

- ----------

·"'· 
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10 1 • " 

, ------=-s"'-s-'-':51-"---=---1::'" --~~-__ -_ -=::.:::: _ 1- . ..,.¡ 

"'' 

), 
. ' 

FigureS-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. Notice the · 

·" · .change-ofunits . 

. ::'-: ;32. Type 10, press TAB, tyR_e 0.5 (~-~nches, in feet). 

33. Type 55, press TAB, type 0.25 (3 inches, in feet). The 
tableas shown in Figure 8-25 is displayed. 

34. Hold down the CTRL key and press S to save" the 
data. 
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MW-1 -Casing 

Eridlnq Depth rreet) Dlaineter [t~tl ::¡:· 
10 . S ; 

SS .25 { 
•';' ... 

,·.:·. 
- ... ' 

'"• 

Figure 8-25 

35. Select Construction again; then select Screen. Notice 
tha t uni ts are rneters. 

36. With the table open, select Construction, then Con
struction Units. Double click on feet. Notice that the 
table displays feet units. 

37. Type 16, press TAB, type 22, press TAB. 

38. Type 36, press TAB, type 48. The display is as shown 
in Figure 8-26. 

r-------M~W~-~1-~Sc-re_e_n-------, 

Startmul)<lpth Tlee!J Endlnl:r O®U> ff~!!UL* 
16 22 ~\~ 
36m - -~;_ 

t,' 
-'-~ 
_,_ ~-
~::·-

· Figure 8-26 

39. Hold down the CTRL key and press S to save the ·-
. ~~. . . . 

Now that all inforrnation for this well has been inputted; 
you rnay display the log. Select Display. Practice with 
Zoom In, Zoom Out, and Fit Wnd (Fit to Window). The 

_,jog may loo k on the screen as ·shown ·in Figure 8-27. 

- . _ This ends exarnple four . 

.•. 
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CLAY-. 
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"·· 
GRAVEL 'Mth sand 
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SILT 

Figure 8-27 
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CHAPTER NINE PUMPING TEST APPLICATION 

9.1. INT~TION . -

9.1.1. General 

" -

·.-· ~ _, 

'0 ' 

9-1 

Using the Pumping Test application from the mainmenu 
of the GWW 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 the screen or 
- - ~ print them using one of three_ dj.splay options: 
~.--.·.- - . - . ' 

e - - (a) both time and drawdcrwri-cócirdiniüe axes áre at 
· · "--clogarithmic scale;· ~- --- · · ~-- .-_---:-:-_- --

(b) both time and drawdowncoordinate axes are at 
linear scale; 

(e) time (absdssa) is at logaritllriÜc scale, arid c!Tiw::----·-·-: .. ' 
down ( ordinate) is at linear scale. 

4. Print the results in one of the fpllowing forrns: (a) table -
form with general data on wells and hydrogeólogic 
parameters, (b) table form with measured and fitted 
data for one well, and (e) standard reporting forms 
showing the pumping test dilta and fitted curve. 

r ..... 

5. Prepare thé data on hydrogeological parameters for 
contouring. Normally you would like to produce a 
contour map of transmissivity, or prepare an input 

_data file with transmissivities and hydraulic conduc
tivities to be used for modeling. 

·.1-' 

-·~·-
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9.1.2. Features OfThe 
Interpretation 
M o de The program perrnits yo u to specify the following: 

9-2 

-• Aquifer may be confined or unconfined. If uncon
fined, the program adjusts drawdown data for de
crease in the transmissivity using the formula 
deri ved by J acob: · 

s' = s - (s2 /2m) 

where: 

s' = drawdown that would occur in an equivalent non
leaky confined aquifer; 

s = observed drawdown under water-table (uncon
fined) conditions; 

m = initial saturated thickness of aquifer. 
. . 

• Wells are expected to be fully penetrating but correc
tions for partial penetration are included for the case 
of nonleaky aquifer. The progra.m 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 approx:imation of the Theis solution; 

(e) Hantush, using the standard leaky well function 
[W(u,r/B)J curve fitting method; 

~~ :_ >·-; -(d) Recovery method ... 
-~~. ~: 

~~ · In all cases the program does the fitting without prompt
ing you for initial guesses. (The initial guess is provided 
by first solving the Jacob's approx:imation equationand 
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producing 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 va lid only when a certain condition is satisfied. 
This condition is contained in the·size of the well func
tion's argument. The árgument u is defined as: 

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. 

This condition, expressed as the well function's argu
ment u being less than about 0.01, implies that the disc 
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 r---_ -:,-:-:-, -~ 

--- -- -- . c .. :=-~---~. ---. · ... --:and-the storage coefficient s,this conditionwilf nofbe ' 
·- --- -~- - -~ · ~- satisfied. Forexample, the Jacob's app!'oximatesolution -- · · 

--- - - -.~. -wíll nof be va lid Jor- the followi.JÍ.g set of values: . 

9.1.3. 

9-3 

- 2 . . 
r=SOO m; 5=0.10; T=500 m /day; t from 1 tolOO days. _ 

The pumping ,test Boes not need to be run with a per
fectly stable pumping rate. Pumping"Tate fluctuations 
are allowed and curve fitting will take them into account 
provided the history of pumping is known (éxact rates 
and times of changing rates). Theoretically, the method 
can be used for the whole step-drawdown test aswell . 

. . , .. -

You may'-skip any test data from curve fitting. These 
poiilts will still be shown_ on the screen and on the 
printed graph but with a different symbol and color. 

·o:·-- ··Thé data for a pumping test analysis normally consist of 
four entries: 

• time 

• drawdown or depth to water from a measuring point 



.. 
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• 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, O for the 
drawdown, and the initial pumping rate. For example, if 
a well was pumped at 2500 m3 /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: 

Time . DrawdowRate Skip 
n 

o o 2500 
1 234 
2. 3.21 

However, you may type a positive value Jor the drawdown al 
time zero (row one) indicating that you wish the program to 
accept this as the initial static water leve/. This leve/ is actual/y 
the depth to the water from the measuring point (top of casing,
ground surface, top of concrete block, etc.). Every otlrer value _ 
in the seéond column ("drawdown" column) will bé-..inter- · 
preted as the depth to the water and the vertical axis on the 
pumping diagrams will be labeled accordingly. 

There is no need to repeat input of pumping rates as long 
as the rate'ís constant Only when it changes, the change 
should be typed:· 

Inthe case of the recovery of water levels after _the pump 
stopped discharging, the convention is the f.OllQwing:-

. ~ ~ , , ... -_ 

You must provide the history of pu:mpiñg dú~ing the 
pmnping stage, ending the pumping with the line con
taining the final time of pumping, and the final draw-
down, and replacing the pumping rate with O at the time-,:: ,;..·. >- . 
pump was shut off. From that time on, the time input· 

____ must be in totaltime elapsed from the beginning qf 
pumping, and not from-.the moment ,the recovery 
started. For example, if a well was ~umped for 240 min
utes at a.constant rate of 2500 m/day and the final 
drawdown was equal to 1.00 m, and then the pump was 
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shut off and th.(/recovery measured, the data input must 
be the following: 

o 0.00 2500 
'' 2-iü LOO o 

241 0.89 
242 0.81 
243 0.76 
245 0.68 
247 0.64 
250 0.56 
255 0.49 
260 0.45 
270 038 
280 ' 0.34 
300 0.28 
320 0.24 
340 0.21 
380 0.17 
420 0.14 

(This is the example from D.KTodd's book Groundwater 
Hydrológy,_2n9_ ~di!i_ón, _1980, page 133. The_ manual . 
matching pro~uce_d the_!ransmissivity equal to 1140 
m2/day, and this program 1162 m2/day.) -

With t'he Theis l!lethod for a nonleaky aquifer, the fitting. 
method produces thé values of transmissivity and stor
age coefficient Using the Hantush methoi:Í for a leaky 
aquifer, the fitting method produces the transmissivity, 
the storage coefficient and the leakance or leakage coef
ficient While the physical I!l€anings and interpretation 
of the trimsmissivity and storage coefficients is well 
known and fully explained in any basic textboók_ on hy
drogeology, the leakage co.efficient needs an explana
tion.· 

'' 

-_:·;. The leakánce or leakage coefficient. defined as K' lb', 
where K' and b' are the_ hydraulic conductivity and 

_ thickness, respective! y, of the semiconfining !ayer sepa
.rating two aquifers, characterizes the amount of leakage. 
Tfus coefficientis defined as the quantity of water that _ 

-· 

·-. ,. ''· 
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Ea eh of these options, except options Make Random and 
Load Map, is explained in detail in this Chapter. Make 

· Randorn is discussed in Chapter 5, Section 5.6; Load Map 
is discussed in Chapter 5, Section 5.3.2. 

When the Purnp Test application is selected, the display 
window consists of three rnain parts: 

• Menu bar on the top. 

• List of wells on the left currently cornprising the 
working set, with hvo nurnbers at the top referringto 
the il.urnber of tests in the curren! working set?nd the 
total nurnber of purnping tests in the data base. 

• Entry forrn with inforrnation on the first well on the 
list oran ernpty forrn for a new data base. 

Only certain fields on the entry forrn are available for 
input. These are Well Ident (or identification of a well), 
Description of the well, and Obs. Well Distance. In al! but 
the recovery rnethod, you will be reminded to input this 
para meter if you forget todo so befare fitting . 

. Other fields on the forrn are reserved for reporting the 

t) 

results, and you will not be permitted to rnodify thern. t 
These are the fi:elds·réporting the transmissivity, storage 
coefficient, leakance, estirnation error, initial saturated 
thickri.ess, and the fit rnethod. 

-~· 

NOTE. If you ;;ish'io keep in your data base transmissivitlj, 
storage coefficients, /ealamce, 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 fo171JS (see Chapter 3) . 
However, be careful not to assign to these new e11tries the same 
field name as in tlze default structure. Remember that the de
fault field names are transmissivity, storage, leakance. If you 

,._ wish to have double para meter for transmissivity, yo u may add 
· to the data structure TRANS, place this_ 1?1Jtry on your entry. 

arfd reporting form, type the value that you wish to accept as 
the representative va/ue for the transmissivity into this 
TRANS field in the entry form, in additión to the value pro
duced autoinatically by thí! test, and crea te the same field on a 

- ·-- . 

éj 
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new reporting fonn in whiclz the transmissivity as selected by 
yo u wil/ be reported. This may become important if you wislz 
toe reate a transmissivity con tour map by using pumping tests 
results for n certain mmzber of we/ls, by using calculated 
transmissivities from grain size analyses, and by assigning 
tmnsmissivities on the basis of we/1 peiformance or mere/y the 
litholog¡;. · 

The Data submenu is shown 
in Figure 9-2. The following 
options are iivailable: 

• Select Worklng Set. 

• Delete Record. 

• Select Entry Form. 

• General Data Units. 

.• _P.rint Setup. 

• . Exit. 

Oelete Record Ciri-O 

l:;elect Enlry Form 

-General Data .!,!nit!i 

Print Setup 

Yo u use Select Working Set option in the same manner 
as with any other application. Its use is explained in 
Chapter 5, Section5.3. Its purpose is to reduce a large set · 
.with many wellsto 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 C1RL key and 

, -~_:__j¡___··~'-~; 4. ~r::r~~:y~ill be displaye~-~~ing you a chane~ to 
· ~- reconsider. 

.... 

..... - ... ~: ~ 

. ' 
. '· 
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Yo u may use the default formas displayed 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 application's menu bar. 

2. Click on Select Entry Form. 

3. Select the form name which you wish to use as your 
· entry form from the list displayed in the dialogue 

box. . _ 

4. Click On O K. 

As explained inSection 9.2., in the pumping test applica
tion it may be irnportant to design another entry form 
which would 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, thi~kness of sern.iconfining bed, etc. 
These va1ues may then be contoured or reported in a ta
ble. 

When activated, the option.General Data 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 fórm. Re-
member that the ·s!ide bar 
on the right indicates that 

· there are more entries than 
what is displayed. Most of 
these paratneters will ap-

..;- ~).:'M>;>i©'i@."'%1~"":.f.'X%if; ~~;";:.i.'Z·:.X 
~ttf:g; ~'%,.....,;,~.,.:.$,ji{:; ... ~.:::.>oC<"Y>.=.\~ 

14-re::IS.O.li s~led 

1,.-~ •• 

-;Pii<lo W•l 

~ 
"' 

OonoooJ•''I ll::f"• 

k1Soflll•l •el 

"'""""~ Jo~d.t¡J lee! 

tew.~ ntdoyJ ¡ ·~ C.: la.:¡ Tldr..s 1•1 
IJoJ 

. 1 Oi' 1 
11~1·1 

t 
. . 

d{•l 
' 1 ~<>~! u·¡,¡ 

.. 
pear on the entry and re- Figure 9-3 

·--- ··-porting forms. When you 
· select any of these parame-

ters, you will be offered the full choice of units, all units 
· that arespecified in the GWW.UNT file for a particular 
type of units. 

. .... : 

... 
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The Print Setup option is explained in Chapter 5, Section 
5.4. 

9.4. E~'PUMP .. 
TEST DATA 

9.4.1. Mcasurements The submenu Edit looks as shown in Figure 9-4. To start, 
you should selector confirm the unjts of measurements Units 

Edit Measurements 
Slandard ASCII !npul 
Slandard ASCII Qulput 

lnser1 Row 
Delele Row 

·CirH 
Clri·D 

.•------~--- ~ ·-

figure 9-4 

for a particular test. When 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 irt the editing table. This is shown in Figure 
9~. -- . .·· . 

9.4.2. Edit 

9- 1 1 

A·~---E-·. :._; :'-_· ... ysing_the option Edit Attributes you may define your 
~~ pumping test and·aquifer scenado. The display as 
'!f~. . · . shown in Figure 9-5 looks like this only if yOu click on

1 Partial Penetration box and declare the test as a partia 
penetration se tu p. If you do not select Partial Penetration 

'· 

·- t L."\ 
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box, the dis
play will offer 
only the Con
fined box. Ac
tually, the 
following corn-

- bina tions are 
possible: 

(a) Confined 
aquifer box 
clicked. 
The box is 
"crossed". 
Par tia! 

. penetratión. 

PUMPING TEST APPLICATION 

·(gl Confined 

lnilial Sat Thickness m 
'-----' 

[8J~arti11l Peñ~trat~~i- .. ...... , · ::.'~:~·: Íl ~-ci:t- l 
Pumpmg Well Data. lrom Top ol A.quiler ... 

... lo Top ol Screen c==J m 

... to Bonom of Screen r==.J m 

Obscrvation Well O ~~ola. from Top ol Aquifcr ... 

... lo Top of Scrcen c==J m 

... lo Bottom ol S creen r==.J m 

Aquih:r Thid::ne_ss m 

Figure 9-5 

box is not clicked (it is einpty). No other input is re-
quired. · 

(b) Both the confined aquifer box and par tia! penetra tion 
boxes are empty. The case is of an unconfined aquifer. 
You rnust type the value for Initial Saturated Thick
ness. 

(e) Both conÚned aquifer box and partía! penetraban 
boxes are clicked. The display is as shown in Figure 
9-3. You do not fill the box for Initial Sat. Thickness, 
but yo u must fill irÍ. al! boxes underneath, depending 
on whether you ha ve rneasured data froriúhe pump-

:·;;~:~~·i .jng w~ll:orfrom observationwell. , 

(d) Confined aquifer box is not clicked (the case is of a 
unconfined aquifer). Partial penetration box is 
clicked. You rnust type the value for inibal saturated 
thickness and all required information for partial 
penetration. 

,,When yo u select.the Edit Measurements option, the edit .. 
nenlt..,.~ . table is displayed. It may contain data as shown in Fig-

. · ure 9-6, or it may be empty prornpting yo u for input. No-
. tice the units displayed in the header. These are t:he units 
yo u ha ve selected using the option Measurements Units 
on the same menu. Notice also the first row of the data, 
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with O for time 
and drawdown, 
anda value for 
pumping rate. 
You enter or edit 
data using the 
TAB key, ENTER,. 
or mouse. 

NOTE. Remember 
tlzat you must not 

· press TAB or EN
TER when you fin
ish typing of the 
last data input. If 
you do a new fine 

- will automatical/y 
be opened. Since it 
would be blank the 

. f!Jtil]g would jr}~L_ 

1 

'5 

' 
' 5 

lO 
l2 

" "' ,, 
" " so 
60 

m 
:so 

'" 

PT·l 

" " o 27 1 

"" o 3' 1 

o )7 1 
o 4: 1 
o 4S 1 
o ta 1 
013 
O S7 1 

" " o 63 1 

o 67 1 

o " 
o " 
ll e: 
o 25 

" ' o " 
o " 
1 0' 1 
: 07 

1 ll 
:. Ul 

Q "' 2SCO 

Figure 9-6 

-~ . For this not to hap- · · 

• 

• 

• 

_pen the progra!f! will"UJ_arn y_ou ~ delete ~~~l}e, To_delet~_any 
- line,mcl!úting -the last blank line, you hold down tlze CTRL 

ket¡ and simultaneously press D.· · 

You do not need to keep repeating the pumping ráte, 
value. Only if if chariges should yo u type the new value. 
The "Skip" column allows you to elimina te sorne points: 
from the calculatión of the fit. Type * on the row you wish 
to elimina te. · · · 

9.4.4.Standard ASCII You may input pumping test data from an ASCII file .. · 
Inpút This ?hould be a standard ASCII file, with time, draw-

9-13 

down, and pumping rate values separated by a comma 
.. ()r one·or more spaces. The arder of inpút is important: 
·.·time, drawdown, pumping-rate. Wnen you choose the . 
. option Standard ASCII File the box prompting you to se"-' 
. lect a file will be displayed as shown in Figure 9-7. The 
prCÍgram assumes that the extension of such files is .pmp, 

-·~..---

---- ·-.·.-~-·- ------

~· 
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bu t yo u m ay change 
this by typing your 
own wildcard combi
natiorL 

The normal procedure 
in -crea tirig a test se t 
would be to: 

l. Crea te a test well en
try by assigning 
well identification, 
ty ping in descri p~ 
tion, ana typing the 
distance to observa
tion well. 

PUMPING TEST APPLICATION 

Filcn~:~mc: <=(íi!Lll=· :::.• ___ _,! @ 
Dlrccuuy C;\G'WD 1 C"ltltd j 
flles:: Oirectorics: 

IISC.pmp + i-1 
gridley.pmp - (-a-J 
p-545.pmp -.:·. {-b-J 
rcc:..pmp f-c.--1 
ngerll.pmp -l- /-d-] 
tclithan.pmp ' H-1 
thel!: m + tc·me:t;< __ __.J 

Figure 9-7 

2. Select Measurei:nents Units for time, drawdown, and .. 
purnping rate .• 

3. Select General Data Units. 

4. Set Edit Attributes for the test. 

5. Input standard ASCII file. 

Standard ASCII _This option provides for saving test data that you havé"""" 
Outpui entered from the keyboard or that you may ha ve edited. 

When used, yo u will be prornptéd for an ASCII file . 
name. The data are saved in a format which maylook as 

-··· follows: · · 
--····-. 

-....... 

. ·"'-· . 

-- -.r. 
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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 
ss.ooo· 
60.000 
62.000 
64.000 
66.000 
68.000 
70.000 
75.000 
80.000 
90.000 
120.000 

0.280 
. 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 
12.151 

500 

400 

The results of this test are interpreted in the foll_owing 
. .. _ _ .. ""' _ way~o-The we!L W~? pumped_ at a con~t_a_rlt rate of._?OO 
---~~~-. -·-¡n3;aay-in the fiist 60- rrúnutes. In tfie second hour the 

pumping_was at.ª-·!:.e_du_ced r:_ate of 400 m~/ da y . .The test. 
terrninated aftei: two hours o.f pumping.· 

9.5. FITTING 

. . 

... 

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- · 

.J:jaritush Method 
paredfor the·recovery. You may Method 
use either Theis or Hanttish on .. ~.~~~~~~~ 
the same set of data and see the Figure 9-8 
difference in fitting. . .. ... =~. 

·•···· 

·f.,. , .. . . . ' 

. r'· 
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DISPLAY 
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Each of the rnethods works in iterations. The fitting starts· 
with values of transrnissivity and storage coefficient as 
initial gllesses calculated using the Jacob's approxirna
tion. Since the fit for the Theis rnethod is a two-pararne-

·: ter itera ti ve algorithrn (transrnissivity and storage 
coefficient), it is rnuch faster than the Hantush rnethod 
which is a three-pararneter algorithrn (transrnissivity, 
storage coefficient, leakance). lf, on top of this, yo u select 

.. a partial penetration case, the processing rnay take sev
era! minutes on relatively fast cornputers (82486 running 
at33 MHz). · 

In rare cases it rnay happen that there wU! be no fit in a 
pre-specified nurnber of iterations (set at 100). This will 
be the case wherí test data do not co¡;ne el ose to theoreti-

. cal expectations of a norrnalleaky or nonleaky aquifer. 
However, if you notice at the first iteration that the esti
rnation error is labeled with five or more asterisks, your 

··data file is not correct. This will be the case if yo u ha ve 
_not followed conventions as specified befare, yo u ha ve a 
blank line in the data file, or, in the case of the recovery 
rnethod, you ha ve' not typed curnulative time. 

If the fitting was OK, the results will be typed into the_ 
entry forrn. 

The display is used for (a) viewirrg field data befare fit-
ting, and (b) displayin,g the fit. · 

Yo u may wish to view the test data to check for errors in 
typing or rneasurernents. Time data will be OK since the o~·· 

· editor will warn if sorne input data lines are out of time 
sequence. But the ~awdown data rnay be rnistyped or 

---- · behave-errahcally. In that case the fit will not rnake sense 
· unless yo u rnodify the data. One of displays of field data 
is shown in Figure 9-9 befo re the fit. 

-: -
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Befare accepting the results, you will want to see how 
___ _ __ data are fitted. Aftecyou select the option Display:Y.9_!i_c.c-'--=o= -_ = 

-_ -_:~~~-=-:~~:=-areasked to select~c-- · -~~~ : -~e:- __ .. . . ___ ... _ ,_ .. __ 
-------- ·; ._ . -.---- ---- -

one of 
:~(sée Figl.ue 

'.:· 
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• time at logarith
mic scale, draw
down at linear: 
scale; 

• time and draw
down at Iogarith
rnic sea! e; 

Figure 9-10 

.,_ 
• time and drawdown at linear scale. 

· Notice that the printout wUI always be in semilogarith
_mic scale. One of fitted semilogarithmic displays is 

'-- . shown in Figure 9-11 for the Hantush fitting method. 
· Notice the differffice of display for points that ha ve been 
skipped. On the color screen this is even more obvious. 

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

... , ..... 
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Figure 9-11 

By selecting the Report option·froin the menu bar you 
may print the following: · · 

• Fit graph showing field or ineasuúd data and the fit
ted curve, along with results and other information 
that youselected to put on the report form. 

• Atable for a single well displaying measured data; 
. fitted data, the difference between the two, timg, 

pumping rates, and any other parameter that yo u de
dded to put on the reporting form. 

• Atable foral! wells making the data base or working 
·. set displayingsome general data such as wells' iden

tifications, descriptions, coordinates, elevations, 
transmissivities, storage coeffidents, leakance, etc. . . . 

The submenu for reporting is as shown in Figure 9-12. If 
yo u select the upper option, ;Print Fit, the standard re
porting form will be used including sorne general infor-. 
mation aboyt the well, test results, methods of fitting, 
and the diagram. This standard form, which is a part of . 
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the data base template 
GWW.OOO, is prepared 
for the following units: 

-·.--_ -· Tr:rnsmissivity in 
m /day. 

• Drawdowns, aqui
fer thickness, dis
tances and 
geometry of test 
wellfield setup in 
meters. 

• Time in minutes .. 

• Leakance in dai1
. 

PUMPING TEST APPLICATION 

Figure 9-12 

• Pwnping rate in.m3 /day. 

Yo u. may need to modify this form.for another set of 
units. [The modification is done using Tools fromthe . 
main:menu, followed bTReport Fotms Editor, then-
Pumping Tests; and Singlé Record Form, File, Old, 

:~-ce:~·::-'.::.~ -_-- · . ..,. .,::~.=".::Standard'form:] :_·~~ :~---~~.--- -~ ::-_ ~·:-:~:- :-;; 

9-19 

If you select the option Print Fit, you will not be 
prornpted to seléct a reporting forrn. _ 

Similar! y, using the option PrintGeneral Data Table the. 
standard report forrn will bé assurned, and you will not 
be given the chance to replaée it with another forrn that 

· yo u rnay ha ve created. · .. 

The middle two options are used to first select a report
ing form, and second to print the forrn. Select Fit Form 
is in tended to print a report that is prepared for a single 
well, and Select Table Forrn is in tended to print a report 

-.. that is prepared for all wells in the working set. 

-~:-· ~'.'-: In the GWW.OOO templa te data base, three reporting 
forrns ha ve been prepared by prograrnrners to report fit
ted data. When yo u select the option Select Fit Form yo u 
will be asked to choose frorn the list of forms· as shown 
in Figure 9-1~. The 'Partia!Penetration~ forrn refers to a 

.•. 

_. 

'-~ r. ·-· 

-•'(J'II·-· 
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pre-designed form 
which reports all in
formation about the~ 
test setup~ The 

.·· Standard fórm 
should be used for 
fully pehetrating ~ 
wells. It will report 
elther Theis, Han-

PUMPING TEST APPLICATION 

PaniaiPenetrution 
_ Standard 

Tablc 

Figure 9-13 
1 Delel~ l 

tush, or recovery methods depending on the fitting 
method selected. This form is prepared with metric 
units. Modify it if you wish to use another system of 
units. 

The Table form will report the single well test data in 
colwnils with time inter.vals, measured and fitted draw
downs, drawdown differences, purnping rates etc. One 
colurnn will also show whether a point was skipped or 
induded into the fit. 

For ea eh type of réporting, whether for single test or for 
all tested wells, you!Tiay crea te more thanone reporting · 
form. When you create such forms using Report·Form 
Editor from the Tools menu, yo u should save them using 
Save As .. option, and assign an interna! file na me. When 

· the Select Fit Form or Select Table Form optfofi is in
voked, all these forms will be listed for yo u to eh o ose 
from~ 

Yo u may use the option Select Diagram Type to print the 
test data using one of three types, as shown i-n Figure. 
9-12. 

Save Diagram is usééi to save the currently displayed~ 
diagram for printing using the Nonstandard Rcport op-

--~_j'ion. As in other applications, yo u will be prom¡:ited to · ·· 
'i=.:'!JfK · ~ :•: -· -·~·· save th_e graph under a mime, and to decide onthe di a-
~ ~ ~ ' • gram s¡ze. .. --· · 
=-:.~. . . 
:-:--~-'-~- --- ... 

9.8. MAKE RANDOM · . This routffie ~is · explained in more details in Chapter S, 
Section 5.6. The pro.gram will allow yo u to select any one 

9-20 
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· of space distributed numeric parameters available for 
this application, including sorne 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 pá.rameter in data base), saturated 
thiékness of aquifer, etc. You should exercise caution in 
what to contour. Hydrogeological 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 sense to assign differ- · 

- ent zones with distinct values of such parameters, rather 
than smoothly changing 
contour lines impl ying 
changes at every point. 

· The random variable of
fering may look as 
shown in Figure 9-14. 

~ ---- -----.~ --- -·-- --- - _.:._ _;_,:...._: ______ - ·-
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··-

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, direcEly from 
amap. 

9.10. HELP .· .. 

' ...... _ 

Figure 9-14 

.. 
~4i-~~ ~:~:~~---__ --. 

This is context-sensitive on-line help which guides you 
through various options and procedures. 

~~~- .. ~ .. 
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In this example yo u 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,_l965, page 264-266. The author as
sumes that this test is a good example of a nonleaky aqui~ 
fer. The example is as follows: 

Acompletely penetrating wel!-is pumped ata constant 
.rate of 500 gpm. Drawdowns during the pumping pe
riod are measured in an observation welll50 ft from the 
pumped·well, at times varying from 2 min to 6 hr. They 
are recorded in the table below. 

.Time Drawdown Purnping 
Rate 

(rnin) (ft) (gpm 
o o 500 
2 1.2 
3 1.9 
4 2.45 
5 .. 2.9_ 
6 3.35 
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 10.3 
180 10.5 

-- -·-
240 10.65 
360. 10.8 S; :· ·; The proced;rre is as follows . 

9-22 
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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 for ... is displayed click on 
Distance, confirm wfth OK and select feet, then click 

. on lwgPRate, again OK and select gpm, then click on 
Duration and select minutes. Click on Transmissiv
ity and select gpd/ft. Select StandardError 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 Distancé 
field; press TAB. 

S. Notice that the well list contains the wel! number 
DW-1. Click withmouse on DW-1 in the welllist win
dow. 

· · 6. Select Edit, followed by MeasurementsUnits. Click 
________ ·--------- ·e_. -. _ _ on Tiaíe_and seléct minutes. Repeat_the procedure-

- _ --"'"----- ·---'-···- _ -'- _ .e__· _____ (E_git,_M~_¡~surements __ l.J_ni_ts)_and s~lec.t.:Qr_a_~_9...9_\Y:f!. __ · __ e_ 
- - -------- - -~- ---- · ~---- -Click on feet. Repeat once again, select·Pumping-rate 

',;;,.,,_--

9-23. 

and select gpm. 

7. Go once again to Edit and select Edit Attributes to . 
cohfirm that the Confined Aquifer box is crossed (if 
not click inside the box); and that Partial Penetration 
box is empty. · 

8. From EdÜ menu select Edit Measurements. Check 
that the time is in min, drawdown in ft, and pumping 
rateingpm. 

9. Start typing. Type O in Time col'úinn, press TAB, type 
-·- .. O in Drawdown column, press TAB;_type 500 in 

· · · Pun1ping Rate colurnn, press TABhviri!::The cursor.·
should be in first colurnn of the line t\vo. · 

.... 

. .,.., 

.10. Typé"2 in Time colurnn, press TAB; type 1.2 in Draw
down colurnn, press TAB; press TAB hvice to move 
to the line 3. Type 3, press TAB; type 1.9, press TAB; 
press TAB hvice more to move to the·next time in
terval. 
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11. Type 4, press TAB; type 2.45; press TAB three times. 

12. Keep typing until 
the last line, type 360 
in Time column, 
press TAB; type 10.8 
in Drawdown col
uinn. Stop here. The 
screen should dis
play as shown in 
Figure 9-15. Instead 
of pressing TAB 
save the table by 
holding down the 
CTRL key and 
pressing S (for save). 

DW•l 

nme(mln Oeplh lfeel] 
o o 
2 l 2 
3 l ' 4 2 . 4 S 
S 2. ' 
6 3.35 
7 J.GS 
8 4 l 

lO 4 6 
l4 S S 
18 6.15 
24 7 
30 7 7S 

" 8 S 
so ' 60 9 S 
80 lO os 

120 1 o' 3 
180 lO S 
240 lO . 65 
360 1[01) 

..... ~-

o fgpinJ Sklp 
500 

13. You are back in the 
application's main 
menu. Select Dis
play to lookat what · 
you just typed. Se-
lect Log-Lin Dia-. Figure 9-15 
gram. The screen's 
display should look as shown in Figure 9-16 . 

DW-t 

11 

. · .. ·f-+-+'+-H-lffi--1--+-l+H-\l+--1-++l-l++H 
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: Figure 9-16 
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14. Click on Close on the right side to remove the dis-
play. · 

15. Select Fit, followed by Theis Method. Wait un ti! the 
results are displayed. The screen should look as 
shown in Figure 9-17. Notice the results: · 

Figure 9-17 

• Transmissivity = 27,175.74 gpd/ft 

• Storage coefficiént =0.000295 

• -Estima te Error·= 0.6?-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 Re.port and Prinffit. 

18. Check whether this rnay be a leaky aquifer case: First 
remové the diagrarn frorn the display by clicking on 
Close. · . ' 

19. Select Fit followed by Hantush method. Wait until 
Sfl!:.:_~-· -: · .---. the processing is finished and notice the results: 

~-. • Transmissivity: 16,177.67 gpd!ft •• 

• Storage coefficient = 0.00043 

• Leaka.nce = 0.006~61/day 

·---- ------- -------'---~----

•·, .. 
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• Error estima te = 0.14 ft. 

20. Look afthe fit. Select Display, followed by Log-Lin 
Diagrarn. The display is as shown in Figure 9-19. N a
tice that the fit is rnuch better.You do not need to loo k 
at the display. The cornpariso"n of Error estirnates is 
suffident to tell you which rnethod fits better. 

Final! y compare the results frorn the book with these re~ 
·sult~ Transrnissivity in the book is equal to 20,500 
gpd/ ft, storage coefficient is equal to 0.000315. While 
storage coefficients are of about the_sarne orcier of rnag
nitude, the "nonleaky" transrnissivity is overestirnated · 
for about 26%. It appears that the aquifer is less transrnis~. 
si ve, but a portian of purnped w¡;¡ter is .supplied frorn " 
leakage. · · 

~~. -- __ - . 
=·~;:<:!'l- · This ends the exarnple. 
4 ,, - -

?'.~ 
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CHAPTER TEN 

1 O.l.INTlfOtl't!CTION - . 

10.1.1. General 

'· 

HYDROGRAPHS APPLICATION 

Usirig the Hyclrogra phs a pplication from the main menu 
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 levels in absolute elevations 
and depth to water table from a measuring point. 

3. Display measured water leve! data for the whole ora 
selected period of observation. Connect al! water 
leve! points in the data base or select a "connection" 
span, leaving "unconnected" points as random 
points on the hydrograph. 

____ A. Pririt;the results_ in hydrographforms:with general· '·:, __ : __ : -
'--:-'-:-:--=~-:-.::=======::=::'::::=data _on.wells_as_a_header.and-one-Or-morecgrap~hs~=== 

anc:rtocation maps: -· -

_ ..... , 

...... - ~ 

10.2. MAIN MENU 
BAR 

10.2.1. Components 
ofthe 

5. Interpola te· water levels, or depths to water table, for 
any date within the period of observation. Prepare 

- water leve! (or depth to water) data for contouring. 

6. Prepare water leve! (elevation) lines to be display.eg 
on hydrogeolo gical cross sections. 

Hydrograph -. As shown in Figure 10-1, the majar options on the a ppli-
~n>~;- . cation's menu bar are the following: 

-~~ • Data 
• W.Levels (abbreviated Water Levels) 
• Display 

10-1 

--~.- --~-·--------- -- ----
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Q.ata ~- levels Oi,¡phry Be pon Makc Bándom Load Map Jnlc:rpolation Jjelp 
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Figure 10-1 

• Report 
• Make Random 
• Load Map 
• Interpolation 
• Help 

_Ea eh of these options, except options Make Random and 
Load Map, is explained in detail in this Chapter. Make 
Random is discussed in Chapter S, Section 5.6; Load 
Map is discussed in ChaptefS, Section 5.3.2. · 

When the Hydrograph application is selected the dis
play window consists of three main parts: · 

· • Menu bar on the top. 
• List of wells on the left curren ti y 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 level 
records in the data base . 

... .. . •. 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 observa:
tion/monitoring welis, the left window will be empty, 
and the number of wells will be zero. This is the case as 
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shown in Figure 10-1. Figure 10-2 displays a case with 
many wells airead y in the data base. 

t4f&$$#e '%\ii e: 
· · ~o-:•i~';¡¡"¡¡¡'"¡¡¡¡"'•~¡! )"·'~~-.~~,.~=~.:~~--::n·::~-¡~~\~;/~.;,~~,~:n-~~-.~•.;t~-~"'~¡~i~n~~~,,é.J~~.,~:G·~-·~~--n'~.e~;;ra~e.t~'·o·~-\a'~'.t'~.--~~.-:.~:-~~ ,;.·~\,~-~-"'::~~~:T~~~~ .. ~-~\{ lgl¡ · i'~'·· '··F;~~;,;;·-- ............ ~. -.•.•.yc•. '·':'': 
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Figure 10-2 

-:-j~::::-c=-:-"==~c=:====~in'::-:;-th~e~E':n~tr}r Foim as shownin Figure_l'o)~~nd_fo_;z_y:o.u -- · 
- ·may type the-input"into-all·onelected~fields:-Tne-only; -

10.3.1. 
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field specific to this application is 'Aquifer'. All other 
fields are copied from the.Master data structure and 
Ma.ster ·data application. However, yo u may decide .lo 

- -type·coordinates and elevations in·this entry forín and 

.· .. 

· not in the entry form of the · 
Master .data a pplica hon: lt is 

· up to yo u to decide .which ap~. 
~plication to use for informa !ion 
that is "exchanged" be.tween ctrt·D 

a pplications. · 

·.· 
The Data menu is shown in 
ure 10-3. The following options 
are available: 

.. .., 

General 0~1~:~ Y.nits 
~orlting Time lntei'Vtll 

Standzud ASCII !npul 
Standard ASCII Qulpul 

Figure 10-3 

... ,,,, __ ._·_ 
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1 0.3.2. Select Working 
Set 

1 0.3.3. Del etc Record 

10.3.4. Select Entry 
Form 

CHAPTERlO HYDROGRAPHS 

• Select Working Se t. 
• Delete Record. 
• Select Entry Form. 
• General Data Units. 
• Working Time Interval. 
• Standard ASCII Input. 
• Standard ASCII Output. 
• Print Setup. 
• Exit. 

Yo u use Select Working Set option in the same manner 
as in any other application. Its use is explained in Chap
ter 5, Section 5.3. Its purpose is to reduce a large set with 

. many wells to a smaller set of wells which may be se
lected for w hichever reason. 

To delete a record you will 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 CTRL key and 
press O key. . ... 

4. A warning will be clisplayed giving you a chance to 
reconsider. 

Yo u may use the default formas displayed in Figure 10-
1, or any form that you may have created following the 
steps explained in Chapter 3. To change the form: 

¿S:~- · >-- l. Select Data on the applicatim:t's menu bar. 

-.,-;:~_:2 2. Click on Select Entry Form. 

10-4 
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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 O K. 

In the Hydrographs 
application it may 

Standard 

HYDROGRAPHS 

.••. O!l • 1 

1 concd 1 

1 Dolcte 1 

be desirable to de- Figure 10-4 
sign another entry 
form with informa-
tion other than in the standard form. For example, you 
may wish to identify a well either as an observaban, 
monitoring or production well. This information may be 
kept in the Master data application or in the Hy
drographs application. You may use this inforní.ation to 

. ' 

-----'---__ :-"_c.:..-_--~------__ - -.,.._ -----~--_:select.a_w:orking set.or_to~ili?play_oñé:type.oj:W"e_ll~onto=~-"'--_,.~
location-rn:ap~ Yo1rmay think-of oilie"rpiecés ófinforma- · 

1 0.3.5. General Data 
Units·· 

10-5 

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 U ni ts displays 
a dialogue box such 
as shown in Ffgure 
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 parameters are coordina tes 
and ground surface and measuring point elevations . 

The option Working Time 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 detail in a shorter period, and in 
reporting data for the period of interest. For example, if 
you are going to use the data base for making a mathe
matical model of an area, your interest may be in G cer
tain period of time in which you wish to calibra te your 
model. · 

For exampl~,if you decide to display and print hy
drographs within the period from 1 January 1984 
through 31 December 1988, you should proceed as fol
lows: 

l. Select Working Time Interval from the Data menu. 
The display prompts you to input the starting year1 

month and day. Type 1984, press tab, type 1, press 
TAB, type 1, press TAB. Press TAB twice more to skip 
hour and minute. The screen should look as shown 
in Figure 10-6. . ... 

Ycor 11984 · Mnnth EJ Doy EJ 
HourEJ MinCJ 

Figure! O~ 

2. When the dialogue box titled 'Working Time lnterval 
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 loo k as shown in Figure 10-7. 

Ycur IP 968 Month !:!:I:J Day ~ 

HourD Mi''D 
. 01(. 1 [ C;aua:J-

Figure 10-7 

3. Click on OK to clase this dialogue. The whóle data set 
is now reduced to the selected time interval. · 

él0.3.7. · Standard-AS.CII · Yo u may sáve the wli.ole·data·base, all thewells, in oné: 
--'-.,....:.---Input ASGII-data-file,.In·the·version+O;-the~input·format·was.~• ------'

made compatible with output format of the UN/GW 

. , 

...... _ 

. . . 

10-7 

soft],Vare. In the version 1.1, that "compatibility" was 
abandoned in favour of a more "frieridly" forma t. -·. 

· T·h~ ASCII input forrnat is explained in Appeitdix·D. 
However, if you are in doubt what is the proper forrnat; 
yo u should crea te one example and save it using the op
t ion Standard ASCII 
Output. Once saved the 
file can be examined 
and the format noted. '""'m" ..,lml=-· -----'1 CE] 
When the option Stand-. "'"d'" c.,owo 
ard ASCII Input is in
voked, the dialogue box 

· · will open as shown in 
Figure 10-8. The pro., ... 

. gram assumes the 

Figure 10-8 
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standard extension for suchfiles .hyd, but yo u may over
ride this and type any wildcard combination in the file
name field. 

Standard ASCII. This option is used to save the data base containing 
Output 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-creatc it 
by reading this file as a 
standard ASCII input. 
'vVhen this command is 
invoked, the dialogue 
box will open as shown 
in Figure 10-9. The pro
gram assumes the 

Alenamc: lgusrim hy~ 

Dircctory; C:\GWD 

Files: Dlrcc1oric3: 

Figure 10-9 

standard extension for si eh files .hyd, but yo u may over
ride this and type any wildcard combination in the file
name fiel d. The extensions are for yout convenience. . ... . 

,., ... 

.. 1 0.3.9. Print Setup The Print Setup option is explained in Chapter 5, Section 

10.4. WATER 
LEVELS 

5.4. . 

10.4.1. Edit Water Edit Water Leve! Data is the first option on the W.Levels 

10-8 

L~Jl!!!" · :· -· ., menu, as shown in Figure 10-10. 
~~~~- ~-
-g~~ · · When yo u 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 yo u for input. .You en

. ter or edit data using the TAB key, ENTER, or mouse. 

.-
... ·.,..... 
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SI_ 

Figure 10-10 

Yo u rnay dele te a row in the editing ·table by holding 
down the CTRL key and sirnultaneously pressing D. You 
rnay_insert a row by holding down the CTRL key and 
sirnultaneously pressing L You may save the data by 
holding,down the CTRL key and pressing S. You rnay 
:quit or exifwithout savmg'the_data by holding down-the'. 

-. -- -CTRL key and· pressingX- - · . 

10.4.2. Sclecting Levels · 

10-9 

or Depth tO: ----- :.. _______ ~- -. 
-Water Leve! - By clicki.Í~g on Depth Data on the W.Levels rnenu you· 

-~~-- "E 

decide to type in the values of depths to water table frorn 
a rneasuring p0int. The editing table i¡;¡ this case rnay 
look as shown in Figure 10-11. Conversely, by selecting 

... .. ... El Frio -
éYear DI!Y Morith • hh:rrinl . Depth [ml · + 
1984 1 1 11.24 
1'384 1 2 12.77 ~·· 

... 

1984 1 4 12.42 
¡:¡; 1984 1 5 '12. 7 

1984 1 6 12.93 " 

1984 - . 1 7 13 < '• 

Figure 10-11 
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Level Units 
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Leve! Data you will be prornpted to type water levels in 
absolute elevations above mean sea leve!. The editing ta
ble in this case rnay look as shown in Figure 10-12. 

El Frio -
Ye8r •o<íy Month; ·litl:mm Level[ml .-te 
1984 1 1 72.07 

,:;.::·:: 1984 1 2 70.54 
1984 1 4 70.89 ,. 
1984 1 S 70.61 :/' 
1984 1 6 70.38 

,,. 

1984 1 7 70.31 
F1gure /0-12 

Although you rnay have selected rneters as a basic unit 
of length· (that is of depth 
and/ or elevation), you rnay 
override the default by us
ing the option Depth!Level 
Un i t s o n t h e W.Levels 
rnenu. The display rnay 
loo k as shown in Figure 10-
13 offering a list with al! 
possible length units as 
read frorn the GWW.UNT 
file or an~thef file created 
by you for your data base. 

. 

Figure 10-13 

When you select the Display option on· the menu bar, a 
portian of the hydrograph for the curren ti y selected well 
will be displayed within the specified-time interval using 

~-:=_~,..~-'=--~-,~-~--~.-- > .. ; :~~~~~~::~~:~~= ~~~~7.alJ~~~t~r~T~ab~ :~ 
. --·- nected since the default connecting interval is very large, 

,...;,;¡•., 

365 days. · 

10-10 . 
....... -
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. ·cm& .. 
Zoúmb 

2o0ratlu'! 

R.'NI:ld' 

When yo u select the Report:option -frorn_ the rnenucbar c----=-'---
the display looks as -. -___ ~--~<; ----_::ce_-_ 

------=~=,..,:,==--==-=~-=~~-.sn:own inFigure·ro=-1s: - ----- - --

<v. 

'-· . .(:-. 

· ..... -

10-11 

~·· ., ... 

As in other applications, 
if yo u select printing op- -
tió"ns in the upper part of 
the subrnenu the pro
grarn uses standard re
porting forrns. 

The difference between 
Print Hydrograph and 
Print General Data Ta--

S ove Hydrograph Drawing 
Print Nonstandord Form 

Select Hydrograph Form _ 
Select Table Form 

Figure 10-15 

ble is as follows. Print Hydrograph prints one hy-
drograph for a single ~ell: There will be a header with 
identifica tion d¡lta, followed by the gra ph. [Yo u m ay_ 

-"'=* ,.....,.- _ . ., __ --,_place a loation rnap on the sarne reporting forrn. For thls 
· ,->;--;f~ - , . yo u need to (a) qeate such a: rnap using the Map appli
-~~- -éation:·(b) rnodify the standard reporting forrn or crea te 

another forrn which will ha ve .a drawing field with the 
naine of the rnap.] 

-' 
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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, coordinates, 
and eleva tions. 

Using the lo\vermost two options will permit you to 
override the standard reporting forms and select an al· 
ternative form. An example 

1 

. 
is shown in Figure 10-16 for 
the hydrograph form. The re- · ~~:~~~;~m'"" ~ 
porting forms created in the - Figure 10-16 ~~~c-
GWW.OOO template, which 
are at your disposal without mod.ifications, are Measure
ments and Standard. The Standard· reporting form 
places a header with general data on a well on the form, 
followed by the hydrographdrawing field filling the rest 
óf the form. The measúrements reporting form uses the 
same header, but instead of the drawing field it presents 
a table with field measurernents 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, yo u ma y crea te mqre than one reporting 
forrn. When you create such fcirms using Report Form 
Editor frorn the Tools rnenu, yo u should save thern using 
Save As .. option, and assign an interna! file na me. When 
the Select Hydrograph Form or Select Table Form op· 
tion is invoked, all these forrns will be listed for you to 
choose frorn. 

··-
S ave Hydrograph Drawing is used to save the curren ti y 
d.isplayed hydrograph for printing using the Print Non· 

-standard Form option. As in other applications, yo u will 
. be prornpted to save the graph under a name, and to de
cide on the diagrarn size. · 

. This routine is explained in more detail in Chapter 5, Sec
tion 5.6. The prograrn will allow yo u to select any one of 
space distributed nurnerk pararneters available for this 
application, induding sorne that rnay ha ve no meaning 
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for contouring (for example the elevation of the measur
ing point). This routine is used mainiy to create a loca
tion map showing only wells w hich make the water leve! 
data base, 6r wells which ha ve a more or less continuous -

_. · · ·water leve! measurement record. 

10.8. LOAD MAP 

This option is explained in detail 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. 

10.9. INTERPOLATION 

10.9.1. Connection. 
Intcrval 

10-13 

This is one of very importan! options in the hydrograph 
application. It perrnits you to create a contour map for 
any date within the time interval for which you have 
data. It also perrnits you to dedde on the spannir}g time 

. _ interval in which you wish - · 
--·tohave 

a hydrograph conne 
The submenu of the Inter
polation option is shown in 
Figure 10-17. 

-.---
Figure 10-17 

Whef(you select Set Connection S pan the display will 
prompt you to replace the defa).llt, which is 366.00 
(days); with an
other interval. The 
display is as shown 
in Figure 10-18. For _ 
exainple, selecting .. 

··· 31 days, which im
- plies tha t only 

neighboring points 
observed in less 
than 31 day inter.-. 
vals, will be con-

Figure'J0-18 

-----

... ¡· 

.~ .. 
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nected with a solid line. If the span between two neigh
boring points is greater than 31 days, they will be dis
played as scattered points, as shown in Figure 10-19. 

...... P.l 84 

-Cose-=--
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Figure 10-19 

10.9.2. lnterpolation 
Date 

Using this option 
you can create a 

10-14 

-·. _,' 

·· · data set ready for 
contouring a t a cer
tain date. You are 
prompted for ·the 
date as shown in 
Figure 10-20. The 
option incor po
rates the make ran
dom option from 

Month EJ Oay E] .,. , 

-_._Hour.O 

Figure 10-20 

other applications and seta specific date for which you 
=--:- · > --···wish to crea te the contour map.Depending on your type 

. -~ · of data, depth to water or water levels in absolute eleva-
·%=-i1>~ 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 ene 
contour map of 
water levels. You 
need to select the · 
option 
Depth/Level at 
Date severa! times 
assigning each 
time another date 
and labeling the 
random models to 
be crea ted wi th 
different names . 

HYDROGRAPHS 

IPY11terOeplh 

CHGr11IS 
CHStill ¡,! .. OK 

Ch<m;•Oy 1- ['.""-'-• .1 Chcmi~(!YPPM l'J: . _ .....--=o _ 
EntryForm.Chemistry.SI.t~ndard :_~ 
EntryFonn.GrainSizcCurvc.SIII -~ 
EntryForm.Hydrogrllphs.Stand \~
Entryform.Lilhology.Standllrd ::: 
EntryForm.MostcrData.Standa 1; 
EntrvFonn.PumnTc:;ts.Par1i111P 4-

Figure 10-21 

. Examples could be Leve!_july _84, Depth_Sep_87, etc. 
Yo u should follow the convention that interna! fie na mes 
may be long but continuous. You may use points or un
derscores 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. EXA.t\1PLE¡ 

10-15 

.- . 

In this example you will crea!,í!_a water leve! 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 

Rio Guarico. 
• Coordinates: X=629000, Y=942000 
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• Ground Surface Elevation: 2=85.50 m 
• Measuring Point Elevation: 86.20 m 
• Measurements: 

-
--==-==-~q_::.-. -· 

.,._ -

Time Depth to water 

1/1/9112.5 

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 /12/91 13.9 

8 /28/91 13.3 

9 /16/91 12.9 

10/14/91 12.6 .-r.-

11/11/91 12.3 
··' 

12/06/91 . 12.1 

12/28/91 11.8 

- ...... ... ,._ 

The procedure is as follows . 

. L. Select Applications on the main menu bar of the 
GVv1Y¡Jackage. . · ·· 

2. Select Hydrographs. The display is as shown in Fig- . 
ure 10-1. · · ... ·-· .. 

10-16 
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3. Type in Well Ident field 'SRRG-22'. Press TAB. 

4. Type in Description field 'Observation well in Irriga
tion Systern of Rio Guarico'. Press TAB. 

5. Type 629000 in the Easting field, press TAB. Type 
942000 in the Northing fiel d. Press TAB. 

6. Type 85.50 in the Ground Surface Elevation field. 
Press TAB. 

7. Type Quaternary in the Aquifer field. Press TAB.Type 
86.20 in theMeasuring 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 colurnn 
is labeled as Depth [m]. 

11. Type 1991 in the Year column, press TAB, type 1, press 
. _ ~-- ____ · - -TAB," type 1 pressTAB twice. You should be in the-
-,.-----~-------~-oepth·column-:-T}'Re·12SPressTAKY~:"n"'"o""'.\-V'"'·o'"n====== 

---:-:-·The seco na line. 

·,. 

l0-17 

12. The prograrn re pea ts the last year and rnonth. Accept 
the year-as 1991; press TAB to rnove to the day col
urnn. Type 20, press TAB; press TAB again to confirrn 
the month asJanuary; press TAB again to rnove to the 
depth colurnn. 
Typel3.1 and press 
TAB.· . 

_13. Keep typing until 
the last line: 1991 in 
the Year column, 28 
in the Da y column, 
12 in the rnonth 
column, 11.8 in t:m 

._. depth colurnn. The 
.. display should 

look as shown in 
Figme-·10-22. 

Year 
1991 
19'31 
1991 
1991 
1991 
1991 
!991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 

-oo;. 
l 

20 
19 
15 
29 
16 
1< 
12 
28 
16 
14 
11 

6 
28 

SRRG-12 · 

M.oth hll:riii-o DO!llh tml · 
1 12.5 
1 13 1 
2 13 6 
3 13 9 ,--

• " 2 
S 14 7 

6 1< 3 
7 13 9 
8 13 3 
9 12 9 

. 1 o 12.6 
11 12 3 
12 12. 1 
12 11 8 

. . 

Figure 1 0·22 
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_ H. Hold down the CTRL key and press S to save the 
data. 

15. Select Interpolation, select Conncction Span. Type 
. . . . 30 and select OK. 

16. Select Display. The display should loo k as shown in 
Figure 10-23. If the display shows only a coordina te 
system, ora fran:e of a graph but without points and 

..... SRRG-22 

C.~l1 [m) ...... ~) :.:oo:~a 

" €C0ñt1n_ 

lo:orilOUI. .. :RIWn.d' 

" !/ 
/ 

/ 

/ m 

" / 

' 
"- n• 

" 1'- V 

' / 
\/ ,. 

" ' ' ' 
, 

e 1~1 " . " " 

Figure 10-23 

lines, yo u should check which working time i.nterval 
is currently selected. (Go to Data, and select Working 
Time Interval.) 

17. Select Close. 

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_15_Dec_91. 

· 20. Select W.Levels. Select Edit W.Level Data. Notice 
that the last colum.n is labeled as depth [m]. Select 
W.Levels again. Select Levei Data to replace depth 
with leve!. Notice that the last colum.n is labeled as 
Leve! [m] and that the data in_ this colum.n are no 
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longer 12.5, 13.1, 13.6, ... , 11.8, but con verted to water 
levels in absolute elevations: 73.7, 73.1, ... , 74.4. 

21. Hold down the CTRL key and press X to exit without _ 
saving (you have not rnade any change!) . 

. 22. Select Interpolation. Select Depth/Level at Date. 
Type 1991, 6, 1 (1 June 1991). SelectO K. 

23. Save the randorn rnodel of water levels on 1 June 1991 
under the narne Level_1_june_91. 

Using the application Mapping you will create contour 
rnaps of depths on 15 Decernber 1991 and levels on 1 

'· June 1991 for this exarnplc. 

Exit the applicahon by selecting Data, and Exit. 

.¡r;J.·•~-> ·_ 

10-19 
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CHAPTER ELEVEN STEP DRAWDOWN TEST 

----- ------==...:=;::-.._.,;,¡-____ _ 

II.l 

INTRODUCTION 

11.1.1. General The objective of running a step drawdown test is to ob
tain information about the performance and effidency of 
the well being pumped. The data taken under controlled 
conclitions give a measure of the productive capadty of 
_the completed well and provide data on which the selec
tion of the pumping equipment can be based. The Step 
Drawdown application is a utility in the GWW package 
rather than a data base application. 

____________ - -_-_-_-_-__ --::Sine!:! tlüs.i.s.a.testofthe prodücti.vity~of-a-well, itis oTten-
-called a.w~ll-production te~t.c"!"hi_s i? a variable~rate well---

. ~- .-. -

-·-production-test~A-well is-pumped ata constant rate for 
a certain period of time (normally between one and 24 
hours) and the drawdown is recorded at the end of the 
pumpingstep. The pumping rate is then changed, nor~ 
mally increased;·and the well is pump_ed f~r the same 
period of tinle. The water leve! is then measured and the-

- .. drawdow~ calculated. The same procedure is repeated 
with different pumping rates one or more times (mini-
mum 3 steps): It is understood that ea eh step must be of 
the same duration asthe others. ··-· ·-

Using the Step_ Drawdown Test application from the 
-main menu of the GWW software, yo u may do the fol
lowing: 

l. Crea te a data base containing information about step 
drawdown test results and effidency of drilled wells. 

2. Display and print step drawdown test results show
ing two components of the total drawdown: aquifer 
loss and wellloss. 
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11.2. 1\-lAIN MENU 
BAR 

11.2.1. Components of 
the Step 
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 
arate about 20% higher than in the test. 

As shown in Figure 11-1, the majar options on the appli
cation's rnenu bar are the following: 

Qata ];di! Bt Oi.:;play Bcport Mokc Bandom Load Map jjclp 

Wcllldcnt Wellldent 
1 Oescription 

1 

lA ¡s 1 p 

,., 

Figure 11-1 

• Data 

• Edit 

• Fit 
'• 

• Display 

• Report 

• Make Randorn 

• Load~ap ' ?· 

• Help -~. -· ... 
. -~· 

-~-~-~-~- · --, -·-'.·,Ea eh of these options, except options Make Randa m and 
..,-.r~·- Load Map,is explained in detall in this Chapter. Make 

11-2 

• .... · ;;cc-:0'3:-7~· · Random is discussed in,;.Chapter 5, Section 5.6; Load 
Map is discussed in Chapter 5, Section 5.3.2. 

'. ·--
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When the Step Drawdown Test application is selected, 
the display window is cornposed of three rnain parts: 

• Menu bar on the top. 
• List of wells on the left currently cornprising the 

working set, with two munbers at the top referring to 
the total nurnber of wells with step drawdown tests 
in the data base and the nurnber of such wells in the 
current working set. . . . .. 

• Entry forrn with inforrnation on the first well on the 
list oran ernpty forrn for a new data base. 

If you are creating a new data base with production or 
test wells, the left window ~vil! be ernpty, and the nurn
ber of wells will be zero. This is the case as shown in 
Figure 11-1. 

_ .. ,' 
11.2.2.Entry Form In the Entry Forrn asshownin Figure ll-1 yo u rnayinput 

__:_:_-=::_:::::::_...:.:_.=_=:=::::=::==:==:=__=~= -data into two-fields:"WeJl· Ident·and"Déscri ¡J~tlc-:. o,._n"-:-__.Al~!-_-~----
.. · other fields are used to rej)Ort results. The coefficients A-· 

________ ~-=--.:::=-- and Bare_tf\e_coefficients úse-d.to.fit.thedrawdown and;_-

11.3. DATA 

11.3.1. Options on the · 
Data Menu 

H-3 

purnping rate eqÜation (see 11.5). 

The Data menu is shown in Figure 11-2. The following 
options are available: 

• Select Working Set. 
• Delete Record. 

• Select Entry Form. 
• General Data Units. 

. •_ Print Setup. 
• Exit. 

.,. 

e 

Oclete Record Ctrl-0 

.§.clcd_Entry Form 

General Data Y.nits-

Figure 11-2 



11.3.2. Select Working 
Set 

--------

CHAJYfER 11 STEP DRAWDOWN TEST 

Yo u use the Select Working Set option in the saroe roan
ner as in any other applicatión. Its use is explained in 
Chapter 5, Section 5.3. Its purpose is to reduce a large set 
with roany wells to a smaller set of wells which may be 

-~-,.....~----- · · · selected for any reason. 

11.3.3. Delete Record 

11.3.4. Select Entry 
Form 

-5~~6------~:-: ·-: 
~--r~·-

-;-~~":. --¿g;-.· . 

To delete a record you will do the following: 

l. With the mouse cursor, select the well you wish to 
delete. 

2. Select Data on the app!ication's roenu 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 roa y use the default forro as displayed in Figure 11-
1, or any forro that you roa y have created following the 
steps explained in Chapter 3. To change the forro: 

l. Select Data on the application's roenu bar. 

2. Click on Select Entry Form. 

3, Seled the forro narne from thé list displayed in the 
dialogue box. · · · 

4. Cliék on Oi<. 

In the step drawdown test application yo u roa y think of 
typing and storing agditional information such as 
pumping equipment, date of test, use of well, roainte
nance inforroation, etc., if yo u ha ve not entered this into 
the Master éiata entry forro. • 

11.3.5. General Data Whe11 acti.:ated, th~ option General Data Units displays 
Units a dialogue box such as· shown in Figure 10-5. In the 

• · GWW data base teroplate, which is used in the exarople 

11-4 e 



11.3.6. Print Setup 

11.4. 

EDIT DATA MENU 

11.4.1. Edit Data 
Submenu 

CHAPTER 11 STEP DRAWDOWN TEST 

shown in Figure 10-5, the onl yspace-distributed nurneri
cal pararneters are coordinates and ground surface and 
rneasuring point elevations. This inforrnation is taken 
frorn the Master Data application. 

The Print Setup option is explained in Chapter 5, Section 
5.4. 

Befare you can create a data set or edit data you rnust 
type in the well identifica !ion nurnber (Well Ident), and 
its description. If this is airead y a well which has been 
entered into the GWW systern frorn another a¡Jplicatio!l, __ 

__ -_-_-_-_-----------=------=-_ilie~élescriphon_fiela~s11~lili:Lbe-aU.tornatfcilily-filled-in-_-----
with inforrnation typed elsewhere.-In-thatcase-the only:-

11-5 

-_ -· entry -necessar-y is the-well identifica !ion: The display". 
then looks as shown in Figure 11-3. The well is used in 
the Purnping test application and is airead y in the GWW 
systern. 

_Qata fdit fit Di§.play Beport Make Bando m Load M•P 

Wellldent 

PT-1 

- ·-.' 

Wellldent 

PT-1 

A 

Figure 11-3 

Descnpt1~.~ 
Todd' s ba.ok. pa~ 

B / 
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11.4.2. Measurements 
Units 

CHAPTER 11 STEP DRAWDOWN TEST 

_ Only when you select Edit Data and open the data table 
with two colurnns, drawdown and pumping rate, will . 
you be able to use other options on the edit data rnenu. 
These options are shown in Figure 11-4 and are used for 

· editing the table (inserting or deleting rows) and saving 
data. 

You rna y select units other than the default for draw
downs and puni.ping rates. To change the unit for draw
down frorn m to ft: 

l. Select Ed it. 

2. Select Measureinents Units. The display is as shown 
in Figure 11-4. 

lnsert Row 
Delete Row 

.S.ave Measurements· Ctri-S 
E<Sit(don't save] 

Figure 11-4 · · 

B 

3. Select Drawdown. The dialogue box lists all units for 
length that are contairíed in the GWW.UNT file or · 
tjlat ha ve been created by you for this partiq;.l:ar data 
base. 

4. Click qn feet <!nd select O K. 

~----"-:·--·--_-----

11.4.3. E~ata . When you select Edit Data a two-colurnn table will be 
displayed with the cursor in the first row of ili~· draw~ 
down colurnn. Check the units displayed for the draw
down and purnping rate. Type the drawdowns and 

11-6 
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corresponding purnping rates. For the fitting algorithrn 
to work correctly you are expected to type drawdowns 
in increasing order, with the ·difference between draw-
downsbeing progressively larger for equal rnultiples of 

· ·. the purnping rate. In other words, if yo u ha ve tested the 
. well at rates 1000,2000 and 3000 m3! da y, thé correct val

ues of drawdown:s would be 1.00, 2.10, and 3.40. It would 
not be correct to ha ve the drawdown values such as 1.00, 
1.90, 2.4. The reason is that the spedfic capacity of the 
well, which is defined as its purnping rate or yield per 
unit of drawdown, IJlUSt be decreasing with an increased 
purnping rate. In the "correct" case the spedfic capacities 
are 1000,952,882 rn3/day/rn; while in the second case 
the sequence is 1000,1053,1250 rn3/day/rn. In the sec
ond case when yo u select one of fitting rnethods, the pro
grarn will display an error rnessage "Unable to fit. Check 
your data." 

Yo u rnust not press TAB at the end of data entry. If the 
~ _ ~ _____ . __ ~- ___ -~ ~ fifth step--ª-s~shQwn~iri_Eiglli_e_11:5 __ w as_the_final_test_step __ _ 
~--='=~~c=c===~-=--o-----c.c-o_.,_~-~< drawdown-6-r;-purnping= 

--~'-_--___.--r,_,.ate~ 5_Q_ 0_0_-_rn j~d a }');:.th e::-_ 
cursor rnust rernain after 
the nurnber 5000. Yo u will 
save data by either select
ing Edit and clicking on 
Save riteásurernents or by 
holding down the CTRL 
key and pressing S. 

- --
- -

PT-1 
.. 

--~-- -

11-7 

- -- ------

Orawdol!ln ¡m] P!imping Rale' 
1 1000 

2.1 2000 
3 3 3000 
4.6 4000 _, 

6 5000 

Figure 11-5 

If you do press TAB at the end of data entry and the new 
line is opened, you rnust delete this line by holding the 
CTRL key and pressif\g D. After that yo u should save·the 
data in one of two ways as explained above: 

According to classical theory, the total· drawdown in a 
production well has two major cornponents: the draw- · 
down sa (aquifer loss) due to laminar flow of water 

,, "1 

--

...-.. 
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through the aquifer toward the well and sw (well loss) 
dueto the turbulent flow of water through the screen or 
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 aquifer or the build-up due 
to recharge boundaries of the aquifer, are normally con
tained within the aquifer loss. 

According to Jacob ("Radial Flow in a Leaky Artesian Aqui
fer," Trans.Arn.Geophys.Union, vol.27,no.2, 1946), well 
loss may be represented approxirnately by the following 
equation: 

Sw = BQ2 

where 

Sw = w.ellloss, [L] 

B = well-loss constant, [T2 /L5] 

Q = discharge, [L3 /T]. 

Aquifer loss, Sa, is linear! y proportional to the pumping 
rate, i.e. 

Sa=AQ 

Thus, the equation oftotalloss during pwnping may be 
written as 

s =AQ+"BQ2. 

The coeffiaent A has dimensions of TL -Z. · 

The second theory, presented by,· among others Rora
baugh ("Graphical and theoretii:al analysis of step-drawdown 

.. test of artesian well, ~· Proc.Arn.Soc.Civ.Eng. 79, separa te 
·~ Ii.o.362, 23 pp, 1953) and Karanjac ("Well Losses due toRe

duced Permeability around Well S creen," Ground Water, 
vol.lO, 1972) demonstrate that the wellloss is not neces
sarily proportional to the second power of pwnping rate. 
In other words, welllosses may be significant although 

,,• r 



11-9 

----------
·==-=--~..;;¡;- __ . __ 

11.6. 

DISPLAY 
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turbulence may not ha ve developed! The basic formula 
for well drawdown is 

s=AQ+ BQn 

This is a more general case, of which n=2 is an approxi
mation. Accorcling to Rorabaugh, n varies accorcling to 
the aquifer and well situation from less than 2 to 3.5. Val
ues of n less than 2 may occur if Q isrelatively low and 
full turbulence has not yet developed in the entire well
entry flow. For very low values of Q, the flow may even 
be laminar throughout the system, in which case the well 
loss coefficient wil! 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 coefficients. A and B, 
and writes them into the entry form. The field 'p' will be 

Figure 11-6 

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 yo u select the Display option on the m en u bar, the 
screenmay look as shown in Figure 11·7. The upper line 

_ : -. _-., _ _.._.,'defines the aquiferloss, and the lower line defines the 
~4 · '_ total well drawdown. The spacE; under the first line and 
~.;;;:!~-: · ·the absc;i.ssajs the aquifer loss, and the space between the 

hvo lines is the wellloss. On the screen yo u may assign 
clifferent colors to ea eh of these two areas to emphasize 
either of the well drawdown components. 

" ........ , .. 

. . .. 
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Figure 11-7 

The table under the graph reports the measured data 
(well drawdowns and purnping rates) and each draw
down component from the fit: aquifer loss and wellloss. 
The last line reports well efficiency for each purnping 
step and for a hypothetic step which assurnes 20% higher 
purnping than the last rate. 

The average well efficiency taken asan arithrnetic aver
age foral! pumplng 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 select the Report option 
from the menu bar, the display looks. 
as shown in Figure 11-8. As in other 
applications, you rnay use the stand- . 

Figure 11-8 
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ard reporting form ( option 
Print) or you may select an
other reporting form (Select 
Form). In the latter case, a clia-

.· · · ·logue box will open suggest
ing the names of all available 
reporting fqrms. In Figure 11-
9 only the standard form is 
available, a·nd there is no dif
ference between the two 
printing options you may se
lec!. 

STEP DRAWDOWN TEST 

Figure 11-9 

Save Diagram is used to save the currently displayed 
- step-drawdo·~vn graph for printing using the Print Non

standard Report option. 

11.8. 

-, MAKE R.:ANDOM . " ' 

11-ll 

This routineis explained in more detail inChapter S, Sec
tion 5.6. The program will allow yo u to select any one of 

· the space distributed numeric parameters available for 
this application, inclucling sorne that may ha ve no mean-
ing for contouring ( e.g. eleva- · Random M di. variable 

tion of the measuring point). A 

··In this application, the list of 8 
p 

numeric parameters tha t Eflicicncy 

may be contoured may look ~ 
as shown in Figure 11-10, al- z 
though it is questionable ZM 

whether most of these will 
ha ve a meaning. The two pa- Figure 11-10 

. rameters that may·be used 

ft.~ -., ... ·. ~=a~;~~:c~~~~e ;~;~:~;~~~~~~e~t~::~:~~!~ 
drawdown tests, and Effidency, to show different well 
efficiencies. You may also add a parameter such as spe
cific capacity of wells to your reporting form, by manu-

... 
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11.9. LOAD MAP 

11.10. HELP 

11.11. EXAMPLE 

~1 
~1 . 

11-12 

CHAPTERll STEP DRAWDOWN TEST 

al! y entering the value obtained from the test and by con
touring or displaying this parameter. 

This option is explained in detall in Chapter S, subsec
tion 5.3.2. 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 /dav) 
1000 2000 4000 

Draw- . 
down lm) 

4.56 ·10.74 29.48 

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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3. In the Well Ident field type SDT-1. Press TAB. 

4. In the Description field type Bouwer, 1978, Fig. 4.13. 
PressTAB. 

::>. Press PgDown !:\vice. 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 purnp:f;g rate. If units are not meter 
for drawdown and m /day for purnping rate select 
Edit again and then Measurements Units. Select the 
one you 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 purnping rate; press TAB. _ 

8. Type 10.74 for second drawdown, press TAB; type 
2000 for second purnping rate; press TAB. · 

9. Type 29.48 for third drawdown, press TAB; type 3000 
-~~-e:-_~-~~::=:.=-='=:::-:-=:=~~~~~-for::first~purn Bing:_~ te:-I?o not pr~ss-JAB:-J:he displa y---'-c--~-

is as snowñ-inFigure-11~11. Hold down the CJRL key-

~: ~ .. ' 

11-13 

and press Sto save the data. · 

SDT-1 

DrawdliWn [mi Ptltnpillg Ratc Jin3/day! •1' 
4.56 1000 !')"; 

10.74 2000 I/ 
29.48 30001 :z;; 

. )' .. 

. ·,¡;: . -
. 

-.. 
Figure 11-11 

lQ.Select Fit and first try the classical Jacob's equation .. 
Select Quadratic. The results are imrned.iately writ

-ten into the entry form. 

A =0.0035 
B = 9.8xl0-7 

p = 2.00 
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Efficiency (average) =57%. 

11. Select Display. The display willlook as shown in Fig
ure 11-12. 

..,. SDT-1 
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12. Try now the second, more general, method. Select Fit, 
follo~ed by General equation. 

13. To view the results you must first remoye the graph 
from the screen. Select Clase. N atice that: 

A~0.004 

B = 6.8x10-8 
p = 2.31 

Efficiency (average)= 66%. 

You may compare efficiencies and aquifer loss coeffi-
cient A, but you cannot compare the wellloss coeffi

:.: -=~=;r· .·-,·~-, ·~ · · ·cients B since they ha ve _different dirnensions. 
~~--

.:;::-~ · 14. Select Display. The display willlook as shown in Fig-
ure 11-13. 
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Exit the application by se!ecting Data, and Exit. 
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CHAPTER TWELVE GRAIN SIZE CURVE 

-- 12.1.. 
INTRODUCTION 

12.1.1. General 

12.2. MAIN MENU 
BAR 

· 12.2.1. components of 
the Grain Size 
Curve 
Application 

'-··-

12-1 

- This application is a utillty for creating and storing infor
mation on grain sizes of drilled samples in the data base. 

· With this applicationyou may crea te a data base, display 
grain size distribution curves and print one or more 
curves. 

--- --------- -· 

As shown in Figure 12-1, the majar options on the appli-. 
cation's menu bar are the following: 

• Data 

• Edit 

• Display 

• Report 

• ·LoadMap 

• Help · 

Q.oto f;dit DI§Jiloy Beport Lood M•P ·l:lelp 

Wellldent 

Figure 12-1 

GSC-1 
De ser 
Expl 

,, 
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12.2.2. Entry Form 

12.3. DATA 

12.3.1. Options on the · 
Data.Meu.u __ 

a--• 
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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 thé left currently comprising the 
working set, with two numbers at the top referrmg to 
the total number of wells with grain size samples in 
the data base and the number of such wells in the 
current working set . 

• Entry form with information on the first well on the 
list oran empty form for a new data base. · 

If you are creating 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. 

In the Entry Formas showninFigure 12-1 yo u may input 
data into two fields: Well Ident and Description. 

The Data menu is shown in Figure 12-2. The following 
. options are available: · 

• Select Working Set. 

• Delete Record. 
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12.3.2. Select Working 
Set · 

CHAITER12. GRAIN SIZE CURVES 

• Select Entry Form. 

• General Data Units. 

• Print Setup. 

• Exit. iielect Entry Form 

General Data !lnits 

Print Setup 

Figure 12-2. 

Yo u use the Sclect Working Set option in the same man
ner as in any other application. Its use is explained in 
Chapter 5, Section 5.3. Its purpose is to reduce a large set. 
with rnany wells toa smaller set of wells which may be 
selected for any reason. 

:__~=-~
0 

-~ ~:.~l2.3.3 . ...:.Déléie Recórd o~ ~OT'2deloete a_re~ord yciu 0il!~do.th~]~llowinto--·~ 00

•

0 

•• 

- ··---~ _____ o ____ ~-·-e . • ·- --- -- - -

o 
00~ ~ l. OWith the c~sor, select th~ well ~y~u ,;,i~h ~~-delete. 

12.3.4. Select Entry 
Form 

12-3 

2. Select Data on the application's menu bar. 

3. Select Delete Record, or hold down the CTRL key and·. 
press D key. _ _ o o 

4. A warning w.ill be displayed giving yo u a d~ance to 
reconsider. --. · 

Yo u may use the default formas displayed in Figure.l2-
l, or any form that yo u may ha ve created fol!owing the 
steps explained in Chapter 3. To change the form: · 

··l. Select Data on the application's menu bar. 

· 2. Click on Select Entry_Form. 

3. Select the form n~ili.e from the list displayed in the 
dialogue box. 

·, 



12.3.5. General Data 
Units 

12.3.6. Print Sctup 

12.4. 

EDIT DATA MENU 

12.4.1. Edit Data 
Submenu 
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4. Click on OK. 

In the grain size curve application yo u may think of typ
ing and storing additional information such as uniform
i ty coefficient, d 10, dzo, d6o, 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 coordina tes and ground 
surface and measuring poinf"elevations. This informa
tion 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 · 
eventually its description. If this is airead y a well which 
has been ente red into the GWW system from another ap
plication, the description field should be automatically 
filled in with inforrnation typed elsewhere. In that case 
the only"entry necessary is the well identification. The 
display then looks as shown in Figure 12-l. 

. Oll1y when yo u select Edit Data and open the data table 
with columns for grain size and percentage passing 
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) ahéi saving data. 

- .·•· 
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· Delete Row 

~ave Data Ctri-S 
E;>:;it [don'! save] Ctri-X 

Add New Set 
Dclctc Sct 

Std ASCII !nput 
Std ASCII 

Figure 12-3 

GRAIN SIZE CURVES 

12.4.2. Numbcr of 
Data Sets ··· · -- When yo u are.using-this applicabor¡ to:cre~tea rec.ord for~ ~ ~ ~ _-_ -~- _·.:_ 

c:c.--c-..c:_.= ·e=~-~ - _ ~-=-_ ::_:=:cnew·graincsize-:-curveé.}:'Óucwillj:)e~prornpted]irsi~to -tefl -
--~ _ _ the·prograrn howmany sets of data yo u ha ve fon·par: · --- · · · · 

bcular well. The lirnit for ea eh well is 5, but yo u rnay split 

12-5 

the total nurnber of data sets into a rnulbple of five as-
signing different we!l idenbficabons, such as GSC-1/1, 

-... ~. -

GSC-1/2, etc. 

When yo u .select 
Edit Data in a new 
well, the display 
will be as shown in 
Figure 12-4, 
prornpting you to 
type the nurnber of 
data sets. For the.ex
arnple that follows 

- ~ -;;¡¿ ---< · the nurnber of data 
~ · . · sets is three. 
-~$-

o~ j 1 Co•c.l 

Figure 12-4 

·-·--
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1\fter yo u decide on number of data sets the editor will 
open and display a table which will contain four col

-_-_-: urnns; one for grain size diameters in millimeters, the 
other three for data sets. The prompt will be on the 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. Yo u 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 gradually cover,. .. 
ing the whole grai.n 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 weigl-it passing through the sieve of thc 
corresponding grain diameter. 

When you finish the input, do not use TAB but hold 
down the CTRL key and sirnultaneously press S to save 

---- -~-

~~:_ 
-é~:- Figure 12-5 

the data. The table may look as shown in Figure 12-5 . 
. - ~··. 
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Figure 12-6 

Wh~n you select tile:Displayoption on the inenu bar, the 
screen m ay loo k asshown in Figtire 12-6. The majori ty of 
the screen shows 'tb:E! grain size distribution curve. The •. 
lower portian shows one of the widel y used gra,in size· 
classifications iden_tifying the limits of various fractions: 
silt and clay, sand~ a~dgraveL · 

.--. -

When yo u seleét t&.'e. Report op~ 
tion from the m en u bar the -dis
play looks as sh~~n is Figure 
12-7. As in other applications,you 

- :-~~;-~ --. 
·.· .-.-~ .. 

-~ ... 

.. .__ 

Save Diagram· 

Print ti_onstandard 

Figrtre 12-7 

·.··· 
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may use the standard reporting form (option Print) or 
yo u m ay select another reporting form (Select Form). In 
the latter case, a dialogue box will open suggesting the 

· ~ ·~na mes of al! available reporting forms. In addition to the 
curve and classification, the standard reporting form 
contains a header identifying the well anda table similar 
to the one displayed in Figure 12·5. 

_...,.._. 

12.7. LOAD MAP 

12.8. HELP 

12.9. ADDING OR 
DELETING 

SAc'\-lPLES 

.= -._-e--
---~ 

~~---
~i-~~-:-
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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 wh..ich grain size 
distribution curves ha ve been calculated. 

Yo u will use S ave Diagram option to save. the currently 
displayed graph for printing using the Print Nonstan· 
dard Report option. 

This option is explained in detail in Chapter 5, subsec
tion 5.3.2. It is used to selecta working sct, or individual 
wells to work with, directly from a map. 

This is context-sensitive on·line qelp which guides you 
through various options and pro
cedures. 

On the Edit menu you will notice 
two options: Add New Set arid 
Delete Set. When you decide to 
add a new set,a new colurnn will 
.be opened for another set of data. Ok. 11 Car=lj 

The Delete Set option prompts Fig¡¡rc 12-8 
~ you to define which sample you 
. wish to dele te. The screen may display something like 
what is shown in Figure 12-8. 

.• 
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In this example you will create one grain size distribu
tion curve with the follov\,ing informa !ion from the siev
ing anal ysis: 

Diameter (mm) Percentage (%) 

0.001 3 
0.005 6 
0.01 LO 
0.05 . LS 
0.1 22 

- 0.5 
1 

• 2 
5 
10 
20 

~~ 33-
. -15 
~59:.~ .. 

75 
88 
lOO 

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. Yo u will be back on the vvell 
".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 
wi th the second 
pair of data: 
0.005 and 6. 

11. Whcn you finish 
· the input, after 

the last number, 
that is 100, do not 
press TAB but 
use the combina
tion CTRL S. 
This sa ves 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 Clase to remove the curve from the display, . 
and Data, followed by Exit to return to the main 
m en u. 

This ends example eight. 
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],eaky W[u.r/b) 

Exit 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 yo u 
may type al! components that make the argument and 
compute the drawdown ata point in space and time as a 

- result of pumping. 

13.3.1. Non-Leaky Well 
Function 

Yo u select this function by moving the cursor to the Non
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 transrnissivity of the aquifer, 

....... 

13-2 

. 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 w:ill not _b~ repeated he re. The well func
tion is tabulated as a functipn of the ar_gument u, which 

.• " __ lumps together the two most important aquifer parame
:~c?._~ • · ·: ·, · ters (transmissivity and storage coefficient), the distance 
-~~ :· · · · from the pumping well at which the drawdown is calcu-
~- -o~_,.,._ ·" lated, and the time since the start of pumping. 

Thus, the argurneht u is equal to 
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where, r is the distance from the pumped well to the ob
servahon point, orto point at which drawdown is being 

. calculated; S is the storage coeffident; T is the coefficient 
of transmissivity; and t is time after the pumping started. 

o. 

In the GWW program the dialogue box will open as 
shown in Figure 13-3 prompting yo u for input. For ea eh 
of input parameters you may assign various units, 
vvhether consistent or not. Yo u may use this dialogue box 
as a calcula tor, replacing one or more parameters and 
quickly cibtairiing the drawdowns. 

"·1'~~-:::- ,.,¡ ~~"""""- ~ ~ .,., •• .::· ~ w" . , .. -~- ,.~ .... ,. ; ~-..;.~. -~· . ";:$ , ... , , .... ;l" -;. , 

',.: 41-};-. ::; ;t::Y-~ ~t.i:::J/.~'- ~eJI fú ... R,~•orp·:.;, ~Z:.::="~ 1M~'{ '?h~~ ~~ 
-

Input Data 

Dlsta~c~ lrom Pumped Well 100 
1 ~eel _HJ 

Aquilc r Tnm5missivity 25000 II9Pd/ll L!J 
AqUifer Storage Coel. .001 

Time ol Pu~p!~9 30 

~ fl:umping Ratc 300 • ... 

·- O!JIP~ Dala 
.. 

u . i ~.00002587BII l. .. · ... · .· ... i ., .•. · .•. i: \ .. 
W(uJ .9.98492] 

' ,', "• 
-•'"' ""'. 

Drawdown 1.~26006 1'"' .1~1, .. 
'' ....... 

1 
6;1 

·. 

1 . .. . 

F.igure 13-3 

Asan example, calcula te the·drawdown at 100 feet from 
a well pumped at 300 gpm for 30 days. The aquifer trans
rnissivity and storage coeffident are 25000 gpd/ ft anct 
0.001, respectively. 

.1. Select Well Functions. 

-~-. --~-
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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. 
Press TAB. 

5. Type 0.001, and press TAB. 

6. Type 30, press TAB, confirm days as units of time, 
p"r'ess TAB. :('!atice 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 argwnent = 0.00002587811 

• Well Function = 9.984923 

• Drawdown = 1.426 feet 

13.3.2. Leaky Wcll 
Function 

This routine calcula tes the well function for a leáky arte
sian aquifer with fully penettating 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 portian 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-

:---"" ~-:- h 
-~~~~- w ere: 

r = distance from pumped well 

T = transmissivity of main aquifer _ 

13-4 

........ 
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S = storage coeffid~nt of main aquifer ... 
t = duration of pumping 

m= thickness of se.miconfin,ing !ayer 
- ., ~ 

P =vertical perrn~~bility ot' semiconfining !ayer. 

The parameter B, which is important in the Hantush 
leaky aquifer theory: is defined as follows: 

2 .. 
B=T/P/m. 

The ratio r/B, wl,ich is one:of arguments of the leaky 
well function, is dimensionless. 

- ~·-· 

--~bs ªne>;ampJe,theJollowmg parameters areinput: 
- ~-=- --

._.·· ·-

:·:-:_, . 

, .. 
- . '· '~-· 

.·, 
--···--

., . ~ 

- ---

le: el -fil 

""" • 
d•y f. 
gpm t 
!CCI 

Mi 

Figure 13-4 

. . 
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u = 0.000000258781 

B = 15.52252 feet 

·wcu,r/B) = 1.445307 

Drawdown = 2.061 feet 

13.4. GRAIN SIZE. 

13-6 

ANALYSIS 

This is a utility program for calculating permeability val
ues (hydraulic conductivities) from grain-size analysis 
(grain-size distribution curves). The permeabilities can 

!;;_lichter 
-]Sozeny 

Ierzaghi · Smooth Sand Grains 
. Terzaghi- t;ngular Sand Grains 
Zamarin 

Figure 13-5. 
, .. 

be calculated using one of seve~ available empirl¿al for
mulas as shown in Figure 13-5. Ea eh calcula tion requires 
sorne or all of the following input parameters: 

l. Effective grain diameter (d10 or dzo), or the total 
grain-size distribution. 

~:. ,··: -- 2 .. Temperature of water in aquifer formation (dueto vis-
-~-§!;.- .. cosity dependance on temperature). 
7~- -;~-~~ -

3. Empirical coeffídent which distinguishes between 
smooth and clean 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 

arder of magnitud e considering the way in which forma
tion samples are usually collected. 

The Hazen formula applies to sands and gravels with 
effective grain diameter between 0.1 and 3.0 mm and 
uniformity coeffictent d6o/ diO less than 5. To select the 
empirical coefficient w hich considers grain uniforrnity, · . 
sorting, ancl cleanness, please note that typical values 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 coeffictent. 

One example is shown in Figure 13-6. 

9"25 At.F -- · 
-,' . - ~. ' :· . -·· 

Input Data· ......... . 

· - D10(mm[§5 
Empiric Coeft .. O 

Water Temperature ['C] 20 ----~--------~c. 

Ou~utK~~~~~--
0.3716000 ll~l:tl 

¡··. . ......... ·¡ _: ·'_:EXit·:•:;.:·--

Figure 13-6 

The u:s. Bur~aú of Reclamationformula (dueto Creager, 
Justin, and Hinds) requires the dzo.as the effective grain 
di"ameter (in mm), without any corrections (for tempera
tuTe, oran empirical coeffident). 

The S!ichter formula applies to sands and gravels with 
effective grain diameter b_etween 0.1 and 3.0 mm and 
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uniforrnity coefficient d60/ d 10 less than 5. The formula 
requires the knowledge of total sand porosity, and there 
is al so 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 diameter 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 (d!O) in 

. mm, and the formation water temperature. 

The Terzaghi formula, 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 coefficient which takes into account two 
categories of sand grains: smooth and angular. 

Terz:aghi's Formula (SmoothJ 

There are sev- ;. ;;;;;.;-":,n;pu~t;o~ •• :.-';¡;;¡~;;;;[ 
eral error trap- 010 (mm§.s 
ping ro u tines Tctol Poro si 40 

which warn Water Temperaturc rcJ 

yo U if a p"a-.~~~~~~ 
rameter is be- output K~~~~~-· 
y o n d t h e \cmfs 1 ~J 

~~~~~:a~~: ==EXi=it=·-~¡-· ·_·-_·._.~_''~_':_: .. _. ·_---~_j 
su eh message
is displayed in 
Figure 13-7 for 
the Terzaghi 
(smooth) for
mula . 

Porosity must be bctween 0.013 nnd 1 ~ 

Figure 13-7 

'. The Zamarin formula re_quires the input of the whole 
grain-size curve. Ea eh fraction of sample analysis (typed 
as 0.12 if 12% of the whole sample falls within the inter
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 correction 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. 

Fraction of Sample 

Figure 13-8 

<0.01 r,:·o:.:.s_-1 
0.01- 0.051'-l---1 

0.05·0.10 
1-----1 

0.10-0.15 
1-----1 

0.15- 0.25 
1-----1 

o .25 -o .50 L__ _ _J 

0.50- 1.00 f-----1 
1.00. 2.00 f---j 
2.00- 3.00 

f-----1 
3.00- 5.00 

1-----1 
5.00.7.001----1 

.. 7.00- 10.00 
L---..J 

Porosity r=J 
'water Tcmpr:rature ["CJ c==J 

------ Output K ------
'-----'---......J·LJcm_;/_s __ .... l!::,¡l 

This portion of the rtogram may help you select propei
casing diameter and proper scree·n length anct·to evalu
ate whether the screen entrance velocity is above a criti
ca! velocity. Theroutiné is written in such a way that you 
must assign all but one parameter, and the program will 
calcula te the missing param.e_ter. ' · 

The en tries in this routine are: 

• S creen d iameter 

• % of open screen area 

• Pumping rate •. 
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• · Maxirnwn en trance velocity 

o Length of screeñ -

The dialogue box for this routine is as shown in Figure 
· · · 13-9. Yo u will notice the hint: Type ? in field to be compu ted. 

After yo u en ter all other values, the program will replace 

S creen Di a meter 

% of Open Are a of Screen 

Pumping Rate 

Max. Entrance Velocity 

Length of Sc~ei:n 

\in eh 

gpm 

11/s 

inc.h 

-

• ·- ........ -.- n' ... ~. ___ ,..._,..,,.,,,.,_, __ .. ---- .. .... , ............ -·-
HINT: Type? in field to be computed [--'-'"---'-.,-· :..,· . . . ···-·< ' . . . . . . . . . .... 

1 Exít>j 

__::. ,-oo· .... 

- .. Figure 13-9 
.. ""' 

1 :ti 
:f 

:t 
:f 

the question rnark with the calculated value. You will 
.also notice that for each pararneter except the percentage 
of open screen area;·:which is dirnensionless, you may 
select units of youi" cli.oice. 

-~ . _. -":' 

Recommended Cas~ng Diameter. The program relates 
the design pumpinZ:ii!.te of the well pumped with a ver
tical turbine pump tQJhe optimum casing diameter. The 
.djameter of the próduction-well casing should be two 
nominal sizes large(than the bowl of the pwnp to pre
vent the pwnpshaft fiom bending, to reduce head losses 

•.. ,. _ _,_ and to allow rneasúierrients ofwater levels in the well. 
· The casing diaméter.may be reduced below the maxi

. · mwn anticipated_ptimp setting depth. Suggested casing 
diameters for vario~ pwnping rates are calculated ac
cording to recommer}dations in Walton (Groundwater Re
source Evaluation, Mcyraw-Hill, 1972, p.299). · 

.. , '• ·. :" 
-...!-· 

' 
~ ·~-.. - ', ~-~---

:_-:.~_\.~ 
.... _.-

:'i--

-.. . 

.... "" ... 

· .. 
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Screen Length. The recommended screen length is a 
function of entrani:e velocities into the well. The screen 
length as calculated in this program is based in part on 
the effective open area of a screen andan optimum (criti-

-cal) 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 
migration 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 in
put to the program consists of two components: (a) open 
screen are a, (b) selected critica! (maximuÍn) en trance ve
locity. 

------------~ ---
-:,~-· - "'~~':"'~'-'-=--_---:-:=--~-==--,.. i:':::::-::::·::-'"= __ ·:::._ _:;=:-:=:~...::.:.2::'~-::..:_---z:::.. :._-:._"'----=~ --_ -r 

. -- ---=----,---
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---·~ .Fi~~13-=io-ilispl;ys an example m-\vhich-the s~reen di
ameter is calculated when the screen length and ·the per-

S creen Diameler 

% ol Open Arca ol Screen 

Pumping Rate 

Max. Entran ce Velocity 

length of S creen 

? 

17 

300 

.tJ 
20 

Jinch 

gpm 

11/s 

fe el 

. • •..• e· HINT: Typ~ ? ¡~ fieldto be ~mputed 
r--;.._:;_;~·:c,·'·'::.,'·-'·• .... < '-..... : ' ••. ,:,-; ...... '·' ·' ..... '>' .. • .. -,.•, .: .... -:· ... -.. -;-:. 

l·. _Exi(_···· t··_ 

Figure 13-10 

9:32AM 

l.tl 1.- •• 

:! 
i 
f 

'" •w•,• ....... .... ~--.. ' 

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:. 

~-1. 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 cliameter which will 
guarantee that the critica! entrance velodty of 0.1 ft/ sec 

13-12 

will not be surpassed? · 

Yo u 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 en trance velocity, and 20 feet for length 
.of the 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 velocity is 3 cm/ s. 
Find the well screen diameter which will keep the en
trance velocity less than the maximum permitted. 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 su eh a well. 

Place a question mark in the field Screen Diameter. Type 
17 for the % of Open Area oj Screen. Type 1000 for the 
Pumping Rate, anq change the unit to m3/day. Type for 

.•. Max. Entrance Velocih; 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 inches for the minimum recomrnended screen di ame
ter, and 6 inches for tije casing diameter in which a ver
tical turbine pump will be housed. 

-~,::-< .·-:-.. :. This ends exa¡nple mÚnber eleven. 
~~~'--
~-::;:•r:· 
--:;--:-----~-

~-::~--~-~ 
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S creen Oiameter 

% of Opcn Are a ol S creen 

Pumping Rate 

Max. Entran ce Velocity 

Length of Screen 
:•,, '' •' ''·'·" 

2.825817 

117.00 

1000.0000 

3.000000 

10.000000 
-. ,_ 

[inch 

m3/day 

cm/s 

m 
.. .. 

HINT: Type ? in field to be computed f-'+-'-7-c"-'-" '::..,·. . . . . . . . .. . . . . . • • .w. • • • --· •• 

¡·E>ctt 1 

'9:35AM 

[i! 

-1-

:!: 
± 

Recomended Diameter 6 .O O 00 O O · ··. jL¡ ~_eh_· ·---:-_....!!]"-' · 

Figure 13-11 

~~~- ---- -- -- .. - - .. ~-~-~----~--:=: ::-_~_--_ .. 
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14.1 

INTRODUCTION 

14.1.1. General Using this application you rnay crea te lithologic, hydro
geologic or stratigraphic cross sections, and display on 
the screen and in reporting forrnsthe following: 

• Lithology at borehole si tes. 

• Ground surface elevatiOii"along the cross sectionline. 

• Water levellines (static, dynarnic, drawdown) along 
the cross section line. . 

• Stratigraphic and lithologic contacts. 

• Well constructi_o~_details,including the positiori of 
screen. 

··· ·-~--~-":"_-=_=_=~3_::~-~-=-~y_,.~~-=-_;-:~~--:~:---~_,...:_:"'_'"":•:'"_~O~n7e:=_~o~r--;-tw_,.o:-:-ch~·e;';:rru;:'-~.c=al;=_:::co,_-ns::-?t~itu::=:-en~-t~s=-o~r~'~co:;n:;t~arru~·n=-a~n~t~s~-~
: · along well's dep!h· 

. ~-. 

14.1.2._ Application's 
- -- Content 

This applica.tion is·a utility for drawing cross sections, 
adding a legend, and reporting. It uses the informa tion 

· - frorn the data base.that was created using the Well Log 
and Lithology appli~ation (see Chapter Eight). The "in

. tersection" lines, or ~vaiious elevation lines added onto 
the cross section, aie created using the Mapping applica
tion. The che mica! concentra tion data are taken frorn the 
application Concenfdition-Depth. 

:- . : 

As shown in Figure "i4~1, the Cross Section application is 
cornprised of the follówing major options: 

"'ª~·._·-~ •. ,·~!J<r- ~ ...... 

·.-- .... : .r.• 

• Cross Sections. _,-~ ·· 
~: .. 

• Wells. ' '·. -

. ~ .. 
. ,7"" . 

14-1 . -··· 
... -

. ~:.:.· -. 

·.: . 

.. · ;. .. 
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!;_ross Section :rtells Map §_rid Model Qptions tlelp 

Figure 14-1 

• Map. 

• Grid Mode!. 

• Options. 

• Help. 

The Cross Section menu serves to crea te a cross section, 
to assign various attributes to the display and report, to 
save or copy cross-sections, to select vertical and hori
zontal scales and to check d.imension of the drawing. It 
is also used to make a legend box with various text, in
cluding scale, and to position the legend onto tl:te draw
ing. 

This menu is also used to select a reporting form and to 
print a cross section . 

Cross sections are created and saved as interna! files. Ai
ter you crea te a section, display it on. t:he screen; and 
eventual! y print it, yo u may save the completed section 

, under its ow~ name. Cross sections then beco me an in
-tegral part Óf the Ground Water Information System 
(GWIS). You may retrieve cross sections any time you 

-open your data base, you may print cross sections or add 
sorne content. 



- --- -__ --- - -
-------,:_ ____.;; 
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Depending on 
when you acti
va te the Cross 
Section menu, 
sorne or all of 
the fotlowing 
options will be 
available, as 
shown in Fig
ure 14-2: 

• New Cross 
Section 

• New Cross _ 
Section 
Like 

• Old Cross 
Section 

CROSS SECTIONS 

New Cross Scction !,ik.c ... 
Qld Cross Scdion 
!;_le~r Cross Section 

,S.ave Cross Scction 

S ave Cross Section és ... 

Make Legend 
Wrile Text to Legcnd 
Write S cale to Legend 

Prinl Cross Scction 
Print Setup 
Oimension 

Figure 14-2 

Clear- Cross· _ ·--' ==------
SecHon_-__ ----~- ~---,---""7::-------:-----.., __ ,----- --------

--. :::-.·----- _, 

• Save Cross Section· 

• Save Cross Section As ... 

• Edit Parameters 

• Units 

• Make Legend 

• Write Text to Legend 

• Write Sea! e to Legend 

• Print Cross Section 

-• Print Setup 

•. _ Dimension 

• Exit. 

•,--· 

---.,. .... 

:,;t\lrt,. 

-· 

j 
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14.2.1. New Cross When you select 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 \·ertical axis, and to selecta horizontal and verti
cal scale. 

-f1ta:Ah%'1i%jffi4_r@$'f!~W't:Mo/f@#}1 

1
! 1 S\"""9 p;'":tl 1 y ! ¡1 

1 

EndJng Pomt (m! 1 

¡. X 1 yl 1 . 

< 
l Z Coonlin41C [m[ 

~ Froml .J lo[ 
L~:~bcl S,::"::...P -, 

L 1 1 

. S~le:: 

Ho1izont:all: 1 \ VcrtKall:\ 

1 "'", l 1 
-

--- ------.-------~,---=-----;;--:~--

_______ .-;_-:--:Figure1~3_-~.:_:_ ,-:~'"";:.~---: ~:;:,·,..::-_·--~-.. -~---

14-4 

'- You \vil! also ha ve a chan¿e to control the drawing by 
selecting the More button· (see Figure 14-3) which will· 
then open another dialógue box as shown in Figure 14-4. 
There, you may control the drawing margins, colors of. 

· various parts· of the drawing, lines imd fonts .. Keep in 
mind tha t ·· · · · 
the margi.iis 
refer to the 
f r a m e 
around the 

-~ - .......... -_ -. -·~- --~ 

.,, ... ;;::·"';('<<;:-;-:"~.-:.y~...-;.~~tx·Di~~- · ... "'~'""'~·/'/'-'~ .... --~:>.:~t· 

Margins [mm[ 

drawing; 

~· ... . _I),Ot to page 
m a rg.Ins. 

1 

Lcll lim 1"'"'' ~ Abov~ ~~el~ lt2.5 l 

Color; 1 ... ~~~· 1 -~~on\ 1[ r-~1:-•--
BMdet";,..,.- 11 CoottJ, l-11'1(,9- n ! 

This is nota 
·="'--'..::::· :e ... , -· •."fit-to-pag 
-~~~~-~~
~?-;'=~~-. 

e" dra\ving, 
·but rather it 
should fit 

1 Bm1<2:"!:00M::o:o- 1 [ 

1 or. 

Lab'*n ' J 
T¡cl<; Hoight (mm] 

~ .· .. -

11 COOCol .¡ 

Figure 14-4 
. the report

ing form that you may have created using" the option 

'·-· ;. 
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14.2.2. New Cross 
Scction f-ike ... 
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Tools from the main menu bar, followed by Report File 
Editor. 

The New Cross Section option is also used when you 
select a cross section line from one of the existing m a ps 
by selecting the starting and ending points with a m o use. 
You will learn how to do this in Section 14.5, Adding 
We!ls by Drawing Cross Section 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 
the starting and ending points, scales, and drawing pa
rameters. Actual! y you will use everything from the ex
isting section except the content. Th.is option is useful 
when yo u are not satisfied with the content for whatever 
rcason. 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. 

14.2.3. O Id Cross When yo u select this op-
Section tion the dialogue box 

such as the one shown in 
Figure_14-5 will open. 
The GWW program dis
plays the list with al! 
named cross secttons 
saved in prevíous ses
sions. 

You will use this option 
when you want to dis-

. . --: __ ... play the cross .section, 
E:~~-• · . print itas it is, or moclify 
é-~·;r:~~. · it befare printing and/ or 

saving. When you select 
one of listed cross sec-

SECTION-1 
SECTION·ZC 
big 

Figure 14-5 

-· . 
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CHAPTER 14 CROSS SECTIONS 

hons, it will be displayed oifÜ1e screen. The na me of the 
cross sechon will be displa>:ed in the title bar on the top. 

... .. ~ 

NOTE. Always look at_ the title bar lo see wit/1 what yo u are 
· · ú1rrently working._·this helps to prevent accidental c!wnges, 

unwmzted saving iJ.~d:dverúiriting. 

:\-1" 

}.¡.2.4. Clear Cross ··This option clcars·'the· content of the currently selected 
s'ection cross section. What-remains·is the coordina te "system", 

that is the X and Y co~ordinates of the starting 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 sel~~-hng ophon Save Cross Section, the 
previous content will be era sed ("cleared") and the new 
content will be saved ihstead. 

-- -- ·----_:. _::,-__ 

14:2.5. Bav¡ c;~ss o When yo u fini~h wd;king on.c_ a cross section y; u may 
· :-·:- Section- -want to save it: YoÜ~~_ve two ophons: (1) to saveit únder 

· · the name that is displayed in the title bar, (2) to save it 

., i 

under a different na:E:te: The option Save Cross Section 
saves only.under ti}~ sáme name as shown in the title bar . 

.. If this is an ·untitled,éross.sechon, that is a new section, 
· __ : <: .. --~- tliis optiori will be-~ciiiñ'med;"which means unavailabie. 

: ·.:: --- - .. ~-- -:;.."',;;<
-~ 

14.2.6. ~ave,~ross When you work,~n'i.t~w ~oss section, this will be the 
Section As... only "saving" optior\ayailab!e.' Yo u will be prompted to 

·:. ~- - ... assign an internal-:f_r:9ss sectlon na me. If yo u worked 

14-6 

. . . with an existing cr~ss)ection (yo u used the._.pption Old 
· · Cross Section), yoü7~ill have the option to save it by 

________ ,¡,:_· -·-_,.selez:ting either Sav~Cross Section, in which case the 
/ :-~-.:'~~.';: .• same section htle wjjl;_!Je kept.and·as content overwrit
;:~~~:;$t--·~ · . ten, or by using the . .Qption S ave Cross Section As ... , in 
•e-"?'~:--:' whim_ case you will'a~sign another na meto the modified 

sechon without aff~_cfing tne content of the one with 
"~- .~:~·? ~~-~ 

:.· 
-:· ·--~' . 

·= 

/ 
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which you started. In this 
second case the dialogue box 
as the one show n in Figure 
14-6 will be displuycd. 

Yo u may edit the parameters 
of an existing cross section. 
When you select this ophon, 
the dialogue box as shown in 
Figure 14-7 wil! be dis-
p!ayed. You may modify. 
anything in this box, al
though normal!y, you wil! 

CROSS SECTIONS 

SlCTlON-1 
SCCTI0»-2C 

""' 

Figure 14-6 

probably wantto change one or both scales, and the ver-
. tical interv'!l .. pJ.the display (Z Coordinate From .. To). 

-

ili~:;~ty[gJt}~~~"~~~1':aJ:6~¡;;¡t~'"1l.~!'f2M~ 

1 SIQrt;ng Po; ni [m] 
. X 1653600 

1 
y 19]71 50 1 

1 

1 

Endmg Point [m) 
X 1•74300 r Y 19G!:i625 1 

1 

Z Coordinatu [m] Labul Stcp 

From 1-• 00 1 To j120 1 1• o 1 

Sco.Jcs 

Honzontal ,. j'1'i5'üilíi'''•'''''-] Vertical " r;·üuür-······ '] 

1 01< l 1 Cnne&)l 1 1 
.... 01"1) .. > 1 

" Figure H-7 

Remember that there is' the More option which opens 
another dialogue box in which yo u control drawing pa
rameters . .The normal procedure in ed.iting cross section 
parameters would be to select scales and then check the 
climension (size) of the cross sechon by selechng ophon 

·.· Dimension from the same menu. The display may look 
·as shown in Figure 14-8. If not sa tisfied, yo u m a y return 
to the Edit Parameters ophon and modify one or both 
scales. 
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. . . 

14.2.8. Make Legend The legend will usu
ally consist of sorne. 

H-oriZontal (é:m-] ~ · 22.52 

Vertical [cm]._ 15.35 

... text, sea les, litholog:ical 
· symbols and descri p

tions, and various in-

Figure 14-S 

tersection lines that you may superimpose onto the 
drawing. Using this option, yo u 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. · · 

14.2.9. Write Tcxt to 
Legénd 

Yo u may write sorne text to the legend, line by line. Each 
time yo u select thls option, yo u will be prompted for iext 
and for fonts for the text. The text Iines will be printed iri 
vertical succession fiom top to bottom within the legend 
frame you designed using the option Maké Legend. · 

14.2.10. Writc Scale to Using this option, the program will add horizontal'and 
Lcgend ~ vertical sea! esto the legend. · ., __ 

14.2.11. Print Cross When you decide to print a cro~s.section, tha program 
Section · will display the list of al! the available reporting forms. 

·:Yo.u rriay selectone of the forms, and the program will 
print the report: · · · 

... - .. _ 

14.2.12.:~tup-- Thls option is expliüned in Chapter 5, Section 5.4 . 
. -~---~~~--' . 

14-8 

:--~~~
. ,~-~-':...;.;;'~~ 

14.2.13. Dimension · As mentioned ear!ier in paragraph 14.2.7., you will use 
this option frequently to check the size of the drawing. 



-·: 

CHAPTER14 CROSS SECTIONS 

The nurnbers, ~hlch are in centirneters by default, as 
shown in Figure 1_4-8, include drawing rnargins. The fol
lowing is important to keep in mind: cross sections are 
printed using either a default reporting form or one 

=~-,-~e -~ - - .-- ·-- which you created.- When you crea te a reporting form, 
you assign the dirri.ension and position of the drawing 
field. The dimensions assigned using the Tools option on 
the· rnain menu and Report Form Editor should match 
the dimensions of .your current cross section in arder to 
print its whole content. 

14.3. 

For example, currently you ha ve a cross section report
ing forrn which is preparedfor 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 dirnensions, as 
displayed using U.Us option, are less than the reporting 
forrn's drawing fiéld, the cross section will be centered 
within the drawíng field. If they are greater than the 
drawing field, a portian of the cross section will not be 
printed. What will be printed will start at the lower left 

-comer of the repo'rting form's drawing field. 

ADDING WELLS TO 
A CROSS SECTION 

14-9 

The cross section ~óuld not be the subject of this chapter 
had it not been for-wells that have lithology identified 

· and described. Adéling wells toa cross section is the next 
step after you have selected your cross section line and 
defined i ts pararnetérs . 

..: .. . .•. -~-

The second optio¡). "on the 
application's rneñu bar,· 

_ ___ Wells, is cornprised of the 
E~::_;Jj;··-~ ·: · following, as sn?w·n in 
,-..- ,.;_, ·· .. Figure 14-9: _,-.-~ 
--::.::-:~~~ -~ .... ~-.. :. :· . . - -

• Select Working set 
,¡.. . 

• Select Wdrkin~ Group -

.... · 

.:-:-· ;· -
· ... 

=:- . 
-...._ ' -~ 

Select Working §roup 
Select W.G. Wilhin Bange 

Add Wells lo C.Section 

Add lo end 

Figure 14-9 





14.3.4. Add Wells to 
Cross Section 

· ...... -
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Unsolaefod ltems Solectod ltoms 

P0-1 
PO-S 
PG-4 
P0-5 
SRRG-10 
SRRG-3 
SRRG-4 
SRRG-5 
SRRG-7 
SRRG-8 
SRRG-'3 

.:~··· 

•• U ...... Cti\11 ! 5eloctAJÍ : •• • 

1 tlMot.Cor>dHian_: 1 1 'SolodCOndlllon 

:o.:: 1 1·-é,.,~ •1 

Figure 14-10 

... ~ ... -.. 

tha t are less than 400 in frorn the cross section line to be 
projected onto the line. 

Befare yo u decide to crea te a working group, it is impar· 
tant to check that there are no wells curren ti y rnaking the 
group. The rnethod that you use to select wells will su
perpose new wells ohto the list of existing wells in the 
group, and yoU may plot sorne unwanted weUs. Always 
display the list of selected wells by returning to the op- _ 
tion Select Working Group. Check the list, as shown in 
Figure 14-10, befare you apply the nex~ option, Add 
Wells to Cross Section. 

· When yo u are satisfied that wells on the listas displayed-• _ 
with the option Select Working Group are the ones yo u 
wish .to ha ve plotted, yo u rnay apply the option Add 
Wells to Cross Section. There rnay be one intermedia te 
step befare you do this; that is select the width of Ji- · 
thological colunms for wells. This is done by using op-

. · tion Options from the rnenu bar, which will be explained 
in Section 14.6. 

Áfter you select Add Wells to Cross Section, the wells 
selected will be plotted.· -



14.3.5. Add Lithology 
to Legend 

1--1.4. MAP 
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Using this option you will be prompted to select Ji. 
thological symbols that may appear on the currently dis
played cross section to ha ve .them become a part of the 
legend . 

. Selecting cross section lines and wells tha t 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 ending points and pick
ing up wells manually. This option on the menu bar, 
which 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 
ha ve created one or more maps showing the locations of 

· wells with available lithological data. You m ay crea te 
such a map using the Mapping application. 

The proced ure for se-
H lecting cross section 
_el¡ lines and wells using: 

--···-··-· -. ·------=--- --maps is-explained-: 

.. 

14-12 

ng 
Select Worki §roup from 

Fig11rc 14-11 

_ l. Select Load·Ma,p._ · 

· with the following ex- · 
ample: 

. 2. The Load Map dialogue box as shown in Figure 14-12 
is displayed. In this example only one map has been 
crea ted using the · 

. Mapping applica
tion. The·map was 
saved under the 
name BASIC. You 
will double click on 

r~?- . . . . the name BASIC,or . 
die k i t once and ~;-:t~~-
press ENTER. 

3. The map as shown 
in Figure 14-13 will 

Scled an ICJQSI.ing nhrp 

FiS"re 14-12 
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be displayed. This 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 H-13 

selecting wells. You may seléct 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 portian ofthe but
ton line. If yo u select the bu tton 
Sel.In Area, you will need to draw 
a polygon around the wells tha tyou 

·• · wish to select. Yo u will start by 
clicking the mouse on one point, 
move the mouse a certain distance, 
click it again, and repeat this until 
you come close to the initial point. 
Then you will click on the End .. 

... 

.lséunA~a 1 
.·¡ End PóhíÜ . 

··i.c.~ÉndAreá :1 
1 oig.Énd.F>tSI . 

Figure 14-14 
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Point button to el ose the are a. Using this button, the 
last selected point will connect with the first point, 
completely closing the are a. Yo u may repeat the same 
procedure with another area, selecting sorne distant 
points that could not .be ente red into the first area. 
When you ha ve 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 eilher aworking group ora 
working set, depending on what yo u ha ve attempted 
to create. 

Anothef"way to selecf wells is to use the buttons 
Sel.Points and End Points as shown in Figure 14-15. 
Keep in mind tha t 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 befare 
yo, u start adding them to the lis t. 

When you click on the Sel.Poirits 

,, 1 :séú=>;;¡ilisq 
' ----·"" "" "'' 

• [!;nd _pOints ] 

button you may proceed-by-clicking · Figure 14-15 

on or near a well location to be se-
lected, one by one. Ea eh time yo u click on a new well its 

· identification is added to the working group list. To end 
the selection, click on Erid Points. 

_. Yo u m ay also use the optiÓn Sel.Iri Réct. ~ hich starids 
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 rectanglEi is being 
shaped. The button Sel.In Rect. and the rectangle se

··-· . le.:ted with four .vells in it are shown in Figure 14-16. · 

Figure 14-16 

·- .. 

j FrtWnd 

sei.ln A.aét' · · ·· 

: &.!.Ptiliitó ; 

"" '"'"' . ' ........... . 
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14.5. 

ADDING WELLS BY 
DRAWING-CROSS 

SECTION-bÍNE ON 
THEMAP 

14-15 

You rnay also add wells by drawing a cross section line 
on the map. Todo this, select wells by defining the cross 
section line, and by displaying al! wells that are 5000 m 
from the line. Select the last button la-
beled as Dig.End.Pts, as shown in Fig-

~~ ~~~: ~~d c~~~:rnt~~~: :~~~~ ;~~ . l1[~i9:~ri%·Pli~lll 
future cross section line. Hold the left 
button of the mouse and drag the cur-
sor to other end of the line. Release the Figure 14-17 

button. The line will be drawn as 
shown in Figure 14-
18. 

Now go to the Cross 
Section menu and se-. 
lect New Cross Sec
tion, a s s h o w n in 
Figure 14-19. The pro
gram will display the 
dialogue box named 
Cross SectionPararne
ters as shown in Ftg~ 
ure 14-20·.- Only the 
coórdinates of "Start
ing and encling points 
of the cross section 
line, as drawn by you 
in the step befare, 

_ -·- ___ _ __ . will be displayed. 

E~ --- . ~~~:~~~~~~i!l :: 
'-~~~-- complete the cross 

section definition. 
The display rnay 
·look as shown in 
Figure 14-21. You 

_ ... J. 
······T··· 

Figure 14-18 

Figure 14-19 
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~:i;/1:'~,:~";/,:~, ', C:1o;v ~):'l;l!uffV.!~~;~Jc:u:<'.' . '. / ; . ~ ,, ' 

i ': ,>" '( ,> 
>' 

1 Slart,ng Po,nt .• •. 

X llli!illil 1 y 1937300 1 
1 

. -· 
Endmg Poml " 

X 1674460 1 y 1967400 1 ' 
Z Coord¡nate-·.:-' Label Step 

From 1 -".'1 . Tol 1 1 1 . 

¡scalos · ., 

1 
· 1 Verbcal 1 : 1 1 . Honzonl~; d 

. 
1· 

,OK_·-
1 

1 ; ca.;;;;¡¡ 1 1 MOfO';--~ 1 . 

Figure'14-20 

· should definitelygi~ck the dimension to decide whether 
yo u need to modify the scale. 

e:.-:~ ' 

lf your working gtóup was empty, you should go to the 
---:-:--.'c-------Wells menu, and-~~lect the~option-Select-W:G:--Within·-

Startmg Pomt:-"__:_· ___ , 
X 1653976 · 1 ' Y 1937300 

. _ .. 

1 End,ng Pcint • ' . -
X 1674460--

Z Coordinare>~/:_.~_ 

Froml·\00. --1~-Tol\20 . 

1 
y 1967400 

Label Stop 

"'Ita'--, 

/1:_;; Figure 14-21 . 

Range. When pr~~Rted 'fcí; distance, type SOCO as . 
·'=-·- sl}pwn in Figure 14.;'.-:' · · 
-=~ '""" : ·-:·.-- . 22:· ·.- ,., ... , .. 
-~----..... --..r-::--,:~:·:~·:. -- ·.-.; ~ Enlerdlstanc.e 

.. -:;..::~---' ,6 "'" .:~~t~~~- . 
-::._:0.:~;~;:. · Now select theco¡:?~~-:. "'sooo,..,---------

. •· _. .. tion Select Work~ri~(:
Group tó confirín\.: 
that only the well{' 

-· ·-
. ·"; 

·¡ '~· ll•eóMii•l 
Figure 14-22 
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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. 

Unselected ltcms 

SRRG-3 
SRRG-4 
SRRG-5 
SRRG-9 

Selcctcd ltems 

P0-1 
P0-3 
P0--4 
P0-5 
SRRG-10 
SHRG-7 
SRRG-8 

. . ·. U"""lect Al! :. > . 1 Solect AJt·. 

· Unse). C<mditlon : 1 1 Sola el Condítiim 

Figure 14-23 

The final step is now to add the selected wells to crea te 
the cross section. From the Wells rnenu select Add Wells 
to C.Section, as shown in 
Figure 14-24. In a rnoment, 
the wells will be plotted; 
and the screen display may 
loo k as shown in Figure 14-
25-. However, the widths of 

.well lithological columns 
. will be lQ mm by default. If 
· this is not what yo u would 
like to ha ve, befare yo u de
cided to plot wells you 
should ha ve selected an-

Select Working Group 
Select W. G. Within .Bange 

édd Wells to C.Section 

Add Lithology to Legend 

Figure 14-24 
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.... seí:tJÓn-biW 

, 
---.- -. 
---~-<:'- - .. - ., : 1 

Figure 14-25 

~==''======~-:-:-::=~-----otherwidth~This is-done·by selectihg-me-o}5tion0ptions -. ---- · 
-- ------_,~----- ---

--

14.7. 

ADDING 
INTERSECTION 

oh the-rrienu bar; as shown in Figure-14-26; then selectiitg 
- Column Plotting Style and-clicking on Set Column 
Width. The dialogue box labeled · 
Log Plotting Style will open 
prornpting you to type another 
colurnn width in rnillirneters. The 
dialogue box is displayed in Fig-

~: ure 1_4-27. Type the new nurnber 
and select OK or press ENTER Figure 14-26 

t-lorlzontcl Sc.alc 1: III!IIJ·· ·j 
Column Width (mm) c::S:.._ ___ ___J 

O Plot Well Constructlon 

Chcmic:al Con"~>titucnt& 

. ·.•- ~.::-bli!ffiS-:·-- ·:· 
To lhe Rlghtl<nonc> jtj 

To thc Lctt l<nonc> !.t:J -----~-~. 

-~-... ~~~~--
~-= ~.: 

-::_..__"7--...:-=._.._:...._· 
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· In the termi
nology of 
the GWW 
package, 

1 ,- '01< .· ll · c~acoo .· l 

·"":' 

Figure 14-27 
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"intersection line" is the vertical projection of a grid 
model along the cross section line. You will learn in 
Chapter 15, Mapping Application, what grid models are 

.. _ and how they are created. A grid rnodel is a collection of 
· sorne value for eaéh·cell of a mode!. In the Mapping Ap
plication yo u decide on the grid, the nurnber of rows and 
colurnns, and the.spacing along rows and colurnns. You 
then use the progr?rn to interpolate or extrapola te ran
dorn values at sorne points to create a grid rnodel in 
which a selected par¡¡meter \vill ha ve one value for ea eh 
cell of the modeL These grid rnodels are saved intemally 
with sorne meaningful names. 

- In the case of cross_séctions, you may be interested in 
having the followi_Í1g-lines drawn: 

• Ground surface É!!evation. 
--

• One or more water table or piezometric pressure ele-
vations. . .-·. · . . · · · 

• One or more lihes connecting either lithologic units 
or stratigraphic formations. 

:""'·; 

We rnay add one or ·more such lines to complement our 
lithologic cross se~tion. 

14.7.1. Grid Model 
Menu 

You will notice the'option Grid Model on the applica
tion's menu bar. When you select this option the sub
menu as shown fn Figure 14-28 will be displayed. The 

14-19 

Get Intersection Line option offers a list of all possible 
gridniode>ls in yqur current GWIS. The Edit Line Attrib
utes is·a routine Win
dows procedure to 
select colors, li_ne· 
thickness and pattern· 

-~ -: · --,~- ·(salid· dashed éiót-·· 
: :<""iec?i- -> .· ted, e;c.), and Í.i~·el-

·c"?,;' ~.<~ ing fonts. The Plo_t· 
Intersection Line i's· 
the plotting option·_or_ 
adding the line o~t.o 
the cross section, The-

"-:· . 
.... -, ·~ . :-. ,\-

:;-_ ·-

' ,-,' __ q , .. 

lntersection Une lo Legend 

Figure 14-28 
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Intersection Line to Legend is used to add the line with 
its attributes and sorne text defining the Une to the leg
end. You should use these options starting with the top 

· .. · .and ending with the bottom. 

14.7.2. Get Intersection 
Line 

.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 yo u to select one. 

14.7.3. Edit Line Whcn one of the available 
Attributes grid models is selected, the 

options Edit Line Attrib- ' 0
""""'"""''' 

u tes a nd Plot Intersection ,----------, 
Lineare available, as shown 
in Figure 14-30. When you 
click on Edit Line Attrib- -~l loo .. , 1_

1 
__ 

-_ -_ =---====-========::=_==uutes,-the aiiiiogut?=box as~ --~-:- --
-- --=--- ~-~~ --~e-· -~aisplayed in Figu!'e 14-31 

- ~ -- - - -- - · -- prompts yo u to modify the 
Figure 14-29 

14-20 

default line pattern (one of 
six possible combinations, . 
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 Win
dows-su pplied pal
ette; !abe! font (see 
Figüre 14-34); etc. Yo u 
may break the line by 

_!;dit Une AHributes 
eiot lntersection Une 
lntersection Line to Le d 

Figure 14-30 inserting certain text 
.=:::·-~-::e .>-- -.such as SWL for static 
-~~:-:e~- . . -water leve!, or the 
':.::.:~é 10':' name of a formation. For this you use the La be! field. ni.e 

entries Distani:e #1 [mm], which by default is 40 mm, 
means that your label will start 40 mm from the begin
ning of the cross section line. The second distance nurn-

..v· 
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Pen At1nbutes 

Thicl<ness 

Jz 
Une Pattem 

Jsolid Une [±l 
1 .~e:·¡;gio~.?.:;, l 

Line Pattern 

Figure 14-32 

CROSS SECTIONS 

Une Attnbutcs 

Label 

DistanLc_e_#_l_[m_m_J ¡=¡4=0=~ 

Distance 1 2Jmm[ Ll1_2_o_...J 

1· ·.· Label Font;;, • .. ··¡ 

Figure 14-31 

Pen Attributes 

Thickn~ss 

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 

Ollold 

Dttalic 

O!.!ndcrUn~ 

. ~ ' 

yo\1 are plotting the 
ground sur fa ce ~~~
:-.:,¡¡tion line .á.nd 
want to !abe! it as 
LS Eleva tion, the 
plotted segment 
with the label may 

{~~~~ --.·-. ·~~;::~4~~~wn iri 
-;_ --- -~:-

Figure 14-34 
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14.7.4. Plot Intersection Once yo u ha ve selected a line to plot, edited it and rnocti
Line f1ed the defaults, you rnay plot it by selecting the option 

-=-=-~-:~-B- ~- ·- --Plot Intersection Line. 

·..¡. 
~ ó 
ó ~ 

&11--""~-::or-L S E 1 " v " ti 0 n ----r.,..,...,:r--

ID 

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

-----~e:_-· ___ ---=---=:;_,;__-_:_ __ -;-_-------~ . ' 

14.8. LEGE!\'D 

14-22 

Figure 14-35 

Adcting a legend toa cross section was briefly rnentioned 
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 rnenu, Figure 14-24, and on the Grid Model 
rnenu, Figure 14-28. 

·. ·The option Make Legend on the Cross Section rnenu 
prornpts you to select the relative position of the legend 
frame within the drawing. The dialogue box is displayed 
in Figure 14-37. With a little bit of patience you may place 
the legend frarne to any place on the cross section draw-
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Make Legend 
Wrile Text lo Legend 
Wrile S cale lo Legend 

i ng, ei ther wi thin the cross 
section or outside. Again, yo u 
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 lower right 
comer 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

1 ! 

Relate corner poinls ol map and legend 

A.ddition81 OHse~ 

x 1-s 1 v l2..___j 

Figure 14-37 

ately:_ff this is the case, yo u should refresh the screen dis
play by selecti.ng one of sizing buttons (the small arrows 
in the upper right cerner of .... 
the window). .,, 

The next step is to write sorne 
text using the option Write 
Text to Legend from the ··-

·90 . 

Cross section menu. Suppose 
.you type the word LEGEND 
as shown in Figure 14-39, 
then select the option.,Write 

576156' ' 
''9675~9 ' 

Figure 14-38 

.... 

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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- ·- ILEGEND( 

o~·-ll c • .,.., 

Figure 14-39 

CROSS SECTIONS 

Select Worldng !!roup 
Select W.G. Wilhin !3ange 

Md Wells to C.Section 

Units will list al! avadable 
codes for lithology. This is 
shown in Figure 14-41. Since 

Figure 14-40 

the legend block will con
tain codes copied as they ap-

Sctcct ltcm(sJ --- pear in the list, yo u· 'should 
¡aouLOER select only the ones that 
CLAYH ha ve a clear description of li-
C:WG- ------- --- -_- -:th o lo gy:-_The-_a cro·nym 
C:WIOS --
DOLO- - - - C-WIOS; which was created 
GRAVE!!<.--·· ,. · • · · 
GRAVELC 
GRAVELF 
G!I-IC 

Figure 14-41 

lithological cross sec
tion with the legend 
block may look as dis
played in Figure 14-43. 

Using.0ptions menú 
• you rriay enhancé your 

cross section by adcling 
well construction de
tails and deciding on 

to presenLClay With 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 

·- ·- 50 

M-

LEGEND 

1'150000 
1 1500 ... 80 

~ ""' -90 

o o "'"""- ·100 

.... . ""' . . . . ,.,.,._. ~110 

/ 1 / / "" 
.675158 

Figure 14-42 
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" scction-bfw 

. 
o ~ 

--.. ·. 

Figure 14-43 

LEOENO 
IIOIC ~&V 

; "" -·.. 

plotting cine or two chemical constituents along the 
wells. 

When you ciick on Options from the main menu~ the dis
play is as shown in Figure 14-44. You are offered toselect 
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. Column Plotting 
Style 

CHAPTER 14 ·:- CROSS SECTIONS 

construction det~iis an for selecting the width of vertical 
columns (with or \Vithout well con5truction). 

- -·- . 

. . 

When activated this option expands toa dialogue box as 
shown in Figure 14-45. The box, titled Lag Plotting 
Style, offers by default the horizontal scale 1:100 which 
can be overridden.·It also offers a column width of S mm. 
Yo u will notice a small square box with the text Plot Well 
Construction. Click on this box if you wish well con
struction details to b: displayed. 

The lower part of this dialogue box willlet you select one 
or two chemical constituents to be displayed either on 
left or right side of the lithologic column. By default, 
none constituent ~5 selected. However, if yo u wish to plot 

Hori~ontál S cale 1: IIEll 1 

____ - ~ .::colum~ Width [mmTis- { 
. -:_.;::.;-3::_.' _------------ ~. ~=---.- .- --- - -~- D_PiotW-en Co~~truction- --- --

-- -- - _ _..; ___ . -·- _ _..;_··-

--~ ~. - ; 
·.-7'-::-Chcmical Constiluenls 

Tome Rightl<none> l±l 

· . ·• To the Leftl<none> f.!cl 

Figute.14-45 
•· 

a constituent, clicl<:-on the bar \vith arrows on either To 
the Right orTo the.:Left option. GWW will open a list 
with all chemical C:onstituents that yo u ha ve declared in 

· the Data Structure tó"ol on the GWW Main mimu bar for 
the application Con~entration~Depth. One example of a . 
list of constituents"is. shown in Figure 14-46. 

-~~':--- -~' --- _--' 

~~-~.;_·~¿· . 
~:.:~~

Edit Chemical 
Concentration 

,. -·-., 

. ·-
The second optioií. under the ·option rrwnu is titled Edit 
Chemical Conc.Params. It is intended to give you a 
chance to enhanéEi~the presentation by selecting severa! 

• 14.9.2. 

Parameters 

14-26 

- --::...;.::-:: ' 

.. ·- -. 
_-;~ .-

·. ~--- ~-. ,~ ... .:_ ,· 
;, ~7_:...._,._. 
. . 

-:-:''. 
-·~ 

-- .. ._ 
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attributes for each 
constituent to be· 
presented. When 
you click on Edit 
Chemicál 
Conc.Params, the 
dialogue box as 
shown in Figure 
14-47 is dis
played. Titled 
Constituents At-
tri bu tes, i t p re
sents the list of 
constituents ori 
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 wid th for 
plotting the concen
tration-depth dia
gram on the cross 
section. 

CROSS SECTIONS 

Horizontal Scale 

Column W.dth (mm] Lls ____ ...J 
O Plot Wcll Construction 

oi<. J 

Figure 14-46 

IM' 
Plotting 

"' 1' ''"·-· ·- ·¡¡ fiJI c=r: 1 HCOJ 
, ·W:oe t:d:klr~.· , 

Cl 
M in ~ .. 

SO< 
TOS o 1 1\()[ID 

1 

Wrdlh lmm_llor ero u; ~ 
5cc:I.Jtm plotbng 

O logarilmic DBar 
------------------------

1 Ca.D:t:tl · 11 .. l 

Figure 14-47 

Oi:i.e example of a Lithologic cross section with well con
struction details is shown· in Figure 14~48, and wi th 
chemical content cliagrams on Figure 14-49.' Both well 
construction and chemical concentration of chloride and 

·: .the total dissolved solids are shown in a zoomed portian 
-· of the same cross section in Figure 14-50. 
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Figure 14-49 
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= Line300-CI-TDS 

., . ' 

!:.::· 

. _·orHhe left si de (max. 220 ppm) 
~r· >· 

TD3.on theright si de (rhax. 2200 ppm) 
. ,.,...-· - ' 

Figure 14-50 
... --~ ..... 
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CHAPTER FIFTEEN MAPPING APPLICATION 

--~- ~ -

15.1 . INTRODUCTION 

15:1.1. General -.. Using this application you rnay create va.rious thernatic 
rnaps: 

• 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, TOS contour lines, contaminant contours, 
etc. 

• Landfill and other facilities boundaries, extension of 
contaminant plurnes, etc. · 

Trus application is a utility for creating IDé!pS, adding · 
legends, superimposing various lines, areas, pbints and 
texts, and reporting. It uses the information frorn the 
data' base, with the Make Randorn option (see Chapter 
Five) frorn other applications. It creates grid rnodels 
frorn random points, assodat.ing a value of a distributed 

_ parameter with ea eh cell iñ''the ino~el. 
"'~ - -... 

Location maps created in this application but based on 
the Random Model routine from other applications are 

· used. to ?elect working sets of wells directly frorn the 
map. . .. 

15.1.2. Application's As shown in Figure 15-1; the Mapping app!ication is 
r-~,:i_nt~nt-' Comprised of the fol!owing major options: 

.,_-~~-~ • Map 

• Grid 

• Randorn 

15-1 
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• A.rea 

• Line 

-- --- ' • Text 
-:....=:..:.._-:~~- - - --:-

• Help 

Map Grid Random Area .bine Iext Help 

Figure 15-1 

The sequence of operation is norrnally as follows. 

l. Youselect a coord.inate systern for a new rnap. This 
---=~~~~~~::;~:.=-:.:-·=· -:=-:-:=--::==:.:--:--:--:- means yo u se~c!_ tl1e_ range of )( and ral}ge-()f 'f val-
::: ·.-- - ues. Theny_2ud~dde on the scale_of_the_map,_check;__ ___ _ 

·~--.:..:...:::- =-= -~' 

-:-:~~'---
~_-_):;_~;- -_ 

-::;-:::::-- .. -:----

15·2 

''.-~· 

-the dimension of the map at selected scale. You select : 
sorne attributes for the map, such as fonts, colors, etc. 
Al! 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) crea te a grid · 
model from random points. This is done using the -
Random menu. · 

3. You enhance your map by adding various areas, 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 crea te a grid model from

random points, to calculate various contour·Jines, 
: and to add contours to the rnap. You may enhance 
your con tour rnap by add.ing colors to certain areas. 
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The Map menu serves to crea te a map, to assign various 
attributes to the display and report, to save or copy 
m a ps, 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. 

This menu is also used to selecta reporting form and to 
print a map. 

-~ ... 
Maps are created and saved as interna! files. After you 
create a map, display it on the screen, and print it, you 
may save the completed map under its own na me. 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 V.•hen yoil activate the Map menu, sorne 
oral! of the following options will be available, as shown 
in Figure 15-2: 

• NewMap 

• New Map Like ... 

o Old Map 

• ClearMap 

• Save Map· 

• Save MapAs.~. ... 
• Make Legend 

• Write Text to Legend 

• · Write Scale to Legend 

• Edit Parameters 

• Print Map 

. Newl.lap 
New Map !,)ke ... 
Qld Map 
!;Icor Map 

§.ave Map 
Save Map !!5 ... 

·. Make !.egend 
Write Tcxt to Legc,nd 
Write S cale to Lcgend 

fdit PZ~rameters 

Prinl MaP 
Prlnt Sctup 
Dimcnsion 

lmport OXF File 

Exit Alt-F4 

Figure 15-2 
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• Print Setup 

. • Dirnension 

• Import DXF.File 

• Exit 

I'vlAPPING APPLICATION 

15.2.1. New Map When you select New Map, the dialogue box as shown 
in Figure 15-3 will be displayed. It will prornpt you to 
define the mini-
m urn a nd rnaxi
murn coordi
nates for the 
rnap, tick dis
tance (the spac
ing between tick 
rnarks along 
axes) and scale 

Unl• lrn 011] 
Toct.. Ooo ... nca 1 

S<2>1u 1 

. -- _____ - ---e---__ - _:_e0!-x--ath··rne ·prnl·ae~o--Af~na:;::-===-=~~-~~;;------. -; - _ Figure-15:3--------- - -

15-4 

----'-- --- filled in Coordi~-
nate System Pa
rameters 
dialogue box is 
shown in Figure 15-4. It would be interpreted in the fol
lowing way. The 
m a p will origina te 
at the lower left xc.oM•~ 

L-~•·:·~~~lsz~'"~"~~~~ T:·~ls~"~"'~~~ 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 
67800.0,970000. 
Ticks will be 
drawn on the in
side of the rnap 

Y Co<>ra'onGie 

Frnm - j,JOODO 1 To 

Unll lm 11 

Sc:Gie 1: j Z<,ODIID 

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. 

Margins (mm( 

Lett l!f!lll 1 R1ght ~ Abave 112.5 1 Belaw 112.5 

Colors . 1· Frame ÚÓe ,¡. .¡ 
¡r· .~.B~«_,d..,.Eir->-,->-· ...,..,..;•!\ .c-<i. Un<>s » 1 

1 Backg1ound » 11 . Map labei >> J 

Figure 15-5 

Fant 

¡· í.iai> Lab..Í ':;.? 

Tick Hc1ght (mm( 

JI OO 

There yo u may control drawing margins, colors of vari
ous parts of the d.rawing, lines a[\d-fonts. Keep in mind, 
that the margins refer to the frame around the d.rawing, 
not to page margins.,This is nota "fit-to-page" drawing, 
but rather it should fit the reporting form that yot.¡may 
ha ve créated usíng the option Tools from the main menu 
bar, followed by Report File Editor. You may also mod-

-ify the defall.]t tick height of 100 rruit. · ·· 

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. Actual! y, yo u will use everything from the 

.. ~ ... "<;·87 .. · .. éiústing m a p except its content. This option is use fui 
when you are not satisfied with.the map content for 
whichever reason. Say yo u wish to mod.ify the legend, or 
you wish to change attributes for any line that is d.is-

15-5 
1··· 



15-6 

-·· .. 

CHAPTER 15 MAPPING APPLICATION 

played. When you select this option you will be 
prompted to specify which one of existing maps you 
wish to as shown in Fi 15-6. All will see on 

BASIC 

-
.'~:··::..:~:.:···· ........................ . 

Figure 15-6 

1 OK j 

1 c.;,.,¡ l 

1 tklel~ 1 

-- -----·- ----- _, _____ ---- _·-·:--_-,~-,== ---- ----- --
··::~-.--

·. '- :. 

-~:--::--·--:__::.: _----
15.2~Máp 

c:.-~---3'0~--..-

·.=----+------__;__--,...----'----

< <· 
' ,; .! 
.~;...' ---,-----+---'-----;--------'------,---

•.· . ~ : ' : ,.. 
·, ':•': ! ............. -........ : .................... ·,· ................. · .. . ~·-····-:--............... . ............. -:---··--···--····-------

; ................. : .... . . r-
o • <. 

t· •J· 
Figttre 15-7 

the screen will be .the coordina te system, as shown in Fig-
.· "ure 15-7. · 

· When yo u select this option the dialogue box similar to 
the one shown in Figure 15-6 w.ill open. The GWW pro
gram displays the list with all named maps saved in pre
vious sessions. 
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You will use this option when you will want to display 
the rnap, 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 screeri. The na me of the rnap 

· .. · will be displayed in the title bar on the top . 

~ NOTE. Always look at tlze tille bar to see zuitli wlwt you are 
currently working. TI1is ilelps lo prevwt accidental clmngcs, 
unwanted saving imd ovcrwriting. 

15.2.4. Clcar Map This option clears the content of the curren ti y selected 
map. What rernains is the coordina te "system", that is the 
X and Y coordinate axes, scales, and attributes. If you 
keep '\vorking with thi? "cleared" map and save it under 
the same.name, tl1at is by selecting option Save Map, the · 
previous content will be erased ("cleared") and the new 
content will be saved instead. 

---- --
·- · -- -- ·-,_.c--15~23-. -Save M-apWhen yo u finish working on a map_you may .\vant 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 i:frtder .:··. 
a different name. The option Save Map saves only undei: 
the sarne name as shown in the title bar. If this is an un
titled rnap, that is a new map, this option ~vil! be 
dill\ined, which means unavailable . 

15.2.6. Save MapAs... Whenyou work on a new map, this will be the only "sav
ing" option available. Yo u will be prompted to assign an 

15-7 

.. ·--- .-

.. interna! map name. If you worked with an existing map· · 
(yo u used the optioil O Id Map ), yo u will ha ve the option . 
to save it by selecting ejther ~ave Map, in which case the 

· .. · same rnap title wUl be kept and its content overwritten;·: - · 
or by using thé option Save MapAs ... , in which case yo u· 

-will assign another name to the modified map without 
affecting the content of the one yo u started with. In this 
second case the dialogue box simUar 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 options on the Map menu, Fig
ure 15-2, on the Grid menu, Figure 15-11 (Add to Leg- _ 
end), and on the Random rnenu, Figure 15-26, on the 
Area menu, Figure 15--±0, ancl on the Line menu, Figure 
15-46. 

1 S-8 . 

-.- ~--

. ~. 

The legend will normally consist of sorne text, scales, 
various points, contours, aclditionallines, such as rivers, 
roads, landfill facilities, mines, etc. Using this option, . 
you may position the legencl box onto the drawing, as
sign Its X and Y SIZe, and add some offset to the frame to 
move it from the clrawing's frame. 

The option Make Legend on the Map menu prompts 
you to select the relative position of the legend frame 
within the drawing. The dialogue box·· is displayed in 

. Figure 15c8. With a little bit of patience yo u may place the _ 

--·.·· 

4:12PM· 

Relate corner points of map and lcgerld 

Map Corner Point : Legend Corner Point 
Lower Left Lower Left 

~U~prtle r~R~iCghfltlllllil. U cr LeH . ' 
Lower Right Lower_ Right 

Additional Offsc~ 

xl 1 YL_:_j 

Lycnd Fiel~ Dimen¡ion !mm]! . 
~ ... y. .. . 

OK 1 1 ..... 1 
. . Ciln~t:l- . ~ 

Figure 15,8 .. 

. -;'~~~~~- ::;_; -.~,.~iegend frame t;. any place on the map drawing; either 
·. f:'c"~~. within the map or outside. You should be careful and · 

pay attention to .. the size of thedrawing field of the re
porting form thatyou will select for printing, as .well as 



. . ~· 

-¿_ 

. ~-. 
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· _ to the size of the ~-~P-drawing tobe placed on the report-
mg forro. ·:.- . 

v' 
.o:-:. . :· 

-;,:,:: Foí- exámples cin_·how- this· ffi_ay work see Chapter 14, 
· · Cross Seétions. > --'-.· .. 

-
' -~-- ...;: 

15.2.8. Writc Tcx't to Yo u may write sarde text to -the legend, line by line. Each 
Lcgend time you select this option, you will be prompted_for text 

- .. and for fonts for !:!'te text. The t¡?xt lines will be prmted in 
vertical successicin from top tO: bottom wi thin the legend 

- fiame:you desigñe(:l_using ttle option Make Legend .. 
-· .. 

-.;,- :_· -· . ;·;'". 
... - .·.~ ,_ 

15.2.9. Write Scale to · Using this optionJh_e progra!n will add the scale for the 
Legend _-_ ·map to the legengrr:':,.. . · - ·-· 

. ·.. - •' .;:.-·. ' . 
;f:s-. .{' ."": -

. - 15.2.10. Edit·~ You rnay edit ffi~ pa!ameterúf an existingmap. When 
~------- - Parám~~e~_:-:~yoi.í. se!éct ffiis optiQn;-the dialogue box as sfiown in Fig

:c.--. ::; ure ~5_-4 will be di.Splayed. Yoúmay modify anything in 
· ·:::~-'- thi.s box, althoug~)1ormally,.you will probably want to· 
... - change the scale;_~e-tick distai:tce, and one or more map 

....... 

-·· 

. '· . drawing paramete~s. Reme_~ber the More option (but
' - ;:.-,_ ton)- opens anoth~(dialogue -box in w hich yo u control 

'-:"":'.:::~dia\vin·g pararnet~rs: Figure-15-5. The normal procedure 
. ,}::_;_.- Úi editing map .pat-ªmeters \\'OU[d be to se[ect the SCale 
· _-' .. _<,, arid_then check the éli#lensioíi::(size) of the map by select-, 

_ :-_,: • ing the·option Di.m~nsion froin_the sarne menu. The dis- · 
---:~~------ -play ~ay loo k as>l)ówn U}, Figure 15-9. If not satisf~ed, 
_-· - . ~ - ·:... ·- . 

.·4:13PM_ 
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-;-· 
- - . ~-;~-t-~~-- . . - -- '· . --

you may return te:¡ ~e Edit Pararneters option and rilo_d-
ify the scale. --e --~ 

. ----: ... ~- ::.._ 

- .-.-

r5:2.1 L Print-Map ~ When yo u decicÍ{h print ~- rr\~p; the prograrn will élis-
- --- play the list of all the _availgble reporting forms. You may · 

select one -of the 'í<~rins, and the program will print the 
report. In the Mappmg applicatiori; there are two default 
forms: landscape.~~d portrait. -- -

. --

15.2.12. Print Settip This option is explain!!tl"iri'Cháptei" S, Section 5.4. - -

i- -. -. -
- 15.2.13. Dimensioil As mentioned eáriiétin paragraph 15.2.10.,_you will use. 

-. 

this optton frequeptly to checkthe size of í:he drawin-g. · 
The· numbers, which are· in centimeters by default,.:as __ _ 
shown in Figurd-?_~9; include drawing mátgins:The fol

-lowing is important):>"keep in _mind: Maps are printed -_ 
_ ·" . using either a defá,últ-reportirig form or bne which you·: · 

~'-o C:reated. When you-~eate ú·eporting forrn, you assign:. · 
.the dimension aiíctpósitiori of the drawing field. The di.-:- _ 
-mensions assigned'.using'the Tools option on the main> 
menti and ReporfFqr:m Editorshoilld match the dimen~ ~·- · 

· · ·sion5 of your curr_ent Íniip ·in· order to print its whote' coñ;~- · .· 
-~~~---- 't.._-" . • ~ tent: --_: . .. , .. 

.J:_, ___ _ 
-·· -- - ~-:;..;··- . 

-.~' ::_ ~ -.--
' ··,, e ··.: ·.: -- .... ,_ ... "; .. 

-- ---- -. -..~ 

_::,t.~-~ ·-- _-· .. ··--
~-~::~- ·', - .. -

---;--.:.· .... 
:...-!-: --- .:. - ---. ·- --~-. -... -' -

:·· ~- -<..>. -- -·' -
.,. --

'-._ . 
. ··.-,.:.-- . 

- --- .,_.,_ ~·1· _, 
...,. .. - ~ 
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-..:-. 

.···._ 
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15.2.14. Import DXF 
. __ . File 

·cHAPTER15 MAPPING APPLICATION 

One of the features of the GWW package is to that it al
lows files to be imported from other majar graphics pro

-·--- - ~- ~ .·· grams. One standard is the Drawing Interchange File, or 
DXF format, ¡:iroduced by Autodesk for AutoCAD and 
supported by most CADO 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 Unes . 'n"'m" .. c::ID=·· =-· ___ __J 

such as roads, rivers, 
and the like, and so me 
limi ted text. When 
yo u select this option, 
the program will dis
·play a dialogue box 

. such as the one shown 

Duc~;tory. C:'\GWO 

File :o: 

bii5Cmllp.IDd 
nvcrs.dxf 

¡ .. ¡ 
f•·l , .•. , 
(-c-J· ,.,., 
r¡-¡ 
-~-1 

________ .... --.....,----'--~--:--'-i Tt--F i g u re 1 ~:J.~~~ ___ __:: _ __:__~ 7 .,.-
. prompting yo u to:se-. . Figure 15-10. · · · -~--:..~.--''-

. -.. ,.._ 

- led a file with a .dxf 
.extension. The pro-

-· gram will then translate the file and display the range of · 
· X and Y coordina tes and the range of Z values for con-· 

· touring on the scréen. · _ . 

~ If yo1.1 do not ha ve a new ·map displayed on tli.e scr~en, 
... - this is all that yo u will get from an imported .DXF file. 

However, if yo u know the range of the X and Y coordi
nates and ha ve created a new map befare importing a 

••· ·· .DXF file, the GWW program will translate the .DXF file 
· and plot the CSJfitOurS onto your map. 

-..... Qn the distribution diskette you will find'one example· 
~~.::.>"'"~ ·--:,_: ·p¡With a .dxf contour file labeled as basemap.dxf. This is a. 

· ·· _C;''~~-:~- · '· .- direct output file from A u toCad. To rejilfoiiuce the máp 
· ":~,;',~-;;:{ · do·_the following: ·• · 

: .. l.:From the Mapping application men~ select Map. 
-~ .... :. 

15- ¡-¡_ .· 
_-_.., -

.... · 

. ' .. 

... 

- - ~ 
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CHAPTER15 MAPPING APPLICATION 

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 b_)'line. It is a huge file, and it 

.: will take sorne time toread· it all. When the reading 
· is done, there will 
be a window dis
pla ying the range 
of the values of the x- coordinate range 
X and Y coordi- -9275.21 to 14642.41 
nates, as shown in 
Figure 15-11. The. 
range for the X co
ordina te is from -
9275.2 to 14642.41, 
and for Y coordi
nate it is frorn -5199.09 
to 13384.33. · 

3. Remember the ranges 

y- coordinate nmge 
-5199.09 lo 13384.33 

· Figure 15-11 

of X and· Y ·values. Go to the Map me~ u and select · 
New.Map. Fill iri the dialogue box with the following 
values: X Coordina te from 12000 to 13200, Y Cóord.i
nate from 4000 tO 4800, Tick distance 100, Sea! e 10000 . 

. Wait un ti! 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 cm for selected scale 
and selected range of coordinatevalues. ""' 

Figure"15-12 

,.: .. 

-- . 

_ ..... 
. ;,_: . ' 



· .. ·.·. 

~ .. -

. ........ '). 

15.3. GRID MENU 

CHAPTER 15 MAPPING APPLICATION 

5. · With the map. coordina te system still on the screen, 
select again'1(port DXF File. The procedure in step 
2 will be repeated but the prograin will continue with 
plotting the.map content,-that is contour lines, roads, 
etc. When you zoom into a portian of the map, it may 
loo k as shown in Figure 15-12 .. 

15.3.1. Contént Tontom rriaps require da.ta to be in a spedal regularly .. 
spaced format befare such maps can be generated .. Grid-

-_d.ing is the process of taking randa m data (or dáta at ran- . 
- dom points) arid through interpolation and 
- extrapolation conver.ting the data to the regular! y sp;3ced. 

_ forin, ':"hich is then used to crea te a surface repre-_. -· · 
___ · · -~-.- - ,:; . . sentation. Gridding is the heart of tl1e_1i~ppi~g applica-. 

15-13 

- - -~::-_.:__~.-:c)ib.E:prógrarri:-~- ~~·.--.:---~,--~e-... . __ .:__ ~ . _:._ _ ~ 

Remember that the term GRID may imply an empty 
· model on one hand, ora grid model in which every nade -
has an assodated "Z" value on the other hand. The "Z" 

· value can be ground surface elev~tion; static ci1' any 
wiúer leve!, depth to water table, total dissolved solids, 

·.:-- ···:·~"thickness· of an aquifer, elevatión of a stratigraphic con-. 
· . -tact, concentration of a contaminant; transmissivity of an 

aquifér, and much more. · 

The te~m model implies a rectangle made up of rows and. 
·.- · c6lumns. The-gridd.ing routine attempts to interpolate a 

"Z" value at the intersection of ea eh row. and colurnn. 
- --, --· -Thls iri.tersection is called. a nodeo'Smoothn~ss of the final 

. ~-~~ .:<:-: -, contours is.normally a function of.inputdata, grid den
:_;:.'::_~_~"'-· : ... ; _, sity, and search parameters which are built into the pro e 

._ '0~?,:~~;-; -__ ·:.',·e:. gram. You may override this last pararneter byassigning 
· '. _ ~-more Or less importance to distant points: 

·- - -'·· 

--·· -·-

... :. 

.. " :._ ·•·· . . -
. -·-. 

. ···- . 

..... 

. :. 
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The second option on the·ap
plicahon's menu bar, Grid, is 
comprised of the following, 

_ _ asshown in Figúre 15-13 (no
. ·· tice that not al! options on 

this menu are available a·t all 
times): 

• New CriC! 

• New Grid Like ... 

• Old Grid ., . 
• Save Grid. 

• Save.Grid As ... 

• Edit 

o Add Contours to Map 

• Add Color Regions to 
~--. · Map · 

• Add Area to Map 

o Add to Legend 

· • Make Grid from Random 

• Make Contours. 

• Make Color.Regioris 

• Sei SubgridArea 

•· Get Subgrid Area 

• Clear Subgrid Area . 

MAPPING APPLICATION 

.~· N.ew Grid 
New Grid b,ike ... 
Qld Grid 
--~ ~ -. ' _ 

S ave Grid As ... 

~dil • 
Add Conlours lo Map 
Add Color Regions To Map 
Add Area lo Map ··· 
Add lo Legend 

Make Grid from B.andom 
Make Contours 
Makc Color Regions 

S el Grid Area -
Gel Grid Area 
Clear Grid Are a 

Standard ASCII 1/0 • 
·autputto DXF File 

Figure 15-13-

- -· :,;~ 

"""'-

. . -~ ·-
· · • Standa~d ASCII I/0 

Iff"-?i~ -~ . • Output to DXF File 
::=::;.~_:_~--~ :~~-

You use the New Grid ophon in the same. manner that · 
· . you use the New File·option. Yóu will be prompted to · 

define the model, that is i.t!?,OJ.igin (Xo and Yo), which by · · 
. ~- . . . . 

------------~------~-
15-14 

........... 

-··-. -. 

•••• f' 

-- -·-·-

·-·.-.4( .. : 

. ~-: .. 

_-_; . . . . 
Jf,. '!"· 
·. ~; 



15-15 

:~·-

---·· 
CHAPTER15 

definition 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 Minimurn X and Y coordi
nates of the grid model; 

Dx and Dy The distances in units of 

MAPPING APPUCATION 

xo,i=l===~ 
Yo 

'-----.,--..1 

Di c::=J Dy r=J 
N> c:::J Ny c::=J 

1 DK . l [ concol 1 

Figure 15-14 

length (meter, feet, etc.) between X and Y grid Unes, re
spectively; 

Nx and Ny · Number of grid lines in the X and Y dirnensio~. 

The number of grid linesin the X and Y dimensions must'-
. be a positive integer (without a decimal póint) 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. ce!ts, ·the Dx and Dy values 

. ~spould be e"qua:r: It is expected thatfhe.interpolátíon
process will be finer, smootheror better when the num
ber of grid lines is increased and the distánce between 
lines reduced. How- · 
ever, the process of 
calcula ting contours 

_ takes longer. _- · __ 

~~=-=-=-~=-~==~ , .... .- "'" ' - ~ 

~~·~-<[ffl~<>-:::: Grid Pt~rame1"f'J.".-, ,' .-;: 

One example of .grid 
parameters is shown-. 

· in Figure 15-15. The 
model covers an area 
from X minimum 
628000 to X maxi-

. -Xo 1628000 

·. Yo 1938000 _, · 

DxllOOO DyllOoO 

Nx lso_ 

¡: 
1 

rnum 678000, that is figure 15-15 

~~~~--- -- . ~~n~~~~~iooo to Y maximum 97oooo, ;~t is 
- 32 km. The discretization of the space is _done with-50 · 
. columns and 32 rows, each of }OOÓ m lengtj1: 1ñüs the 
_ rnodel cells are squares of 1· km ea ch. _ . :: 

- .. · .. 

. -
. _.,., .. 

... .. 
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15.3.2. New Grid Like ... . When yo u select this option only the grid parameters as 
displayed in Figure 15-15 will.be copied from the se-

-- ··:~· · · · · · leéted grid, not the "Z" values which are normally asso-
ciated with each grid cell. Using this option you accept 

· the same size, spacing and density of the grid model, and. 
intend to use it for crea ting a grid model of another "Z" 

~-- · pararneter. The dialogue box such as the one shown in 
FigurelS-16, offers you alist of all available grids. · 

SeleQ Dll E.xlsbn¡¡ Gri~ 

1 . 1 ~· 
~Gro~o;.z~========~l=o=.~--.1 

· w107-11 
. wl87-7 r:::::=7.1 

~ 
1 ,;,¡;, 1 

Fi:?'!re 15-16 · 

GRJD-Z 
gru~-1 
w187-11 
wl07·7 

Figure 15-17 · 

~ 
! c.otti 1 

1 ,.,;,. 1 

15.3..3. O Id Grid- Yo u wltl select an existing grid to rnake contours or to 
add color regions to your rnap. 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 yo u selec-t an existi.T;¡g grid and use it for whatever 

· reason (the rnost obviotis one is ·to make contours, dis: .. 
play thern and print the contour map), you may save it 
under the same name as the one you Ü:sed to select the 
griq,.Yoú. rnay rnodify the grid by reducing the distance 

· ·· . between the X or Y lines, or modifying the grid coverage --' ~-

. ·>··o·.- .e __ . by changing the number .of cells in X and/ or Y dimen-
5-'.::~~ ·. · sion. Whatever rnodification you make, you may save .. 

'~~~:;i~ .. ~~:!}~~~~~¡~ t~hr:~:::~~:~:~~~i;o~o;::a;~d:~~ . 
- · · it. If the grid yo u are wórking on has not.previously been 

. narnec1,(e.g. you are creating·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 lets you entera name and 
path. 

NOTE. Tl1c grid ¡wmes are intcmn! ji/e !WIIICS, 110! ASCII 
files. Yo u may e reate equivalrmt ASCII Ji! es uszng anotlzer op-
tion 011 tllis menu. · 

. By-using this command to gi1·e your grid a different 
name from what it had, you can save the current 
(changed) version w1thout disturbing the original ver-· 
sion. The name should be differerif frorn any other file; 
otherwise you willr'e"prace the file that already has that 
name. This option displays the Filename dialogue box 
similar to Figure 15-16 or Figure 15-17. En ter a name and 
pa th and click on OK, and 

· GWW creates another interna! 
file 1Nith that name. When you ;~·Edil Grld farámeters ·. 

reswne working, yo u are work Edit Contour ].evels • 
Edil Contour !;!tributes , 

ing in the new grid .. Edil Color !ntcrvolo 

15.3.6. Edit . nie option Edit on this menu 
- Ópens_ up with additibnal-op- __ 

.. , - ---· e· _ mifis.:Tnese :-options are- 5]1own -• 
Figure 15-1 S 

.: -_- •, e 

. 15.3.6.l.Edit Grid 
Parameters · 

in Fígv.re15-18.-The mdjor op--~ 
tions for editing are: . 

· - • Edit Grid Parameters 

• .Edit Con tour Levels" · 

• Edit Con tour Attribut_es 

• Edit Color Intervals 

Üsing this option, yo u ar:e. gi.ven another chance to mod- . 
ify grid size, coverage and density. The dialogue box, 
su eh as the one shown in Figure 15-15, will be displayed. 
Remember that by editing, that is, changing grid pa- · ...... - -·· 

.. , · rameters of an established grid; yo u are losing its con-
.·· tent. In other words, for any change you need to make 

the g~id ágain ('Make Grid from Random'). 

· 15.3.6.2.Edit éontour 
Attributes 

15-17 

After you select Edit Contour Levels, the program al
loí:"s you to select Main Contours or Auxiliary Con-

"> .. 
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tours to edit, as displayed in Figuré 15-19. In the ternli
. nology 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 con"tour labels. 

Whlchever contour yo).! select, main or auxiliary, GWW 
will open a dialogue box giving you anopportunity to 

··:·modify or control almost every attribljte of a contour 
line. Thls is normal! y line thlckness, line pattern (solid, 
dashed, dotted, or combinations), !ine color, fonts for la
beis~ etc. 'rhe display is 'the same as shown in-some ear
lier figures, such as Figure 14-31 in Chapter 14. . . 

J5.3.6.3.Edit Contour 
Le veis 

GWW assigns some default 
· rninimum and maximum con~ 
tour levels and 'con tour inter
vals, depencpng on the range 

M<Jm Lovols 

-'.: 

15-18 

.· . 

·~. 

·•-
, ...... of the "Z" values found in a 
., .. grid. However, this may not 

·be ;\•hat yo u want to use. Af
ter you select Edit Contour 
Levels, GWW will display the 
dialogue box· as shown m Fig-

. \Jie 15-20. You may now edit. 
either main levels or auxil- . 
iary levels, or one after the· 
oth1Ú' . 

· If yo u select the Regular Val u es 
option, GWW will open·anothér 

P~ > ·' dialogue box as shown in Figure 
. {~:'"""~ .• ···- . ' ~;15-21. There you should speéify 
.. •;~~o;¡; .. the minimum ·a-nd-the .maxi

.··. .. 'mum contoilllirle levels and thé 
· --. step. Th.e program will then· 

make contours,_a t eq~ally. 

, ..... 

_ _AUXIIIIary Lovcls 

~~.V~-
: F .. ··Ed~- •,J,;: . 

_.From ~;=·====::!, 
To 

S1cp 
~===: 

1 · o~ . · 1 1 enneo~ 1 

Figure 15-21 
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· spaced interval{using i:he step yo u supplied in this box. _ 

If yo u wish to sp~cify giscreet 
~. -· :-.:e;_ con tour levels for plotting,-

ra ther than equally spaced in
tervals, use optiOf! Edit and 
specify an irregular number 
of data units between éontour 
lines. Contour levels 9-o not 
ha ve to be in any _specific or
·cter, or equally spifced. One 
exarnple of editing c6ntour 
levels is shown· inJigl:Jie 15-

-22. 

-_ - ;.: . 

""':.::. · .. 

. . :-· 
.... ~. -.- •' 

-_-: .,......,...._ __ ~---

-~--- --. 

" 0000 
60 0~30 

" OJJO 

" 0~00 

" O~JO lOO 0000 

1 01< 11 can~ol ,. 1 
Ctr1-l=lns l.Jno. 
Ctri-D=OcllJnc 

Figure 15-22 

- 15.3.6:4.Edtt Color ~--C~ :·This option· is used _ _to··sr.ecify color intervals'and color 
lntervals ~· :- "val u es _for varioús intervals. The option will ha ve sensé . 

15-19 
- --~-

. -

. _, ci'ii.ly if youwish t~ pÍ:Ínt a contour rnáp enhanced with 
· · · color intervals. For. this yo u need a color printer. When 
_ - · you select this coiruriand, thE;. display will be as shown in 

, __ ; --Figure 15-23. Thep_!o~arn·has preselectedsorne default -
---~::~~ - ·-;-·_ -~- ' ·_; - . 
. ·~ 

~~- •, .. 

··.'- - ,. -

. -
- :: - -- '¡ 

_. ·- . -· ___ ;:J _.,-

. -- ··:. -·.:...--

... - _ ... · __ --

.. -· 

'' 

--.-

.--.. ... - -

__ ;. ---

.. • 
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. '_:~: ~,.. ._ . 

intervals for you.áJ.i"cLhas assigned a palette of colors to 
each interval. You'rii!l-Y override this by clickingwith the 
mouse any inter":"~Fyou wish to modily and by clicking 

. _ . _ on a color from tli_e;color palette displayed in this di a
'. :.· logue box."You n1Jiyéa_!so edit intervals for coloring. Just 

as in the option fo(setting contour levels yo u ha ve two 
_ options: (1) Set Re-~ár, or frorn the rrllnimurn co"ntour 

leve! to the rnaxirzmm, :a:nd assigning sorne uniform leve! 
step; (2) Edit, in_\v_ljich-case you type any mterval you 
wish. · -~' •• :.: :.._: • ., •• ... _ · 

Add Contours to · · This command is ifi.F~~pieted.byCWW as a combination 
Map · _pf two commands:::.· · · 

~-: '. ::: 
· .. , . • Make contours:·ajl~ ··_ 

• Ádd contours:fi:ftl:ie map 
. ~-·- -~ 

. ": . The prograrn calcllli~s éóntours frorn the curren ti y se
--·_ .lected grid file, usiñifllie currently selected contour lev

.. · els and con tour attnbútes and draws the contours into· 
·: .•.. the map, displayiñg"hif!samé. . 
. .. . . . , ~.·. : .. :.; -':'-a .. ~ . 

·'" ·· . This option will be;tváilable.only if you have-'Selected a 
· -: grid with value_s at-!fi_e interseroon of ea eh colurnn and 
· .. row. In other wor.c!~¿;you rnust h<¡"l¡e used the option 
· .-:·Make Grid from R~dom Points either during the cür-

-~'._:-:e:nt session or ear:~f~ ~ ___ ;, · .. -· · 

• ' • ' • -. o<'"'T• 

- ._:,_::_; .. · - - -. _. _ _.~~--~-~~.: ____ · - :-- .· -. _, . . -· 

15.3.8. Add Colór · J"his command is 4ít_~i:preted by GWW as a cornbination 
Regions to Map :,, of two commands: ·;::C · ·· _ •· .. · · 

·. ·-.~.... . - - . <:;;-:._~=--- ;:·: . . 
. ,_:::., _ ~ Make color regi_ons; aná·: ·. · 

$~' -~~--~~~2:'- Md ~~lor ~egi~Ji~ ~e- ~~t _ _ _ 
;:_: ~.,_~ · :. -.-:>~:Ihvill be available':onJ.y_·if. yo tipa ve selected a grid with 
''~....::-; .• "" ·.<._,:_..:,.: valués at the interseétion·of each colurnn and row. In 

- - -:: ':~~_,other words, y~:m t!!~lf~uiv~ used the option Make Grid 
· · .. •:. ·fiom Random"Poii:!_~:eit?_er·dilring the current sessión 

-:-I-:::5--z=-o=----'---'-· -,_.,:.,..:~'....,"~ :: '"li'~ >-f/ :_- . 
;~i~ -· '· ;"~;t_:, __ T:: · 

·-·-·- ~ < . . ~:, ._=~[-~.~-~.~:.~.--.-·- . -~-; 
· . ...: -:-:_ ~~: 

_:.·::_~:::._ . ---

. -·. 

. .. -~ _,. .• 

__ ,., .. 
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_15.3.9. --Add Arca to This option is added to the Grid menu for convenience. 
Map Areas will be explained further inSection 15.5. Although 

_ you may crea te many areas, that is, closed lines that en
. circle a certain portian of the map, and give them differ

ent names, only one area can be selected as the current 
area. Yo u may add this area to the map in this menu or 
in the Are a menu. In the latter yo u may edit plotting pa
rameters, make an are a transparent or not, assign differ
ent !in e pa tterns, colors, étc. 

15.3.10. Make Grid _ 
from Random 

.This is one of the most important routines in creating a 
contour map. Befare you can make a grid from random 
points, you must selecta random modeL TheRandom 
Model menu is discussed in Section 15.4. and its sub
sequent paragraphs. 

-- ,,,--

. ·---·- ---- ---~_-•," 
-~-- --- ~--- -

- ------ --·.-

This is a comrnand which interpola fes and, if necessary, 
.. extrapolates :values of.the-"Z'' parameter frc?in-discrete 

_. . 

- .. 
'-- __ -. _-:::~;-_:._,-~-- • -random póints to· the regularmodel:'f;rid: Io n-\ake it -__ 

-•--:·:~~=-- · _ ·: work yo u musrha\'e a curi:entfy-selected random model-
--~:·-· --- .. , 

- . _·- ' -

-_ --. ·------~--
--- :· -

--_·-anda curren ti y selected grid. If one óf these two is miss-
-ing, this comrnand will not be available .. _ .. 

- If you do execute this comrnand, you-may use itsresults : 
to crea te a con tour map,_to save the grid selected but now 
with associatéd \'alues at the intersection o(each colurnn- -, _ 

- and row •in the model, or yo u may save the. grid in an 
ASCII or DXF file. - -

.··._-

'1,---5.3.1'1. Máke Contoú.rS -This is also a corruT!and which will be available only if 
'- - . . --~ -, • -. .you ha ve selected a grid which has calculated values at 

- _ .,. -... _.. the intersection of ea eh colurnn an9 ·row. The comrnand 

- --~.i.i_;:_}.-_:" .. -- --:it~v~~! ~~?~;'U:~~~r~~~ ¡~;~;:~;s t~s lta~,n:~de~~ 
_ _ _- · · - ¡)lained in 15.3.7.. -

........ · 
-,_-

_,_ 

.......... 

-·Js- 21 

- :-; __ 
. ·-- . 

... _ 

:- .. 
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15.3.12. Make Color 
Regions 
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This is also a conunand' which will be available only if" 
you have selected a grid which has calculated values at 
the intersection of ea eh colwnn and row. The command · 

. will not display <;:olor regions by itself. For this you need 
, to activa te the conunand Add Color Regions to Map, as . 
explained in 15.3.8. · 

15.3.L)."Sct Subgrid 
Arca 

· This command is used to make contours within one or 
more closed areas. It is equivalen! to blanking specified 
portions of a previously created grid. You may blank inc 
side or outside the subgrid area. The subgricl area is an 
are a digi tized by yo u using the Are a menu or inputas an 
ASCII file also from the Area menu. lf the area was d.ig- · · 
itized _using a clockwise dire~t\¡m of d.igitizing pqints, 
the area oútside of the subgrid area will be blanked and 
contours and/br color regio~.)'Vill be applied only to the 
interior of the subgrid area. The opposite is also true. 

. - . 

'· .. ,. -· -.-..-

. -·---

A subgrid area inay contain more than one area. Yo u will 
learn.in Section 15.5.2 to create an area file with moré 
thim one area. Yo u may also crea te subgridare_<~s using a 
digitizing program or a text processor from outside the 
GWW package: A portiopOf a subgrid area, saved asan 
ASCII file, is reproduced below. 

2396063.0000000. 
2396602".0000000 . 

. 2397164.2500000 . 
2397333.5000000 . 
2396552.0000000 
2396070.7500000 
2396063.0000000 
¡• 

403318.6875000 
403703.6875000 
403684.4375000 
402960.6562500 
402594.9062500 
402879.8125000 
403318.6875000 

403703.6875000 . 
403850.0000000 . 

.. 2397834.0000000 
< . . . •. 2398492.5000000 ···.-·. · ·; ~;~:-~::.~m~i:~~: · .. 403195.5000000 .••.. 

402779.6'875000 
403368.7500000 
403703.6875000 .. · - 2397834.0000000 

. ¡.• --·-

. 15-22 
- '-· 

_.-_ --
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This 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.lf this 
area is "set," the contours will be produced in these two 

-closed are as onl y. -

15.3.14. Get Subgrid 
Arca 

Yo u máy ha ve 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 combmation of commands: select and seta sub-

grid area, , 

·. 15.3.15.Cicar Subgrid 
Arca 

When yo u wish to con tour within the en tire rectangular 
grid which is specified by the currently selected gria, 
and you have previously seta subgrid area for contour-_ 
ing within a closed area, youwill use this command~o 

_ _ . rernove the subgrid area and return tO: contouring within __ 
-~' ~ therectangular grid. · ·· 

~· - ··-·. 

~--

15.3.16. Standard 
ASCII lnput/Output 

Yo u rnay save a giid"i:iiodel·iiÍ an ASCII file or inpu'tthe· · 
grid model frorn an ASCII file. This file could havebeen . 

- .... 

15_- 23 

-· 

creat~ by GWW or by any other by SURc 
FER T . When yo u select this _ . -· 

_ - o¡:ition thé··memu option ex- ... 
- -~,- pands to two options: Input 

.. ·.:·and Output,as shown in Fig- · Figurc15'24 

· _- ure 15-24. Yo u will select In- . 
-- . put if yo u wish to-read an existing grid 'rnodel from ah 

ASCII file, or Output if yo u wish .to write the grid modef· 
: created by GWVV toan ASCI file. A portian of the ASCII 

· -_ --file with the grid model·is repr?duced ~elow _-

....... --
- '¡· 

_. ... , 

~- --
. - _.; 

- _ .... t.'l _,_ 

... ------ -.-
'.' . ---- -- ·..._, __ 

~ ... 

.. 

- . -. 

.:·.- -. - . - --.·. . . 
. ·_ ' .. 

-~- . 
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75.9089 75.9592 71.799·1 71.9027 72.0099 
71.6541 71.2471 71.3617 71.1524 71.2424 
71.3354 71.4302 71.5275 70.4314 70.5159 
70.7258 70.9576 7-!.2168 71.5073 71.3087 
71.6741 70.9735 .. 73.8004 75.6722 75.8195 
75.9-186 76.0329 76.0291 755818 75 0766 
7-1.4473 73.738-1 73.0179 72.3480 71.7709 
7l.2997" 70.9180 70.673-1 70.4999 70.3836 
70.3149 70.2850 71.5821 '- 71.7099 67.9782 
67.9-163 . 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 70.4-1-12 70.6280 70.7216 

The grid is the same as shown in Figure.lS-15 with 50 
colurnns and 32 rows. GWW writes five numbers in ea eh 
line of the ASCII file. The format is fiee, that is numeric 
en tries are separated by one or more spaces ora comma. 
_The first ten lines of this file represen! "Z" values for row 
one. Remember that the model is made cif 50 columns 
and 32 rows. The ASCII file should contain 320 rows, 
since ea eh row is written in ten1ines, ea eh with five mun- · 
bers. 

When you decide to write a grid model into an ASCII 
file, the program will give you two options for the brder 
of writing the numbers: · 

J,:, From the minirnum Y value to the maxirnum Y value, · 
that is from rowJ to the last row, which is row 32 in 

-this example. This is a normal way ofwriting the file; 
tb.e one which follows the standard convention of the 
coordínate system with the origin in the lower left 

.--corner. · . -~" '• 

2. Frorn tll.e maxirnum Y valÚe to the minirnum: Y ~alue, 
which places the origin of the coordina te system into . 

· the U:pper left comer of the módel.. This is the input 
required for most of currently.used ground water _ 

_ .:c.. -mathematical modeling software including the_· 
. · U.S.G.S. MODFLOW, the Unitéd Nations GWMOD, 
. -- and others. With this option in GVf'N, you may crea te · · 
··· input data files for your modeling software. 

· .. ,_ . 

:·· ... 

';,_ 

--... 



-·-=--- ~::. 

-. ·-

~- .. 
,-.-. 

15.3.17. Output to 
DXF File 
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You may also export the grid model as a .DXF file. The 
values exported are the coordina tes of the intersection of 
ea eh row.and celi and the '.'Z". value associated with ea eh 

~- ~ ... intersection. You may input sud1 files in AutoCad and · 
é:reate a three-dimensional contour map. Befare GWW 

· . creates a .DXF contour file, you will be asked to select 
which !ayer yo u wish to ha ve written to the file. The term 
"!ayer" 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! eleva tions or· depths, or 

. any other numerical space-disc 
tributed para1neter. 

;, -

rn.,..,.. ~)i!:i:J~· ==:::JI U1:J 
¡,..., 1 

· When yo u select this option 
yo u. will be promp.ted to select 
a file name, as shown in Figure 
15-25. 

LJ " ~· ,., .... ,., .-

.... ,_ .... 

"' -~--' 

-·_Figure 15-25. 

e:;·· • .:. ~: -:. --::-""':;__ -- _-::....:..=-: ·:=-----_ ---;- __ ,;_---- --~...--- -- ·- ----
-- . -- _·. 

-~--------

.·-; 

15.4. 

RANDOMMENU 

The Random ill:enu op
··tions and comman:ds are· 

shown in Figure 15-2"6. 
·with this menu you may 
input one of the .existing 

- random models which 
·:yo u may have created us-

. · ing any ~WW applica~ 
tions or whiéh you rriay 

< have.Ímported as ASCII' 
· . files created withiri orout

side of GWW. 

. ... 
~--·~"·· 

:: New Random Model 
Qld.Handom Model 
liave Random Model 
S ave Random M o del ~S· 

Add Points to Map 
Add Labels to·Map 
Add Values to Map 
Add to Legend - ' ..--

Show Parameters .. ·.· 

···J;:-dit 'Pioning Pa'"m"eters 

Standard ASCII Input· 
Standard ASCII Output 

Figure 15-26 · 

. .. _ 

15-25 

--- .. -
_,,, 

--···· 

··-~ ... ' 

·,·. 

''·. 

• 
.~· ..::._. 

- .- . 
. . . -....... -

'· .. 
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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 yo u will use the Line menú, to add are as you will 

· · · use the Area menu, and to add text vou will use the Text 
~ .. 

menu. 

~-- ~. 

15.4.1. New Random Random models are created in applications other than 

... 

15-26 

Model' · mapping. Random models are interna! files containing 
for each point its X and Y coordinates, the "Z" value 
which could be any numerical d.istributed paiameter, 
and the well or point identificatioh name or number. It 
will be easier to understand a random data file in an AS
CII forma t. One of such files is partially reproduced be-

·, ~~ . 

. low . 

·-
. 657900.0 9..19000.0 6.630000 PO-I 

660000.0 953500.0 7 . ..150000 P0-2 
657800.0 945300.0 7.570000 P0-4 
654500.0 . 941000.0 6.6..10000 P0-5 
675800.0 962300.0 5.000000 SRRG-10 
665000.0 958000.0 13.71000 SRRG-7 

669000.0 959200.0 11.32000 SRRG-8 

The fii-st co!tcim is the X coordina te of .the point, the sec- · 
ond colurnn is its y coordina te, the third column is its "Z" 
value, which in this case is the depth to water table from · 
a measurmg point. The last colurnn !s the well identifica- · 
tion. · 

You may create such files using any other software, not 
necessarily the GWW package. The format of data is free, 
that is column values are separate'd' by one or more. 

, . spaces. · 

~.::. -~~ ;-:· __ ._ You are advised to. always starr with this option since 

---~----_=-· _.= __ ·_=·=c'_.~:r~•~_::._~ .. ~:·... . . ..:whatever yo u input as random points will sünplyadd to 
-"'- __ . • ·whatev-er you m¡:¡ycurrently have in the memory for 

.. · - random rnodels. By seleding New Random Mod~I you 
guarantee that your nex't step, the selection of an· old ran-

...r.-.·· 

....... 
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dom model, ora standard ASCII file input with a ran
dom model will not mix with an exisbng random model. 

When yo u .select New Random Model yoú will be 
· · ·· prompted to ans·wer severa! qúesbons;such·as Coordi

nates Unit, and ls Z-value dimensioned, and to select 
· type of units and unit for Z values. · 

15.4.2 .. Old Random If you ha ve used Random Model in any other applica-
Model tion of the GWW package, yo u ha ve created one or more 

random models to 
which GWW has 
given interna! file 
naflleS. Using this op
tion, you will be 
prompted to select an 
existing random 
modeL The·dialogue 

. box isas sho;vn in 
. -~ - Figure 15-27. In this .- · 

Sclcd an Exishn!J Allndom Modc/ 

WL87·11 
WL87-7 
z 

1 OK j 

1 Dolole 1 

.... -.- - _-. __ -_-_: example w_e have--
~'--~--------:-:-.--used-masterdata ap- '"------------..a 

··-· 

... 

- · plicabons to crea te a Figme 15-27 

~._.:.;._ 

random ~.Qdelwith . . . 
all ;vells o.f whlch the ground sur fa ce ·elevaban is known 

_ "(Z randa m model), then we used a hydrographs applica
bon to crea te two random models for water levels injuly 
1987 (WL87-7) and in November 1987 (vVL87-ll). J;):le 
nanfes of these models are the ones we ha ve selected. 

If you ha ve not created any random model in any appli
·cabon;you cannot use this set of routines. You will have 
nothing to plot. 

-· -. ·when a ·randqm model is input, either intern<:illyor asan 
:;._::~ _:~ :·-,·.-->·ASCII file GWW will inform yo u about random model · 

:. ~~~~:- · · ~:t~:~:!~p~e~n0~ ~~~~i;;:e~:;~;~::~~~~:~v~l~~;~ 
ure 15:28. Notice that random models are dimensioned, 

· that is the coordina tes ar~'either meters or feet, and Z- · 
values are either dimensioned or nonclimensioned. 

15-27 --

- ·-. 
- .. "' ,~ 

•· 

. ··~--
... 
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15.4.3. Save Random 
M o del 

.. 

____ ; 
. --
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V~lue~ ¡ t 
1:120- IQ 51000 

Numb~l ol pol~ts 221 

1 O< 

Figure 15-2S 

This fóütiné.is used only when-you wish to input aran
dom rrtodel ASCII file and save asan interna! file within 
the GWW data base. Norrnally you.would inp_ut an AS
CII file, which will contain the following inforrna_tion: X, 
Y, Z, wellidentification. You will then save this model 
under an interna! GVvW narne 1.vhen prornpted for this 
as shown in Figure 15-29: 

Sftvl'.: Random modcl 

jTDS-Kh_obzwrdm 

CI-H11lilax •· 
Mg-MLIFAX 
Ob~Well~:i4-rdm · 
TOS-Khobtu·rdm _ -
TDS-Muharraq 
TDSAJI 
WaterOeplhAJIAquilcr::ol 990-G 
Walcrleve1Khob.ztr15069J 
Waterlcve1Khob.ar1990·6 
X·Khobar-Obs • 

f-~ ¡.;..; 

1 

X-PTcst + 

Figure 15-29 

1 ._OK l 
1 Ctutcel J 
rodete 1 

-- ,· 
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15.4.4. Save Random 
ModelAS. 

Yo u may save.': Cüfr~ntly used random model under the 
name of an existirig randoq:i model. This will replace en
tirely the conten,tof the infernal file which contains aran

~· -·· 

15-29 

.. -· dom model. It is _impo_rtantfouñderstand that youmay 
.·. not.have more thJ~2ne r~~dom model open'at a time . . :-.e- -

--". 

15.4.5. Show 
Parametei"S 

This is -ili~ optiór; ~hich displays only the range of val- • 
ues for X and Y cóórdinates and the "Z" value. One ex
ample is showri in Figure ·IS-28. You cannot ~-dÍt these 
values:They seive onlya:s a _reminder andas a check that 
this is the rriodel that you wish to work with. · 

15.4.6. Edit Plot 
Parameters 

When you select;th~ ¿ptio~ Edit 
Plot.Parameters/ yó'u wÚl be 
given·a chotee ofthree entrie;; as 
shown inFiguFÉ)S-~0: •- · . 

. 
- . :.- :. 

.. - .:·~-- ~ .. -.. . - Figure 15-30 . 
::·-;:~--- ~:· .... ~ :._.~ --
-- .·' .... -· 

. ~ . . 

-~114:--érv·x o·'f,· 

Z-EP-1!:•-..-:a 
Size¡mml ~~ .5 1 . - .,. 

.. - For p~ints, ymf.::iri¡¡y-··. · . 
-=· : · - oneoH4 symbo!S:i~ci éií.oQ'se~;. 

,_,_ 
· .. ·.: •. · the size, jis show'n)it''figure_;~

-- · ·1S.c31: V\l!f_h som~jJ:n:aginac .:': 
· tion an_?repetit~;?n/::.:- ~~-: Figure 15-32 

.. ··. . ·--· · ::~,:, ·•· '~.'.yoÚ~may crea te v~rious sym-

~:-_bors.using these 14 predes
.. ,...Ígned symbols. One possible 
· •< coiJ;lbination is shown in Fig-

:f:~~~átj:;j: • urf15:32. For Label you may 
.'- select fontS','colors and align-. 

" . 

_-_.,. --



-· 

.... 

- ,:..-

15.4.7 . 

.,;, ....... 

CHAPTER15 

Font Fa ce 

Fixedsys '1-
Tennina/ _ 
MS S~:~ns Seril ·-. ·-· 

·• 

... - ,.-

~:AO'Pt.f' 

Ol!old. : 
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' • ..,, ' - "'" ' '"'"'., '" """ -:V ,.,,, 

'1 ext Positiori .tfn'd JuSIIht:afion'\ --··_. 
" .. " ''""" .. ,, "". ,_ " 

Horizontlllly Verticlllly 

Oi.eH 0Top 
. Courier ·- ' 

MS Seril 
Roman 

(8J Center 

o Aighl 

O Cenler 

1:8:1 Bono m 
Sctipt 
Modern 

~· Sml!lll Fonts· . ..._ · D X- offsellfl O mm) 

EJY·oHsel [110 mm} 

----· ;¡ 

Figure 15-34" .. "': ·..,..-. 
1 otc: ll r-c.-.~Cé,..,-,:¡ 

----- F igurc 15-35 
'-o'•··: 

· tively. Likewise yb'u maYsefect fonts, colors and align· 
· ment f9r values.',Tl:tis is shown in FiguÍe 15-36. The at· 
tributés:you choos~capp!y on!y to p!otting and creatiug 
aclocatiori or tont91:rr 111ap: 

... -:" ._-. 

. ·-·--
·-
'-:: · -- Numb~~ o!Decimal Digits 1 ~ 1· 

. : -_-_ ·.- ?·:;' .: 1-:·~::_:;;-;·-:.A~;:r?:;:·g~~:~--:-:-::.::·<::;:~:::---:·;:_,.,::~{.-'~-:-. -- , ·> 

-:e· :J F~.it?'<(,l?.\'.~or .. < ti.AniJníric~.{; 
~. ,_;·.:. -.:>..: ·:_._:;:· .. :·i;Lt\.>~:); ~--~~:~ '-~-:: -·-< .. ·•· .. ' :·: '. :-:·:~ :: .. :. .. .. ·., 

-e.:_-----: 

.- ' 

. ~-- - . ~~-: '-
__ .-·.,... 

:--"·_-· __ _ 

·,_;;_ 

... :.: . 

. . ·· .... 

,·.,-

. -~ -~--· -.- . ...... , ... 

. -.~~t~~. -- ~: 
,~- .. 

''1' 
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15.4.8. Add Labels to 
Map 

La beis will be plotted on top of the syrnbol for points. It 
is understood that you ha ve previously used the option -
Edit Í'lot Pararneters and se!ected fonts, colors, and-

-~. ---
_ aligrunent for labels. Horizontal and vertical alignment 
attributes will control the position of labels with respect 
to the position of syrnbols for points .. ,.-

15.4.9. Add Values to _ Values wi!l be plotted to the right of the syinbol for 
- - Map · points. It is understood that you have previously used 

the option Edit Plot Pararneters and selected fonts, col
ors, and ~ligi1ffient for values. Horizontal and vertical 
alignrnent attributes will control the position oLvalues 
with respect to the position of the syrnbol for points . 

. ~. -
:.)5.4.1Ó. Add to Legend 

·- ..... -

With this option yo u rnay add one point to the rnap leg
end. The point-will be copied to the legend block with 
the same attributes as the one used for its plotting,·This 

· applies to font, color, alignrnent of its !abe! and value. ' 

- _ -:~--- -_,-_• ~-e-~~~---- - -· -:c_.:..>---·_y o.u:..w:i=l~l~f-i:r-s:t=--1:)~-e--------==-~------~_ -· 
--------~--~-=:-:-- - "prmnpted to specify one· · 

. -. ' 

- -. -

-~-:-::...-. . 
.,,., ..,..--

. ··;_::-" .. ~-- .. · .. 
-·- ·- ~- . 

··· ... -. ,. .:, . ·, 

'. ' ,;,::___ . . . -,• .. 
·.-·. 

;-..:.-. . ... _. :' · .. : 

of the'labels thiü will be 
copied to the legend, as 

shówn in Figure 15-37. 
Then y6u will be 
prórnpted to type sorne 
text .that defines values 
plotted on the rnap. For 
exaritple, youmay type · 
the text as "Depth to 
water table inJuly 1987", 
or "TDS in· pprn," or 
"Toluene conte-nt iri 

~~· f~{~ .--.-> pprn," etc. 

-~~~-~-:~ 

, . legend for RDt.t Point .-

En ter 'Label' tcxt in legend 

IMW·ll 

¡: o~ 1 [e~ j 

Fig11re 15~3Z. 

15.4;1L'Standard . As rnentioned eailier, you rn~y input a randorn' rnodel' 
ASCII Input ·linporting anASCII file. This file could be createcLfrorn 

another software prograrn or use a text processor. It is 

15-31 .. - -· . 

., .. 
. . --.... 

'-·. 

·- __ ..... ·: 
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important to re
member the ar
der of input 

· variables·: X coorc 

. MAPPING APPLICATION 

- -<if- -. · 'dinate, Y coordi
na te, Z value, 

f;''""'"" c::l#=·=)jj!=-----...JI 1 OK 1 
_Director)-: C:\GWD . 1 Cincel:~ 

Files: Oirectoric:;: 

15.4.12: Standard 
. ASCII Output 

· well identifica
ban. The format 
is free. 

When you select 
this option the 

-.GWW program 
will display a list 
of. files wi th the 
extension .rdm. 
You may.serect 

grid·z.rdm J .. J 
wells.rdm f·~t·J 

l·b·l 
1·~1 
i·d·J 
l·i-1 . .;~¡ 

Figure 15-38 

any file giving the path and file name. This is shown in 
Figure 15-38. 

You may also save a random model which was created 
in another (,V\Il¡V application. This· is useful for backup, 
or when you wish to merge information and import the 
ffi Ü de 1 b a C k t Q. =J R8ndorn ~odc:l Std. ASCII Oul:ut 

GWW. When 

. Fllr::nnmr::: '-)··_''-'"--------'~ ~ 
Dhr::ctoty C:\UAHRAJN 

--·. 

ybu select tnis 
option the pro
gram displays a 
dialogue box 
with a list of files· 

Files: . Dirc:ctorir::s: 

-'. !.c~~Íir J 

•Vl. • 

I 5-32 

... 

with the exten
sion .rdm. One · 
ex a m pl e i s 

•_ -C_:,::.··..;~ .... ,, __ ·'shown in. Figure:-

;~S":· 15-39. 

.,.. 

...... --

-h .. _- ...,, •• 

0
-,,,.,,m D .. , _· ... ¡-a·l -

. t-c-1 . - . . 

. . 

Figure 15-39 

... 

.,..,,.... .. 
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·15.5. AREA MENU The Area menu is used to 
digitize an area, which will 
be used for contouring 
w1thin or outside its 

'. boundary, or which will be . 
simply p-lotted onto the 
map.:With this menu y·ou 
may crea te or import more 
than one are a, save such ar
eas under interna! file 
na mes, e di t plotting pa
rarneters, etc. The. menu 
options are listed in Figure 
15-40, 

MAPPING APPLICATION 

-:cNewArea 

Qld Are a 
· S. ave Are a 

S ave Are a As 

édd Area to Map 
Add to Legend 

fdit Plot Poramcters 

. Standard ASCII Input 
Standard ASCII Output 
D;><;F Output 

Figure 15-40 

15.5.1. New Area The GWW package adds new areas to currently present 
areas. In arder to have a clear "area" space you should 
use.the optiOTt-New•Area·prior•fo•creating·oúmportmg ---~~~-- · - · 
an area. Yo u will see noyisible actión afteryQu se~ect_,:~, ._, __ _ 

-~----:::_:=:::::=:::.:::::::=::::::::::=:::.:::==::::::=:===-New:'Area~but~tlie~area-coritent~wmbe e m ptiecFifthere-=-- --•- --'-: • - · -· 
,_,;;ere another are a in it. · ·, 

15.5.2. _ Digitizing Arca The G'vVW package incorporales digitizing capabilities ~ 
.·\vhen it comes to ereating areas and linés. When a map ., 

15-33 

is displayed yo u will notice a vertical 1 o· torea 1 · 
row of buttons. For digitizing an c.;;.;.¡>g¡.;_;;;.:;.J 

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 yo,u wish to digitize an area 
co:~ ·--~:·.:. ·-:•.c.:· directly 0!1. the map (more cor- -

. r:-=-J-<:;:;;;I: . . ·.rectiy, on th.e screen display), you 
~=~;c;;c~-- • .. should ¡:iroceed as follows: · 

. "': ·~: ' 

Figure 15-41 

1 ÉndPointl 

jE'iíd.oi\Jitl 

Figure 15-42 

.• 

, .. 
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l. Select the button Dig.Area on the right side of the 
ma p. This will place the program into the digitizing 
mode. 

2. M ove the cursor to a point where yo u wish to start the .. 
· area. Press the left mouse button. M ove the cursor to 

the second point and click the mouse. Be careful he re. 
lf you are going to use this area as a closed area 
within which yo u wish tola ter make contours, digit
ize in a clockwise direction. lf yo u 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 manual! y duplica te two points, the ihitial 
and final, the program 'will do this automatically ~· · 
when you termina te the digitizing input by clicking 
on the button End Point. 

4. Yo u ha ve now two options. Either to finish digitizing, 
as what you wanted was one single area, orto crea te 
anotherclosed area. 

If yo u wish to finish digi tizing, yo u should click on the 
.button End Digit. With this yo u will get out of the digit
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 ha ve just digitiied. You may save fhese 
points in an· ASCII file, using the option on the same 
menu Standard ASCII Output, or you may save the 

,..points in a DXF file using the, option DXF Outpúf But 
most of al! you may save thls area with al! points, mak
ing the area an interna! data base file using the option 
Save Area or Save Area As·. 

'After you have terminated the first are<) 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
. ónd are~ ~y 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. 

-. ·-
-""<<(,oi' :· •• 

"' 

'.-

... 



15.5.3. Old Area 
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If you have digitized more than 
one area, hoever, all of them are 
internally saved as one digitized 

- area file. Each area will be de
fined _with same attributes: line 
thickness, line color, line text, 
text fonts, etc. 

You will notice other buttons on 
the right si de· of the m a p as 

· shown in Figure 15-43. These are 
standard options on any of the 
Mapping application display or 
menu. You may·always zoom in 
DI out, or Fit to Window. It may 
he! p to digitize an are a in a 
zoomed in display. - · 

1. Cic:ise,.,, 1 
I.~Z..c;O.~;I~J 
\zorifll'outl 
l. Flivlr\a H 
.'';· m _., =ª 
jQig.F{ecil 
¡·oi9)Jh(;J 

. Figure 15-43 

·Yo u may crea te on~ or more areas by direct digitizh!g,- or 
yo u may import areas as ASCII files. You may assign to ... ___ _ 

_ these various interna! names, sud\ as [andfill~cellA~ ore-~-----_ 
___ body CW, Tailings cell G,_etc. Fach_Il1~)' b_e_identified·- __ 

=--=::=:::::::=::;:::::==~==-=witll-its·own~attributes:-All·these·areas·are-srcire-d withi.il ---. 
the information system,· and are no,t currently trans-
ferred into the current "are a content." · 

Wh~n you wish to piel< one. of the .available areas ani 
pla.ce-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 names~ Yo u may select 
one. The sel<;áed area becomes your current area. You 
may edit the area'sattributes, plot the are a onto the map, . 
or usejt for tontourtrig, making ita grid area. 

15.5.4. ·S á ve Arca and · Whether yo u ha ve created. an. area by diÍect on-screen 
:~pea'As digitizing or ha ve imported ·a.n·areá asan ASCII file yo u 
Jj:_ -~~-: · ·. ' · : ma y save it under an interna! file name to make the are a. 
oc.,..c~>~ a part of the GWW data base or information systerri. The 

15-35 : 

-.... difference between Save Area and Save Area As is the . 
saíne as in the previous menus. If this is a new area you 
will be offered the option· S ave Area As. If this !~ an ex-
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isting area which has its narne, yo u will be offerea both 
options Save Area or Save Area As. Internally the pro
gram will associate with each saved area its attributes: 

15.5.5. Add Aréa to
Map 

With this command the areá currently occupying the 
"area content" will be plotted onto the rnap with default 
attributes or attriJ?utes assigned by you using the Edit 
Plot Parameters option. · . · 

Before you add an area to a rnap check the attributes·, 
especially whether 'the area "will be tiansparent or not; 

,. also check screen arid printer colors. If the areá 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 are~ will be_p~inted rnasking thus the othe_~. con-. 
. ·tent. · : : _ . 

. , .-
~c..:~-:~ ::C NOT_E. The s:;ww s~ftwar.e.do~~ .not'have ari Undd éommand'::. 

. witli-which you may-~estore'the preilioU§_ screen . .: . . • . ·. ~e .. o:,;: 
'-----. ·:_~--.- -- -~· ~- . -··.: --- . -

----- ·~ --·· --. 

-·-- . 

~- --~- . 
--. ,. -- .. : . .::· ----~;-.: .:~._-~_~--, -· --·· --··:: ... -· .. : ....... -- ..... ·- :··-~-- .... -- ..... --- -·'· 

- .... :,_~~-::·· . ~--_ ··:·· _ _;_--:=~-=- _-_ -~_-_:-_·_- ___ - -<_:~ . ~~:.f_"!?·--~-:r::::: _.--_-·-::~ .. ·--:_ ·-· -;-.. -~. -·--::-- ~-. .. . --~-~ 

-: . 155:6 .. Add~tó.Legend·· '- Birildiríg the legend b!oCK'íscontext·sensitive.)'ou máy/c.· ·. ·• __ __ 
.-__ . : . · .•. . :· :: , . _ . : ~~-- e ,:.' --:'~:;:::• add -the currentl)i::act1,ve: areá to :the i~?gend, IÓvill-b_E!_. . .· •. . · , .'7:. 

: '~.-::··~.·, ;.~-~~~:f~.:~·-· ·-·~- .;·:. :::. ~: -~:_;_: }~}'__~~:~-~~n~~fi:~c~~~~=c~fo~~;~~t ~~~i,'~~-~!:~.:~ ·:;~f~~::::f~~ 
.:.- ~'--r . :.·:·--·e·._·:.":···::..:.._:~--"; -~:.:f>a!"erl~y Qr.-non!f"'!~-R"ar~ncy.- Afte.r:yo1,1...s~léct; Ad~ to· .. L. _. -.. ;:,. .:·:'_:::;:: 

-.;: · .- .. ~ :, ·. ~-:., ___ . JE:-::~: >:- :::·~:. Io'-=~-:._~L.egen·d:yoJ will. b.!!:Ifrornpied for a_ text whicli defines::-::~: .é~.- ~ ,' · :; 

·- ··-- ~---·- ·- ~-
_ _.__ --~:.:.:.-::-... -- - __ -;¡::.- : •. _·:;:.-..:: .._:.- .. ·--#-· ,_ ~ __ :,__ -~-- .. 

. ;.-:-,;- :-:--~-::_._-- -~---

... :.:·r:·::-~:.::· .'.:_.e_; ___ ' ' . •. 'sel~Cit.Jhis: op_ti'c)ri;,·tf'le-'c-J·i~~ 
~<>- ,.:__ --- -=..:-·:. ;:·~~--:... 

-------

';_.c..~ • -

·:-:---~ ....... ~-~ ... ---
·-.:~ -••• ~-·:~-.::::~::L~~-~ 

·-t-"?".":=I 
~ --..~. -.::: ' -- ..... 

. -. - :- -_- . ·- ...... . 
• ·.-~---- ~--- .. - -··-• .= 

--5 "~~Fig;.ié_1544.. ,:· ---~ :·"':::-:. ... 2 -~ :: •.. ' . 
... ·,'~ -~ .·::.~, , ... ·:,' -·-_,, __ .,w::..::.-·~,.. 
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arrows to the right indica te that each of options extends 
into more options. Notice thé box laoéled Transparency. 
If crossed, the are a will be transparent and the · content 
under it wiU be visible. Options S creen Color and Print 
Color will open a color palette for yo u to select colors 
that will fill the area. 

Option Border Attributes lets you define line thickness 
(from 1 through 6), line pattern (solid, dashed, dotted, 
dash dot, etc.), label which will intersect the border of the · 

· area and display or print a text, font for the la be!, dis
tance where the label will be displayed or printed, and 
the spacing behveen hvo subsequent la beis. An area bor
der attributes dialogucbox is displayed in Figuie 15-45 .. 

une Attributes 

- ~ La!Jel 

=~-- ~__:_,-~----~---~---__ =::':::=:':-=-~-~ ~~======Ilistan~ce=-61~rriml ~ 

15.5.8. 

15-37 

-t-. 
,- '.··' 

srZrii~rlt~scu 
;~~t.and
'·-c·~ ~ ÚutÍ)ut 

!salid Une [!] 
-~ ! ;~¡~9 -:~!?!>~?_\ ·' ·1 

Distance 1 2(mm( '---'"" 

Figure 15-45 

You may save the currently active area in an ASCi:I file. 
The file contains only the coordina tes of points rnaking 

· the area. One area is terminated with the combination /* · 

. . .. 

-:-

•••• 4 
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typed after the Jast point's co¡)rdinates. One example of 
an ASCII 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.coordinates. 

9236.12. 
9208.25, 

9168.44, 

. 9138.56. 
9142.56, 

9341.69, 

5842.62 
5871.94 

5853.06 

5880.31 
5911.75• 

5846.81 

9236.12, 5842.62 

j•· 
9283.94, 
9307.81, 

. 9343.69, 
... -.... "; --. 

5540.94 
5584:94 
5587.00 

. --· 

.-. 

. ' . 
---- ... -

' 
-~ ... •. 

"· 

, .. 
,.;~ 

.--~-- -- ·,-,-~~ .. -- ..... 
~~~~~~~~ 

. -· ,_,,: .-. -··.- .. 
-------:::-~ -.....: ~--- .. ·_:.-_ ... --.~~-~_:_·l 

:..~ -::-.::~.;: --·- __ .,_ .... ----.--. 
". -- -· ... 

--.-2 ,_. - ~"-

j_- ---- -· 
--·-~--· 
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LINE ME:\'U 
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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
tan! line feahues, 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: 

o New Line 

•· Old Une 
); New Line 

• Save Line 
.Qid Line 
,S.avc Une 

• Save Liné As 
Save Une As 

Add Line to Mop 
ap 

. , 

eters 

• Add Line to M 

~~=~~==== .. =·==~~~=·~Add·to~tegend 
::::_-::_~_~ __ ~_ ~._""'_-_-__ -_-::..-::..~_~_~_~_-'-'-~__.:.._ ::=~=::=•".:·':':.!E:_¡::dit.Flot-Faram 

• Standard ASCI I Input 

. _,_-

Add lo legend 

.. · ;...;¡;:dit Plot Porometers=:o 

- ... -. Standard ASCII 'tnp~ 
~Standord·ASCII Output 

DXF Ouiput 

¡. 
~

f 

~,. .... -_ 

'15-39 

Figure 15-46 ._.... . 
• Standard ASCII Output 

-; ' 

• · DXF 0\.ltput 
.} 

15.6.1. New Line. The GWW mapping application in principie adds a new 
· cori.tent o fa kind to the content of the same kind tha t may 
eventually be filling the "content space." In tli.e case of 
lines, this is interpreted as saying that theremay be one 
or more lines airead y in the· c1irrent "line conte'nt," and. 

. ... that any other line may just add to the content. To avoid 
, : mixing lines, yo u are adviS'ed to use the option New 

•. Line. Nothing visible will happen, but the command will 
remove from the. current view any line that eventual! y 
may be there. With this command it is guaranteed that 

. ~ ' 

'·· : 

,·. 

·, 
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you will work on a new line without any interference 
with an existing line. -·· 

To crea te a new lille directly from GWWyou rrwst use its dig-
.-: .- ·· itizing capability. · · ·· · · · · ' · 

15.6.2. Old Line: The GWW data pase and information system may con
tain one or·more lines, which may be internally-saved"""-
u·nder specific names · .. ··"""§,.,;;¡ 
given to them by you in 
previous sessions. Whén 
you use this option the 
prcigram displays a list. 
of existing lines prompt- :· 
:lng you t() selec~ one 

.. from the list, as shown in 
... fio-ure 15'-47.' When yo u· 

w,r'" O - _. _ . 

select a !in~, it. will be 

.. 

-:....- - ---

~. -·-

. _., 

-. 

-· · .. ·:- '~: .. trañsferred into thé "line 

-<~~-:- -· . . . :~~~- .... ~,~,-~~~~;~_ ~~ ~~fl~~~~-> ~:-;:.__ .. ___ ;, iig;rrefs_t~--~-~--'-_-.. -_-,j_f_~----:· .. _ .. _~.----~-.:_· __ -_:~_: __ ~_-_;_ .. f_;:_X_:~.: 
-:~·-:_------~=-·>----:- ·uti?-s ar.e.:· thi~k-lú~s-s·"~ ---··-- - ~--- -- - ·:. - -

"-::- - .--- ------:·· ' 1 :·,·---- . .-.-···:-•;:::;..;., ~~;_..:..·:·:::.:,-::-

. . . . "::~~~:·~ ·. : :-. }~¿ ;~~ :; r:atfe~p,_sdl_or; !~b~l; font~:. :· :7"~::.-;_::é~-~ ~:~;-;-.. - :'i:.:·~: -~o-'·-~~ 

..... · ··· .·. ~----- -..... - ... ·.for-lalJe!·.and-textor-labe!~····:--~"-- -----·--.. :·~:~~iE ~:~-;~~2~'~==·~.~:_·,_. ·:_},:i.~-~-~-; .. :-_o-·~~~~(~=·::.- .;~~~L~~- ~T~~~;-~., '"co.-c~::_~--.~::J.=~::'~{;:~:::-:o:~-; ~~-,::._ __ :7_;.~~-
..,:-~::..-=-.:.: -· . _,_...,_ ;_. .:..~.-- - ~ ~ r -;~~"7 ,;_.: '' __:. --.- . . - " -~ 

--~·. --~~~~~-~.i~~;~a~:,¿~~:,~:t=~~~~ªi~s~:~~{~J:~~X~s:·---· 
... ,;,::..~-=-,)~:::-,: -zc-:..~sayé Lilie-~I:.'Mi!pping:ii"pplicáfi_oifti•'·"·c•",_,. 

~fl~~~:~,~:~t~~~~ª~~~~ 
":"" ~ t· -...:_.~ ;, *·Y-~:..~ 

·-- ... -. 
. . 
-- ... 0:--"0~' 

,.-. ·:f~l- -4 - -=-; 
:_:: ~~:-e_'.'~. "~worki.Ílg_qÚ an eXJISttng,,-OJ:·tll:.tecl,-lme~,.yo~ wiU:ria1i'ei::tÍl=':2 

- ··--:_, ~ . - ~--=- __ :-·: -· -- : - ':::- -- -.- :..-.:::~..;:::..:~~:-~~-"-· 
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tion to Save Line under its own name, or S ave LineAs 
giving it another name. 

15.6.4. Add Line tó Map · Yo u ma y add a !in e to the map. This is probably the rea
son why you are creaHng lines, editing them, giving 
them sorne attributes, and the like .. You wish them added 
toa map. The line may be a river, a road, a wire fence, a 
boundary between geologic formations, or anything that 
is normally found on maps. Prior to adding a line to the 
map yo u 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 m ay 
ha veto be repeated. 

~ NOTE. It is a good advice to save a rnap after severa/ steps, so 
that you rnay start anew frorn a step befare, not from scratch. 

~=1=5-=6~.5=. =A=dd=·=to._Legend.- . Ihe)egepd=blo.ck,is;gra~ uall Y=buil t=_up~of,parts:,somLc:c~ .- ==. ~~ :"'e 
- · - · · · text; ·scale~conroüYlines ffOíT\theGria menu, rarii:ióm~ __ J; 

~~---"---~---'~~~~~--~~-points~from::.the_:-Randorri-mertu;'"aréas-frÓm-the~Area~t~---" 
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menu, variouslines from trie Line m~nu, etc. The option 
on the Line menu adds the currently available line.to the 
legend. This means tha t if yo u wish to~qdd in ore thanone 

·. line to the legend block, you must place a line into the .. : • 
cilirent "line content" and apply the: comman~ Add toj" 
Legend, thenselecta New Line and transfer another line'. 

~. using either: Old ·r.:rne or Standard ASCII Input come 
mand, and apply again the command Add to Legend. 
Each hme you 
select Add to 
Legend. y d u 
will be 

. prompted to 
.en ter explana-_ 

· · tion text, such 
as shown in 
Figure 15-49. 

-.-~- Figure 15-49 

'" ' ,,, 
. 1 
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I 5.6.6. Edit Plot -This option works in the same way as in the Are a menu. 
Parameters· Yo u may select the line thickness from 1 to 6, .the line 

" - -- ---pattern (salid Une, dashed, dots, and combinations), line 

-.. 

color, the font for the label, and spacing between sub-
sequent la- · -
bels. The 
display is as 
shown in 
Figure 15-
50. 

Yo·u may 
"outsmart" 
the program 
by digi tiz~ _ 
ing a line, 
writing 
sorne label 

Pan Attnbutos uno Annbutos 

¡, 1•! 
Une PaHern 

lsohd Une 

Figure 15-50 

or text which defines the line, and by selecting white 
color, or no color for the line: Il1 this case the line will not 
be drawn _but the .text will. This is a handy possibility for 
writing sorne text next toan éxisting line, su eh as the Rio 

-Vaca Vieja parallel to the river: line as shown in Figure 
_ 15-51. The text was created following the steps: 

- ' - ' 

_ _1,_ Select New Line. 

- · 2. Digitize line (dick on Dig.Line button to start digit
izing). 

· 3. Tenninate digitizing (click on End Point followed by 
End Digit). ·-

4. Select E di t Plot Parameters. 

s.- Select Line color and clickon blank field in the right 
.. lower corner. - - ·--........ 

.............. 
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- BASIC 

.......• .t.f.<!.-"t·-1\l. 
:. ,._' 

........................................ ¡. 
'.- .. -:,._',,' 

Figi¡rc 15-51 

6. Write to !abe! 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. 

-~~~~~~~~~~~Z~-~stlú~el~.~~~~~~ft~~.~~~~f~~f~.~~~~t,El~O~F~o~i~~·~ts~,I~t~al~ic~.:~~~.li~·c~k~o~n~ .. o~_~K~t~o~e~~~-~~~=.=~== 
- . . . - . . ~ -

... .'.e _:_ __ .~ ~:- -~: ·- ___ :__· __ Jl~$elect·Add~l.:;i ~eJo:Ma po.:: ~~~~_~· '"'e~~-_,.,._ .• ,__~""~"""~---..=~-

What is created is an invisible !me with text thahs vis
ible. We are sure thatyou will find this small trick quite 
useful. (Y()u may ave selected No Line from .Line Pat· 
tern.) · · 

15.6.7. Standard ASCII . You may save the currently active line_in an ASCII file. 
Input and/or Output The file. contains only the coorclinates of points making 

the line: One line is terminated with the combination /* 

·"··· 

15-43 . 

· typed after the last point' s coordina tes. One. example of 
an ASCII file containing two lines is rep.roduced partly 

·below. 

-

'• - ----

.. 

672367.68700000 
672282.68700000 
672537.68700000 
672610.68700000 

969797.25000000 
. 969622.25000000 
969119.25000000 
969004.25000000 

-·:· 
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--

·. 15.6.8. DXF Output 
,--;--:-·-·· 2~~ . 
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672987.68700000 

666385.75000000 
666450.75000000 
r 
6355.U.6S700000 
635772.68700000 
635532.68700000 
635469.68700000 
635309.68700000 
635234.68700000 
635339.68700000 
63547 4.68700000 
635464.68700000 

628327.68700000 
628292.68700000 
r. 

969.132.25000000 

938400 . .13 700000 
938195.43700000 

969912.25000000 
969609.25000000 
969449.25000000 
96<)092.25000000 
968944.25000000 

. 968937.25000000 
968734:Z5000000 
968587.25000000 
96834 9.25000000 

955647.25000000 
955.139.25000000 

You may also import one or more lines from an ASCII 
file. The input forma! is ·free; the X and Y coordina tes· 
must be separated by one or more spaces ora comma. 
One pair of coordinates, that is one point of a line, is 
typed on one line of the ASCII file. 

The program will 
proinpt you to select a 
file name for the line 
either-when you wish to 
read the line from an AS
CII input file, Figure 15-

. 52, or when you want to 
write to an ASCII file, 
Figure 15-53. 

You may create a .DXF 
output file to use in an

• ·. other software package, 

Fllcnamc. ID 1 ~ 

Dlrctlory C:'¡GWO 1 Cen.l;'t'l j 
Fllc:s: • Olrcdonc:s: 

Figure 15-52 

most likely AutoCad or another Computer Aided De
sign package. YQu will be prompted to selecta file name 
and directory to save the output. The program will open 
~.. . -

-· . 

., ,-
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Fllename. le:ii!II!I,_ ___ _l! ·1:-{X .. :,J· 
Dlrec'lory C-\GWO 

File~ 

rlver9.lln [.[ 
f•l 
[·b 1 
[-o-J 
l·d-[ 
!·Ji _.,:_, 

Figure 15-53 -
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'Aicnllmc.@:L <==· '--------'----'\ W 
Diredo~ C:\GWD • 1 CM.:tt: 1 . 

bucmap,clx1 
rlvcrs.dld 

Olu:aorles; 

[ .. ]
l-11·] 
ft.-J -
t-<-1 
~d-] 

t-,-J .;,1 

a dialogue box with-the list-of available files with the ex
tension .DXF, as· shown in Figure 15-54. Yo u will be 
prornpted to selecta file narne. _ -

. . -
-- ----- -- --------------------o---;--

. -. 
- -- ·,: __ -- -:-·' ,_· ~- .. 

-~-=---'''---'--'·-~~'----'-=~=~=-"-- ---.---'---" 

15.7. TEXT MENU-

..... 
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-------- -~-- ___ ,_ ----------

-Yo~ will ~~e this rnenu to add tex 
lines to your rnap. You rnay add a 
heading or a title .to your rnap,_wri 
sorne,-comments, etc. .Yo u ·do not nee 
to ú.se-the text menu options to crea 
a legend: It is doné using options fro 

te 
"d 
tE 
m 

all rnapping rnenus. _ 
~·. 

~~ 
.. -The Text rnenu contains the followin 

córnmands' or optio-ns,. as shown 
_Figure 15-55: __ 

.. 

o NewText 
.::~ .. :-_ 

' ---

·--

~-;. 

_MewTexts 

ºId Texts 
- _;:¡_ave T exts 
Save TextAs 

Add Texts lo Map 
.. 

fdit Texts Parameters - . 

Standard ASCII Input 
- Standard ASCII Output 

Fig~<rc 15-55 
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o Old Text 

• Save Text 

• Save Text As · 

o Add Text to Map 

• Edi.t Text Pa·rameters · 

• . Standard ASCII Input 

• Standard ASCII Output 

MAPPING APPLICATION 

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 ea eh Une of text you will 
specify the coordina tes of the beginning of the text string 
or the position of the text block, the angle of the text 
block, color of the text, the fonts, and !he horizontal and 
vertical alignment. 

15-46. 

When you select the New Text option, tri'édialo~e box 
as shown in Figure 15-56 will be displayed. The onlyrea
sonable option ávailable for a new text is the button 

. .. 

- ·-~ 

.. 
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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
mentof text is deterrnined by the X and Y coordina tes cif 

Tú>11 1 
~~~--~~--~ 

X -Coord1n;:atc 1 1 

~===~ _ Y -coord1natoj . 1 

~===;--
Anglo [dog[ [ 1 

'---,.---.,-,-----,-' 

1 Font IJ · ... ·c-.·- 11 M_..,i 1 

·-oK j l'·c.,;,;,; 

Figure 15-57 · 

the lower left comer of the first lettér of the text string, or =======···· · · -- bx_alignmef!t.at~ibutes_in,the_Text.Attrib.utes,dialogue __ ~--- ·:-:"'c-c:"'."' 
--box.- -~·- · 

- ... ;: 
..:;_ .:..:.~.-:'--~"':''"-'·'=···"'--'-'-..__'-""-;-'--"-~-_:_· -'-'" "--'""''·~--"-""'-·"-" ..:.·-'-:e:--"--".---'"'-"""--'--" =--"-'" -c::-c..-'--'-· "-" --= -"-" ---~-:.._--~~ :;::,_~ r' 

---- -~,- \1ou ¡na y \Vrite more than OTie line ofTex( assigrungto 
each its position, ang'íe, fonti ai1d colórs. 

You may save this text block under its own interna! file 
·name. Yo u may ha ve many sud1 text blcicks· or file:·: 
na mes. 

15.7.2. Old Text You will use this option tci · 
retrieve a previousl y ere": 
ated and saved text file 

• conta"ining one or more 
lines of text iniormation._ 

· . :when you use this option Figure 15-58 

· the program clisplays a list _ . _ 
of existing texts prompting ·you to select one from the 
list, as shown in Figure 15-58. When you selecta text, it 

. ': -.. 

15-47 



CHAPTER15 MAPPING APPLICATION 

will be transferred into the "text content" with all its at
tributes . 

. 15.7.3 .. saveTert an~i ·. Sarne as in other rnenus on the Mapping application title 
bar, these two cornrnands are used to save a text under 
an interna! name. If the text is a new untitled text you· . 
will be prornpted to Save Text As, that is the program 
will display a list of existing text narnés from which you 

S ave Tex1: As 

rnay choose one or as- · · 
sign an entireiy new '='=;;::='il 
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, or Save 
Text As giving it an
other name. 

Title--1 

1 

Figure 15-59 

"15.7.4. Add Tex1: to Map ·'·Yo u may add a text to the map. This is probably the rea
son:'Why· yo u are crea ting textsr-edi~ng thern, giving . 
them sorne attributes, and the like. Yo·u wish to add them 
toa map:The text maybe a header, a subtitle, a company 
name, a cornment or description, or anything that de
scribes or enhances a map. Prior to adding a text to the 
map you should check text attributes ot pararneters, that 
is its position, angle, font.family and size, and color. 
Once added, the texF cannot be removed and the whole 

15-48 

. process of map building rnay have to be repeated: 
_ _,_ __ .. '-~..:.- -~'-

0~-~--- .::--·-

f.?.:"'§] . · ·. One example of adding text is shown in Figure 15-60. 
~:o~~:~~ This is an insert, zo~~ed in. 

NOTE. It is a good advice to save a map after severa/ steps, so 
that you may start anew from a step befare, not from scratch . .. 
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Figure 15-60 

15.7.5. Edit Text When yo u select this option, the dialogue box such as the 
· · Paramcters one shown in Figure 15-61 will be displayed. Using.this 

. ___ --· _ .-:c.·.::..:.c_· __ __: -e -~_:.:c . .::_··: CC. -•:.::. C--=- ·-: 0 ¡:Mi 0 n_~y 0 u·c ·. C :-:·.:_ce~.·:··._, _ c:_-'c _. CC __ ::__ ~: .:_ -:_-.c.:C..C-~- :· ... 
-:-==- ·:.-· - .. '- · rnay:··--.. -~-----· -e -~---. -------·-·-.---·e--· 

. 15-49 
· ... ' 

.-:_--of'·E·d-iTan- ~~~~~~~~~~~~~~::::üó:::14=1'=h.i:;l. -
e X i S ti n'g. Ria ~u~rico lrrigBtiOn System 

- :... .. · -. : 

fe x t •• 
string. 

• -;¡.. __ • 

• Add atí
other text 
string to· · 
the sarne 
t. e x t 
block. 

• Delete 
o n e o r 
more text 
"5\:rings. 

Figure 15-61 

Editing a te~t string or text line rneans changing the text 
itself, moving its pósition by changing X or Y coordi~ 

..... ~.'-

----~-

- -1 

·~ 
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na tes, replacing one font fa mil y and size with another, or 
chafiging its color. · · 

To edit you should do the following: 
-----

L Select with the cursor 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, Tcxt Attributes, as shownin Figure 15-62 . 

.. 1 

Tcxt Attiibutcs 

l QQ'" ~11 
. _j Zoiuiion'JII 

_ T-oxt 1 R1o Guarlco lrrigation Systcm 

X -coordJn<:JIC 1630000' 

~===~ Y -coord•~ate \968000 

~======::::;-----------' 
Angle [deg[ 1 _ 1 - .. 

~-:-:--e--::::---:-:::::':-" 

.. • - · ~ 1 . 1 · · F~t:: -~ j -.·· eotof .1. ;l. AEginnsrrt } 

r.=r~~~~ lr 1 o~ 1 1 :cel 1 
~~~~~----~----------~---

Figure 15-62 

3. Work on modification and select OK to return to the. 
textmenu. .. ~--~---

To crea te a new line of text within the same text block 
_ . yo u should do the following: 

· L Click on New butt'on. 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 fÜlmg all boxes. Seléct 
·. OK to return to the text menu. 

3.- Reinember to save this modified text block using 
either Save commana:orSave As . 
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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 wishto dé
-_ le te. This line will be highlighted. 

2. Click on Delete button. This line of text will be de
-leted. 

3. Remember to save this modified text block using 
either Save comrnand or Save As. 

15.7.6. Standard ASCII Yo u may save a text that was created in GWW in an AS-
Input .. CII file, or yo u rnay crea te a text file with a text editor. 

When you wish to input the lext asan ASCII file, GWW 
will prornpt you for a · 
file name to select the 
text, as shown in Figure 
15-63. 

-~~~--=-~__:_::'-':"-_-_-::·----'--=-- ---'::, _ To use a text eclitoryou· 
-must 

FÜen11mc:: ID 
='-----' 

Ol~ectl:lry C:\GWO 

F¡lc:s:--'- -- -Din:tlorlc:s: --. 

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

,,.-._-

~·· 

15-51 

The text displayed in 
the exawple above 

- when stored as an AS
CII file will contain the 
following: -

Figure 15-63-

"Rio Gua rico lrrigation System" 6~;!000 968000 
1 O O 17 49 O "Palton" O O O 1 1 O 

Evidently, tl}_e..first line is the text lirnited·wíth quotation 
marks, follciwed by the X and Y.coerdinates defining its 
position on the map. The second line contains the text 
string attributes and font fa mil y, size, and color. The font 
family is.Palton. The. three O after the word Palton are 
colon:odes, meaning red, green, blue are each set at O 
value. The-combination of three "zeros'_' is the black ccilor. 
Remember that color values are from O to 255. The com~ 
bination 255,0,0 is interpreted as plire red, the combina- · 
tion Q,_255,0 as pi.ue green, and the combination 0,0,255 
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as pure blue. Each other combination of nurnbers is an
. other nuance. (This is to say that there will be over-16 

million colors. Multiply 256 by 256 by 256 to see how 
many colors you maycreate!) · 

The set of nwnbers 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 ·n:ormal, 1 is for 
bold, i tali2; and underlined, in this arder. 

The first three nurnbers in this line define the horizontal 
and vertical offset of the text beginning, and the align
ment of the text string. Yo u should not be concerned with 
this, although yo u may know that the nurnber 10 means 
horizontal offset (from the X, Y coordina tes) equal to 10 
tenths of a rnillirneter, or, in this case,.1 mm. The nurnber 
O which follows irnplies O tenths of millimeter vertical 
offset The nwnber 17 is a combination. uniquely defin
ing the horizontal and vertical align.ment The rernain.ing 

.•... two nurnbers, 49 and O, define the size of the font se- · · 
- lected in 1/10th of a rnillimeter and the angle in degrees. --

The size of 49 is equivalent to 4.9 mm, orto 14 points. The 
si..ie of 56 is equivalent to 16 points, 64 is equivalent to 18 
points, and 21 to 6 points. · 

Using the text editor to modify an existing text string or 
to _q:~ate a new one becomes hari.ay when yo u wish to 
create text strings longer than the rnaximurn length as
signed by GWW. 

An ASCII text file with two lines of text may loo k as re- -
produced below. · · ·· · · 

;,1 

_"Río Guarico Irrigatióil System" 632000 968000 

1 O 51,¡ <19 O "Palton" O 143 255 1 1 O 
. "Estado Guarico, Rcpublic of Venezuela" 632000 965000 

10 O 17 42 O "Aria!" O O O O O O 
- -- ·.-·,· : - .. 

: When this file. is irnported into GWW and the cornmand 
· Add Text to Map is applied, the displayed text rni¡y loo k 

as shown in Figure 15-64. 

·- -·. 

- ... ~ ' -

...... 



15.7.7. Standard ASCII 
Output 
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Río G-: ';:;,rico Irrigation System 
¡-, - r._f'--· 'tJU ' ' 

_,..J~-'<.,1':;¡ i : ·. ~ 

'<:, · ¡ -. _ c·-Si!J i ;: -SLJ ' . 
~st-aclo Gu-arico,-R-ep\l:blic of 1/ct1ez.ucla 

1 ' ' ' 

Figure 15-64 

Youmay save a fextfile, with one or more lines of text, 
that was created in GWW as an ASCII output file. You 
may then edit this file using your text editor and import 
it againinto'GWW asán_i.J1putMCII fj!e._Befor~ Y9\l~X-c _ 

. port the file, GWW will prompt yo u to·give a· file-name _ · -
to the text ·as disEI~yed in-·Figur~-!5"65.~~ -~= =--~~--.:.-:. -· •-. ,_ 

- - - . - - - -.- -

Fllcname: ]t::iEJ=·=-----' 
Oirccory: C:\G'ñ'D 1 · Caftw · J 

A les.. Olrcctarles: 

Figure 15-65 

•, 
-· .... 
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. CHAPTER SIXTEEN CUSTOMIZATION 

16.1 . INTRODUCTION 

This is a utility optiQn in G'vVW wlúch makes possible 
individual customization of various screen displays and 
printouts. 

It has been stated earlier that G'vVW is language-inde
pendent, ·ar 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, insthictions, and the like. But yo u may crea te 
reports of every part of the package in your own lan
guage. This is made possible by using options from tlús 
Customization package. 

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

'-'-=-....=e-o- -------.-- --.,...- =--=- --= ~~- - WhenyouseledCustoinÍzationfro.mth"e'inair1~enubar -. 
----- _:_--'- -· __ " ___ -

16-1 

... 

. 

: .. e_ ·· ·:!he..s~re~n ciispi~y~'the•listdJ!pplications'in:J"!'hich:you··· ' .. · 
· may change either display or print attributes or replace · 

English words with á "foreign" word. The display is as 
shown in Figure 16-1. Out ofthirteen majar application 

··modules, Master· Data, Cross Section, Fence Diagrams, 
·· User applications, and Mapping applications do not 

-....... 
-•', .- ', ---' . Figure i6~1 

·.-. ~-:~:.~ ·---~.::.:~---:-

-~~~~:;~-;-§s_~·-,::-
-~;=:--~::~-':- .. _,. 

.. 

· need modifications. rn·these applications you crea te the· 
· ·. display and printou,~ yourself. There is nothing pre-de

signed or default thefe.' Every other majar applicátion 
· . can be c'ustomized or default settings modified by you. 

-~~·· 

----

. --· 
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The applications that can be customized are the follow
ing: 

• __ Chemistry 

• Concentration-Depth 

• . C:oncentration-Time 

• · H;ydrographs 

• Li thology ( welllogs) 

• Step "'Drawdowns 

• Pumping tests, and 

• Grain Size Ci.trves 

Remember that changes máde in the Customization op
tiori will be written to the file GWW.INI which will be 
located in the Windows directory, just like.any other 

-"Application".ini file. Som~p,()rtions of this file are repro-
duced below. - - · · -

[GWW] 
GWWDataBase=c: \gwd\testZ.gww _ 
l.a>tPumpTests=PT-1 
Lasticteri.r-P0-1 _ 
Frame=100 10 1800 -2500 
LastMasterDat:a=P-540 

· LastLithology:P0-1 

[PurnpTests]·-

.•. 

. QUnit=rn3/day 
. LengthUnir-rn 

· .. -

:. [Wel!Funci]' _ -

Trans Unir-gpd/ ft 

Draw Unit=feet .· 

·- ... 

-~- '-· 
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[Stiff] 
StiffBorderDisp~255 255 255 
StiffBackgroundDisp~255 255 255 
StiffLinesDisp~o O O 
StifflnteriorDisp~O O 255 
SuffLabFontDisp~' Aria!' 12 o·o O O O O 
StiffSymFontDisp~' Aria!' 10 O O O O O O 

CUSTOMIZATION 

. 16.2, CHEMISTRY 

·-"'· 

l6-3 

APPLICATION 

In the Chemistry application, as shown in Figure 16-2, 
yo u may customize the display and print for ea eh of the 

Figure 16-2 

che mi cal data gra phical presentahons: Piper,.-Wilcox, _ 
Stiff, or Schoeller diagrams. Since ea eh of the presenta- . 
tions has a graphical drawing anda textual content, the 
options on the customization menu refer to screeri and . 
print colors (for border, background, or coordina te lines, 
or lines connecting points), to font family and font. size 
for any textual content, to.symbols appearing on screen · 
displays or printouts. · 

~""~~ :·c:.-·.cThe options for the chemistry application are shown in. 
:~~~~~~ .· · · the following Figures: 16-3 and 16-4 (Piper), 16-6 (Wil-
'c':"~s?':C::~ · cox), 16-7 (Stiff),and 16-8 (Schoeller). The change of text 

· is illustrated with the example in Figure 16-5. The word 
'CATIONS' yo u may re place with the word 'CATIONES' 

.. ·' " - "•.-. 
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Backgr. Color [Uospoay) 
Coord. Unes Color [Display) 
Border Color (Print) 

\Backor.Color [Print) 
Coo Unes Color (Print) 
Labels Font (Display) 
Points Symbols Font (Display) 
Lobels Font (Print) 
Points Symbols Font (Prl 

Figure 16-3 

IB<ordoor Color (Print) 
Backgr. Color (Print) 
Coord: Ünes Color (Print) 
Labels Font (Display) 
Points Symbols Fonl (Display) 
La beis Font (Print) 
Points Symbols Font (Print) 
'Cations' Tcxt 
'Anions' Text 

Figure 16-4 

' Translation of 'CATIONS' 

Figure 16-5 

CUSTOMIZATION 
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Border Color lay] 
Buckgr, Color [Displuy] 
Coord,~ Unes Color [Displáy] 
'Very High' Color (Displuy] 
'High' Color [Displuy] 
'Medium' Color (Display] 
'Low' Color (Displuy] 
Bordcr Color [Print] 
Backgr. Color [Print] 
Coord. Une.~ Color [Print] 

Figure 16-6 

r. Color 
1 (;<rolla. Unes Color [Displuy] 
lt'<rtvr1on Interior Color [Displuy] 
tt><rror" Color [Print] 
1 t><oc1:gr. Col~or [Print] 
1'-''"""· Unes Colór [Print] 

on Interior Color (Print] 
IHe:udoci Font 1u••P'"" 

Selcct llcm[s] 

Border Color (Displuy] 
Backgr. Color [Displayr_ .... M" • 

Coord. Unes Color [Display] 
Point Polygon Color (Display] 
Border Color [Print] 
Backgr. Color (Print] 
Coord. Unes Color (Print] 
Point Polygon Color [Print] 
Lubels Font[Displuy] 
La beis Font(Print] 

Figure 16-8 ~ 

CUSTOMIZATION 

..... _ 

' .. , '-""~ .-
' ! ~ 
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if you wish to write in Spanish, or 'KATIJONI' if you 
wish to use Serbian language. 

16.3 .. HYDROGRAPHS Only the lower portian of all options available for this 
application is show!) in Figure 16-9. If, for example, yo u 

... 

. APPLICATION. 

·~.,. .. -

Select ltem(s] 

Coord: Unes Color (Display] 
Polygon Color (Display] 
Border Color [Print] 
Backgr. Color (Print) 
Coord. Unes Color (Print] 
Polygon Color (Print) 
Font (Display) 
Font(Print) 
'Depth' Text 
'Level' Text 

Figure 16-9 

wish to report 
in Spanish, 

. yoi.t will re
··· place the word 

~ ... ·<Depth' with 

Translation at •qept!l~ 

. its Spanish 
e q u i y a 1 e.n t · 
'Profundidad,'·., .. _. 
as it is shown 

!Profundl~od! 

• . Ol( :-j-·· t · Cancel 

." Figure 16-10. 

... in Figure 16-10, or the word 'Leve!' with 'Nivel,' etc. Yo u 
m ay also custornize colors, fonts, color of textual a ttrib
utes, etc. 

-_--,.', 

16.4. WELL LOGS · Yo u may enhance your litholqgicor" ~elllóg by selecting 
different colors, and fonts. You may replace the header 

--· ,_ 

16-6 

·' 
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which contains the words 'Depth,' 'Hale,' 'Annulus,' · 
'Casing,' 'Screen,' and 'Lithology,' with other words or 
equivalents in other languages. If youselect fonts such 
as Czar frorn Core!Draw or Cyrillic frorn other sources, 
you may create a welllog in Russian using Cyrillic al
phabet. (Of course, you rnay do it in Arabic;·Hebrew, or 
any other language, provided you have fonts f6r their 
alphabets available.) 

Welllog display and print pararneters, available for cus
tornization, are displayed in figures 16-11 and 16-12. 

Frame Color [Print) 
Header Font [Display) 

·logy Font {Display)· 
nulus Font {Display) . 

_____ ...:____ ---- . ~ 
rdinales Foni(Display) 

JNC:ao•:r Fonl [Prinl) · 
Hh•olnnov Forit {l"rint) -_--'---- _., 

. -

. ._.· 

ni (Print) 
1Cl1'ordlin·a,tes Font (Print) 

Figure 16-11 

.- ... 

Figure 16-12 

-'-:- -- .: .i.!. 

_:: .. 

i. 
' 
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16.5. 

STEP· DRAWDOWN 
APPLICATION 

16.6. GRAl N SIZE 

...... 

16-8 

·CURVE 
APPLICATION 

-~·· 

CHAYTER 16 CUSTOMIZATION 

In a step drawdown diagram the following text appears 
. on the graph or in the table: 'Drawdown,' 'Purnping 

Rate,'_ :Aquifer Loss,' 'Well Loss,' and 'Efficiency.' You 
may replace each of these with their equivalents. The op
tions are shown in Figure 16-13. 

Select ltem[s] 
Coord.System Font [Display) 
Table Header Font [Display) 
Table Data Font [Display) 
Coord.System Font [Prio.t) 
Table Header Font [Print) 
Table Data Font [Print) 
'Drawdown' Text 
'Puinping Rote' Text 
'Aquifer Loss' TeX1 
'Wcll Loss' Text 

· · 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. Yo u may "paint" the background, frarne, or border 
of the drawing to enhance it if you are going to print in 

··.(:o]ors.. · 

·•· '" --· 

. ....... 



16.7. PUMPING TEST 
APPLICATION 

------------e~ 

-~' 

16-9 
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Select ltem[s) 
Tnhlc Hender Font (Print] 
Table Data Font [Print] 
'Grain Size in Millimeter~· Text 
'% Passing' Text 
'Fines' Tcxt 
'Sand' Text 
'Gravel' Text 
'Cobble" Text 

· 'Boulder' Text 
'Fine' Text 

Figure 16-14 

CUSTOMIZATION 

:.¡. 

Almost everything that is presented either on screen or 
printed can be customized. One portion of options is dis
played in Figure 16-15. This is mostly the textual part of 

__ th~rwnping_~!'t_clisJJlay, butxou riiay also control col~ 
ors of lines, coordina tes system~·_data_ points-, b·ack- _ ~
ground, and the like: 

-~·"'" 

._ ,--

.- ·-

Select ltem[s] 
Coord.System Font [Print] 
'Jime~ Text 
'Drawdown' Text 
'Residual Drawdówn' Text
'Jaeob Method' Text 
'Theis Method'. Text · 
'H3nlush Method' Text · 
'Recovery Method' Text 
'Theis Method for Panial Pen.' Text. 
'Error' Text 

Fi~re 16-15 

·. t 

- -. - .-_ 



16.8. 
CONCEJ'.'TRATION

DEPTH.SERIES '-

. - -~--.----· _:_· 

16.9. 
CONCENTRATION

TIME SERIES 

CHAPTER16 CUSTOMIZATION 

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. He re, yo u m ay re place one of the 
two Eng!ish words, as shown in Figure 16-16. 
. ··'. 

"Levcl" text 

Although you 
may modify the 
display or print
out to sorne ex
tent directly from 
the a ppli;,ca tion, 
most of the cus-

Figure 16-16 

-_, _.tomiza tion will 
··-·- ·- !Je done from this 

menu. 

Figure 16-17 

. ----

___ ..... 

, .. -. 
16-10 



CHAPTER SEVENTEEN FENCE DIAGRAMS 

-_ -- - --. 

17.1 INTRODUCTION 

17 .l. l. General 

...... ,. 

17-1 

Using this application you may create fence diagrams, 
displaying on the screen and in reporting forros the fol
lowing: 

• Lithology at borehole sites. 

• Hydrogeologic information·such as water table. 

• Stratig:aphic information by connecting layers with 
different lines. 

You may add lines created from gridded models in the 
Mapping application. Yo u 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, 
yo u may control angles of rota !ion along the x and y axis, 
·and angle of projection on the Z axis·: 

As in the oi:her general-purpq?e utilities within9WW, 
. such as Mapping and Cross Section, yo u rnay select hori
zontal ánd vertical .. sca!es to fit youí: drawing on a se
lected paper forma t. 

GWW stores fence.diagrams as a part of the information 
system. The last created fence diagram is displayed al~ 
most automatically when you select this application. 
Thus the lithology of a selected part of the area is imrne-. 

· dlately visible.· · 

...... 
·. --... 



CHAPTER17 FENCE DIAGRAM APPLICATION 

Figure 17-1 

As shown in Figure 17-1, the Fence Diagram application 17.1.2. Application's 
Content is comprised of the following majar options: ----c--,---'---'-c---;-c-

,.- _..: _______ ---

17-2 

• Model 
--- _-,-' ---· -_ ~- -~ --weus 

• Map 

• Grid 

• Drawing 

• Drawing Style 

• Help 

The Model menu is 
shown in Figure 17-2. In 
this menu you control the 
content of the fence dia
gram, the viewing an-

-_- gles, the sea les, and the 
general layout of the 
drawing. 

The Wells menu is shown 
in Figure 17-3. In this 

Se lec! Worlcing S el 
Select Wo!~ng §roup 

_¡;lear Panels 

Maximum l,ength 

!lnits 

---------

~oordinate Plan·es Parameters 

Figure 17-2 

-.. 
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·-·."'" '·· 

menu you select 
wells to be used in a 
fenc;:e diagram. Be
fore usi.ng the Model 
menu you will nor
mally start by select
ing wells to repre
sen! lithology. 

Th-e Map menu is 
shown in Figure 17-4. 
This is a shortcut for 
selecting wells. You 
may crea te a worki.ng 
set or working group 
of wells directly from 
a map. · 

The Grid menu is 
shown in Figure 17-5. 
Using tlus menu you 
may add one or moré 
lines to the. fence dia
gram. These lines are 

. crea ted in the Map
ping application. · · · 

The Drawing menu is 
shown in Figure 17-6. 
With thls menu you 

- will finish the fence 
diagram as a draw
ing. You will add vari!"'';s --,:_., __ ous legend blocks, 

'e~,-~~,· ., . such as the one ex
~"-"" . .. . plaining lithologic 

··.··· 

. symbo]s·used in the 
"di a gr a m, V ario US 

Figure 17-3 

Fig11re 17-4 

Figllrc-17-5 

Make Legend 
_Add Text to Legend 
Add Se aleto Legend 
Add Uthology to ].egend 

Print Drawing 
Print Setup 
Oimension 

Figure 17-6 
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headers and textual expla
nations. 

TIÍ.e Ora w S tyle menu is 
showninFigure 17-7, Using 
this menu you will control 
severa! display options, e.g. 
the width of lithologic col
umns .. 

D[p!:~=t.E§~RPattcr~ 
, O 20 ~rnwin!) 

O Skip Undefined Polygons 

O SkiJÍ üncs AboVe"i:lnd B~:low log 

I8J Fill Panel Background 

17.2. MODEL MENU The three dimensional pres
entation of lithology of an 
area i~ actually modeling. 

Figure 17-7 ··· 

the lithoi·ogy of an area. Yo u select which part of the area 
you wish to model,which wells to use, how to present 
them; and you change the angles of vi.e}Ving the cross 
section. 

_ ~ .· T~e_ Mod~L menuse~".E!Sto_create ~·¡:¡a neis" wllich.¡:¡ut to.:: _____ C. 

. . '~ ~ ' . gether make a fence "diagram ~fa lithó!ogic _rnode~ of the-. . 
----------·- -,---·~- · area. ~-. ·- · -

-

__ -,-

._ ·. 

17-4. 

A panel is a rectangle in space drawn in such a way that 
a pair of two neighboririg 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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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

.1 n g. t he 
names of 
wells that 
m a k e a 
panel. As 
shown in 

Figure 17-9 

("'W·U'IC.~lO) 

(MW·IIIi.t.!w--o7? 

.. :.· 

5elllded I!O'Imll 

{MW..IIl.MW-4.13) 
(MW-DZ.MW-{1]) 
{MW-OZ.MW-(l'IC) 
(MW-OJ.MW-(1!1) 
(MW-Oii.MW-<1!) 
(lo.AW-07.1.1W-(l0) 
{'.f'N>.D7.MW-D!I) 
(MW'-D!I.M'W·IIl) 

Figure 17- ... '-----¡oo=;='==~=t ) · 
1 o t he 1 a- 1·. ·. "~···""'" . n .: ,. ........ ::=g 

(' ' "" 1 [ "'"'""' i beling is · · · · 
(MW-7-
MW-9). 

.- ... ~- · . 

~ ' .... --

. PaneJ.s can Figure 17-10 · 

~tit ~<;' ~-~~y\~~:~ :.. 
-~== ·. .... · the other but they cannot cut through or protrude· 

··- through. 



17.2.1. Make Panels 
from Wells 

CHAPTER 17 FENCE DIAGRAM APPLICATION 

When this option is selected GWW autornatically crea tes 
. panels frorn wells rnaking the working group. Panels 
·which would cut through another panel will not be cre
áted. This is to say that in sorne cases you should not 
expect that all possible combinations of panels will be 
created. For exarnple; with 3 wells labeled W-1, W-2, W-
3, it mayor may not happen that there will be three pan
els. Ii one of the panels is in the way of another panel, it 
will be eli.minated. 

The effect of this cómrnand is imrnediately eyident. A 
fence diagrarn will be displa yed on the screen using cur
rent scales, 
orientatii:íh · 
s, fonts and 
color attrib
utes. A typi
cal screen 
may look as 
shown in 

-. · - · Fioure 
·-- ------·-----·o :--~--"'-'~--::S~:~~-

. 11. Notice 
------- -.------- ·,· .. ,. tha t sorne 

·wells are 
shared by 
three pan-

. els. Fisz•re 17-11 

17.2.2. Deletc Panel ·o~ce created, panels are stored in 
the.information systern created by 
GWW with al! their attributes and 
additional contents. Panels are 
like building blocks rnaking the 
final drawing. Each panel is like 
a cross section connecting two 

Figure 17-12 

' . ··- wells. You rnay dele te one or more panels frorn the infor
rnation systern. When this cornrnand is selected the 
screen displays a dialogue box as shown in Figure 17-12. 

17-6 

'. 
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All available panels are listed. You may click on one or 
more panels to select (highlight) them to be deletcd. 
When you click on OK they will be deleted. 

17.2.3. Extend Pancls . In this application panels are defined as rectangles en
closing a space behveen hvo neighboring wells. How
ever, there may be cases when you will want to crea te a 
panel which will have only one side coinciding with a 
well while the second side will be f.ree. Such panels may 
be nceded when yo u wish to interpret and display lithol
ogy beyond erío wells in a cross section. Such panels are 
crea ted by "extend.ing" 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 

P;,nel to be extended 

MW-116.UW-11 ·. · ·. · ·. ·· · 
(MW·D7.MW-DBI 
(MW·D7.MW·OS( 

E.xtcn:;ion lcngth 
fcet 

MW·06 side 1 1 

MW·OS 'idc L__j 
'------;::::==::;~==~ ! 

L...-..o.o..o.K .._¡1 [?;"Q 1 

Figur.ei7-13 

panels. Extending a-panel yo u will not widen this panel 
but you will"create a new panel which will share the side 

·-·· well and will ha ve the length as entered by yo u in the 
-- right side of the dialogue box. The newly created panel 

becomes independent and behaves in the same way as 
other panels. 

~~=:~:::--~~- ---' 
::-..=:.;..~.~-:_ 

· 17.2.4. sá~rkin¡'. The command Select Working S.!'t on the Model menu 
· s·~t(of Pariels) implies the selection of panels that make a current work

ing set: You may have many wells making a current 
working group of wells, and you may have created 

17-7 
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many panels from the group of wells [using 'the com~ 
mand Make Panels from Wells]. Using this command 

_you rriay elimina te sorne of panels that you do not want 
to work with. When th.is command .is selected the dia
logue box as shown in Figme 17-14 is d.isplayed. Cl.ick- . 
ing with the mouse on a panel name on either Selected 

Un5111/oaod Uom10 Solodod l!onuo 

.- (t.tW-OZ.MW-O'IC) (MW-01.M'N-Q3) 
{MW-O~C.MW-1 (J) (M'H-0 l.MW-()3) 

(M'N-Ol.MW-():i) 
(M"W·O!>.MW-{)7) 
(MW-OS.MW-09) 
{MW·O 7 ,MW-{)8) 
(MW-07,MW-o9) 
(MW-D!Uo4W-1 O) 

"". 
1 

i 
-~ 

.. 
Urus.,.hu::t All J e Se!ladA.ll · 

Figure 17-14 
-· 

______ . _..- -:::~ ~- or-Unseledeé:!~side you \vill~inove the:panertó -the-·óthe~~~: ---- ··- ·· -
-side. · 

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

17.2.5. Select Working 
· · Group (of Panels) 

The commaf!d Select 
- Worki.rig Group on the u ... .,._d a.,.. S•L•<So~d 1"'•• 

17-8 

Model menu impl.ies 
the selection of panels 
that w.ill make a ·cur
rent work.ing group: 
These will be the pan
els used to create a 
fence diagram after 
you click on the Re
fresh button. When 

~.~~·-~~ .... ----~--~~·~·--~-~.ry,_---, 
l
f'.~W-4~2....-JIJ') (I.M'-11' ww-11') 
(V>'II-tl..WW-D4q (lolW-lii>IW-111) 

!=!-cW:..~a¡ I(I.M'-q, _ _...~'l 
~(hi'N-4t_,....,...LU) 

1 

l 
r · ;;;;;;;:;;;;;:J r .. ·;;;;;;;,;;: 1 

1 "" ¡l·--1 

1 

,~:~:;"'--. ---::e·" .. this command is se-

t?~t .. _ ~eo~:~ ~~~,~~ai~o~~~ . Fii>trc 1:-15 
me 17-15 is displayed. Click.ing 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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17.2.6. Clcar Panels This comrnand is used tci remove additional "enhance
ments" toa panel. For example, you may,add lines either 

· · . - hand drawn or from the Mapping appl!cation. Also yo u 
may fill in a !ayer with a lithológk páttern. A panel may 
loo k as shown in Figure 17-16. Using the comrnand Clear 

17-9 

- .-_;. 

. . - : 

• 
• • 

· Figure 17-16-
~~-- .. ~:::·:.~---

Panels all content other thari litfioiogic ·¿J,}~ns will. bé -e 

eliminated and the screén displáy"may look as sho'wn in· 
Figure 17-17. Using this comrnimd a_ll·p'anels currently 
displayed will be cleared. · · ··· · · ,.. · 

·- . ··:·. .. ,-_. 
-·- -. ·._ "'"-

.. . ...... 

17.2.7. Maxim~m Panels are automatically creat~d~smiS(-~d Y:_<=oordi
,~:,t;·=~-~'-~cng!!l,:,_. nates of .welis. Sorne panels m¡¡y-:be .. top':_l~ng. Yoú may_ 

. t··:-c,_::: '::C: · · · ··reduce the length of ea eh pan!:!! by:assi~¡p maxirnum 
;;,:::>:. ' . - ' allowedlehgth. The dialogu~ ~ox)~~as Sh()Wn in:Figure 
-~ . 17-18. . ' -:,;:.~:~ - ~~-i: ... 

""~,__.-

·.-. 
- ~--~-;:2~. 

""'·· .. 
'~- -.. --_ ~ --~~==-~----

1 : :-

-· ..... ·:._·-. - ' 

---· ... -~-.. -.. .. r.· 

-'- . --_: 
!' "t . ' 

'-;.~: ... _)_. -~ 
~--.-

.. "'".>:.·:: _. .. 

-- :; -- ·_..:: -... 

·-·-.:• , : .. :- _ __:;;_: 

, _ ... r .. 
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Figure 17-17 

• . " 

- --~----· ..:... 

' ... 

--- -- --~- -- _.:____: __ ~ -- _:::.::_·.--..: tion a pplÍca tion. 
- -- - - · -- -.. . ... -:- -¡-- However, yo u -m a y ifi!EI 

' 

change units within 
this applica tion. 1 ; oK j 1 cancel 1 ...:: " ":::.. 

Figure 17-18 

When yo u select the Units command yo u 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 
Pla~f~~etePS ·· shown in Figure 17-19 will be displayed. Itis composed 

S~~:.: ·. -·of four parts: Coordina tes, Scales, Z Label Font and Col-

17-10 

-<_-:::~;.~- ···- · 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 val u es for all wells 
making a cúrrent working group. You may change this 

-~-~~--~--~~~ .. r~--~--~~-~~--~~--~ 
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X 

y 

z 

From 
,.;u:eJ~1 . 2342.63 

2316.86. 2390.52 

225 320.4 

S cales 

Horizontal 1 : ~ 
Vertical 1 : ~ 

feet 

feet 

feet 

. Figure 17-19 

\ X-YplaniJ 

\.X-Zplá'ne:J 

\ v-zplal'e] 

manually in this dialogue box. Normal! y yo u may want 
to incre<Jse thc top elevahon (Zmax) lo enhancc the to
pography. Or you may want to elimina~e 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 Mappingor Cross Section applications. Re
member that this is a "quasi" three dimensíonal presen
tation on a two dimensional plane (screen or paper). The 
final dimension of a drawing will~epend on severa! fac
tors: on horizontal and, to lesser extent, vertical scales, 

. : .. on angle of rotation arounstX axis (to be selected under 
.. the Parameters button) and on angle of rotation around 

Z axis. 

The best practice is to select different combinations and 
check the size of the drawing using the option Dimen-

., §i,On on the Drawing menu. · 



Ií.2.10. Viewing 
Parameters 

CHAPTER17 FENCE DlAGRAM APPLICATION 

The Z !abe! 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 rnost cases.) 

···. 

With the button Parameters yo u m ay control the follow
ing: 

• Rotation angle arouncl the Z axi?· 

• Rotation angle around the X axis. 

• Rélative projection distance. 

• Normal or central projectión. 

The angles of rotation enhance or hiele sorne pol"tions of 
·a fence diagram. The best practice is to experiment wi th . 
different angles and fine! .a combination which displays . 

---,.----~.:-oest-\.\,hafone·V>'a-nts to·preseil.T - - · - · --- · · · · · 

----~--------'----

-··' 

The relative projection clistance is a measure of the · 
viewer'slocation. It is equivalent to the diagonal of the 
three dimensional space that is displayed; and measured 
from the center of the spacc. It cannot be less than 1, tha t 
is a viewer is not allowed to. "enter" too close into the 
model. 

The dialogue box with paraméters is as shown in Figúrc 
17-20. Figures ·17-21 and 17-22 show the diÚerence 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, respecti vely in both cases. 

· The angles of viewing can be assigned in a more conven
ient way by sliding scroll bars in the rniddle part of the . 
left-side window. Sliding the bars in whichever way y bu 

· .. will rota te the coordina te triedar. When you wish to dis
play the new view click on the Refresh button. If you 

· haverotated the triedar, but ha ve decided not to change 
theviewing angles,_press the button Cancel. 

-~ . .-.. . " ' -

1 í-12 
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Rotation Angles [degrees) 

Around z-axis ~ 
Around x-axis~ 

Relativc. Projecioion Distance Lll _ __J 

0 Normal Projcction 1 ()K 11 Ca'nccl ! . 

Figure 17-20 

! 

j 
,-~~ 

1 

! 
1 
' 
1 
~-~ L -- - --- . . - , --

Figure 17-21 

1 

.··,· 

Figure 17-22 

17.2.11. Hand Drawn ···A free hand drawing is an option in this application. 
·• Lines However, you should work in panels. Each panel is an 

independent entity..You cannot extend a line from a 

17-13 
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panel to another in á straight forward way. (You m ay 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 pancls.) '<-

To start drawing a line click on the button Line +.As long 
as yo u do not click on the same button again, the points 
that you will be making usingthe rnouse 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, again click on the button Line +.In 

- -- - ~-' 

-- --- ----- -- --- - ----- --- . ---------

.. -·-----· -=·=::S--::~ _ ___:__~~====~---·-----

17-14 

. -- -- .. ------
---, : 

-

-----=-------- ---~--~ 

Figure 17-23_ -~- · 

. _. ~- · plotting terrninology this is equivaleri.f toPen U p. Click-
, · ing now with the mouse on the starting point of a second 

line is like the plotting cornmand ¡:>en Down. An exarnple~--"'.:;·· 
. is shown in Figure 17-24.- - ·- · ___ 

.-:.~ . ' -- ., ; 

-::. -~- feet 300 300 feet 

275 

--.1. ·¡ ., 250 
.... ;~.; ... -

Figure 17:24 

_-::· -· --
-~ _-: _-_ 

.. 
-~-

.· . 
. '·-. 

. ,~ . 
' ' ·.-_ 

; ·-
-~·-- ·-

- -~ 

: ,· 
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... 
To dele te a line click on the button Line- and click on one 
Or more 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 Clear panels in 

which case all what you have added to each displayed 
panel will be erased. 

17.2.12. Filling with 
Lithologic Patterns 

Very often yo u will want to fill a lithologic unit ora !ayer 
with its pattern. The filling is done in closed polygons. 
To fill the !ayer in Figme 17-24 with the pattern for dolo
mi te you need to add two more lines, each connecti.ng 
the top with the bottom of dolornite in both wells. If yo u 
do not clase the polygon correctly the colcir and pattern 
will spill and cover the whole paneL If this happens you 
will have to clear this paneL However, remember that 
the command Clear Panels will dear all panels that are 
currently displayed (or which make yom cmrent work
ing group of pimels). 

,, 

' . 

17-15 

When you have a closed polygon, yo u may select one of 
lithologic patterns which are displayed in the lower part 
of the lcft-side wi.ndow. Click on .dolornite, e.g., noti.ce 
that the symbol name becomes di.mmed and c!ick i.nsi.de 
the polygon on the panel. This acts as a pai.nt brush. The· 
final display is as shciwn in Figure 17-25 . 

. .. "' .::::: 

feel 300 300 feel 

275 

250 

Figzti'C 17-25 
-..:·~ . 
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17.2.13. Fine Tuning of 
Points 

- ·---------- ---
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You rnay fine tune the position of points and lines by us
ing the button Select. Aftcr you press on Select you rnay 
clrag any point on a line. Figure 17-26 shows one such 

_Figure 17-26 

. rño\-:e~ FigUre 17~2'i':Sli:ó\'.Vs th~_t_:by_rno~~0_g~~ -E~int:O~_:a_-::- _- :_ -~ --
. ------- ,-_ =- ..::......:..:::..:...:._ --~--=- ·-- ::· -~. ------------:-:--- ------e 
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------·- ---- ------·:-(")~----
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Figure 17-27 
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17.2.14. Points 

17.3. WELLS MENU 

17.3.1. Select Working 
Set 

17.3.2. Select Working 
Group 

CHAITER 17 FENCE DIAGRAM APPLICATION 

line which clases a filled polygon the new polygon be
comes completely filled with the selected pattern. 

You have two additional buttons: Points + and -. Al
though points can be drawn using the Line + button, the 
button Points + draws but do es not connect points. Like
wise, the button Points- erases a point but riot the line. 

To select wells to be used on a fence diagram is normal! y 
the initial step in using this application. You have only 
two ophons on this menu: to select wells that will make 
a working set, and to select wells that will make a work
ing group (Frgure 17-3). You can make a working group 
only from wells that make a working set. . 

You use the select Working Set option in the same man
ner as in any other application. Its use is explained in 
Chapter 5, section 5.3. lts purpose is to reduce il lMge set 
with many wells toa 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 v.;orkm·g 
group in severa! ways. One would be to use this option 
on the Wells menu, and manuálly pie k wells one bfone 

-from the Unselected list of wells. The other would be to 
use this option and apply one of selection conditions. For 
example, you could use well names, X and Y coordi
nates, type of aquifer and the like. 

. . 

·-- · An alternative to selecting wells by names or identifica
tion using this menu is to select them directl y from a _ 
map. This will be explained in Section 17.4. Whichever 
method of selection yo u choose, the list of selected wells 
willlook something like what is shown in Figure 17-28. 

17-17 
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Un:oelcCicd llcms 

IMW·Ol 

1
MW-02 

I

MW·OJ 
MW-O"'C 

Unsol. Condltlun 

Solcctcd llcm~ 

1 ¡:MW·06 MW-07 
MW-00 

! /MW-09 
MW-10 

Figure 17-28 

17.4. MAP MENU On this menu yo u ha ve three options: 

_ •.LoadMap -----..,.~---------·--·.""'-~:~ 

- --~.:. ~- -=_=:-~~.-:-~=::.==:. ='=" ===· =~-=: -=-=·-=-=~-=:.::o=-:=--==-=··=·~·-~-:~~~:~:~:-~:=:~:-~-:t· ~~~~:~~--~:~~~::;::::== ~ . --.. ·-
- .. -

..... - . 

. .. ---

- The Load Map option is a general optior1 for selecting 
wells either to make a Workíng Set ora Workíng Group 
of wells. Prior to dicking on-Coad Map yo u should click 
on either Select Working Set from Map or Select-Work-"· ·· 

· ing Griíüp 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 ona fence d.iagram. 

When you click on either Select Working Set or Select 
Working Group nothing visible will happen. GWW is 
only ¡:irepared for your next move, that is the real selec~ 
tion from a ma p. . . 

. -~?t -- •' 
17.4.1;":Eoalf Map· . This option is used for two purposes:. 

l. To cre_ate a worhng set of wells directly from ama p. 

17-18 
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2. To create a working group of wells directly from a 
rnap. 

17.4.2. Sclcct Working The sequence is normal! y: . 
Set from Map 

-l. Clicl<: on Wclls to open the rnenu. 

2. Click on Select Working Set and Unselect al! wells. 
This is irnportant because any selection adds new 
wells to the existing working se t. 

3. Click on Map to open the mimu. 

4. Click on Select Working Sét from Map. Nothing hap
pens. ., 

S. Click on Load Map. Wait for th~ dialogue box to list 
available maps. 

6. Select one of rnaps listed. -

7. Seiect wells to rnake a working sei using either Rectan
. gle, Points, or Area,. In. the case of Points, use other 

buttons on the righf side to complete the. s.election 
(End Points). In the case of an Area, after you circle 
an area (rernernber, in clockwise direction yo u are se
lecting within the area;,j.p the counterclockwise direc
tion outside thé area!) yo u should el ose the area (End 
POint) followed by End Digitizing button. 

8. Click on Select Working Set on the Wells rnenu to 
check whether these are the wells you wish to work 
with when creating a fence diagrarn. 

"". 

17.4.3. SeleCt Working The sequence is normal! y: ' '. -. ,.¡,. 

Group from Map -

-1. Click on Wells to open the ;nenu. --

}?-_;'""~:i:_· ~T;~: : 2. Click on Select Working GrÓup and Unselect all wells." 
.--;__::,~ ,~:.:'_·, .- _ .This.is importantbecause:ány.selection adds new 
_____ , · · : ~:- w"ellsto the existing working group. 

'· .. 3. Click on Map to open the menu. _ 

- . . ·: .. 

17-19 - '-_::-
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4. Click on Sclect Working Group from Map. Nothing 
happens. 

5. Click on Load Map. Wuit for the dialogue box to list 
available maps. 

6. Select one of maps listed. · 

7. Select wells to make a working group using either Rec
tangle, Points, or Area. In the case of Points, use other 
buttons on the right side to complete thé selection 
(End Points). In the case of an Area, after you circle 
an area (remember, in clockwise direction yo u are se
lechng wi thin the are a; in the counterclockwise direc
tion outside the area!) yo u should el ose the area (End 
Point) 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 diagrain. · · 

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 thc following: · 

l. Select Get Intersection Line. A dialogue box is opened 
with the list of available grid models (these grids are 
created in the Mapping application by making a grid 
model from randa m point values. 

2. Select one of availáble lines to plot . This line ~vill 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. 

.. 
" . •. 



·.:;..-. 

.,.:__;~-- ---;·.::::._. ---

17-21 

. CHAPTER17 FENCE DIAGRAM APPLICATION 

The Jines that you rnay norrnally display could be the 
following: 

• ground surface elevation; 

• water leve! at one or more dates; pre-pmnping and 
post-purnpmg water leve! showinga cone of depres
sion; 

• lithological contacts between forrnations; 

• stratigraphic cbntacts between stratigraphic units; 

• top and bottorn of an aquifer. 

Yo u rnay display or add toa fence diagrarn one or rnany 
su eh lines as shown in Figure 17-29. 

,_::z::;: 
...___ __ _ 

Figure 17-29 

Using this cornrnand you will finishyour drawing which 
you ha ve created by selecting wells, rnaking panels, se-. 
Jecting sea! es and orientation, and other attributes. He re 
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yo u will make legend blocks to enhance the drawing. In 
this menu you will also save the drawing by assigning a 
na me. Yo u will setup your printer and print the drawing. 

17.6.L Make Drawing With this command you are s•yitching 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 scn:en. 

17.6.2. Drawing 
Margins 

You will be 
f i r · s t 

prompted 
(Figure 17-30) 
to confirm 

.. the margins _ 
=oHhe ·ctra;v-

~~~~~~~~~===========ing~Ma 
---.. - .. ~------· -- in"thi"s o 

' -~· 

17-22 

. tion imply 
the amount 
of shifting the 
dra w ing left, 
right, up, or 
down within 

Below O 

Figure 17-30 

. the printiÍlg 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 crea te will be saved and assodated yvith a draw- · 
ing's name but it will not becom·e a part of the 
information 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 che mica! diagram anda step draw
down test diagram. You may print them provided you 



17.6.3. Save Drawing 
As ... 

17.6.4. Make Lcgend 

._." 
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crea te 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 
ts Save Drawing As ... after which you are prompted to 
give a name to the drawing. 

To crea te a legend block you rnust start with Make Leg
end option. Using this option you will position the leg
end block (box) onto the drawing, assign its X and Y size, 
and add sorne offset to the frame to rnove it from the 
drawing's frarne. You may make severa! legend blocks 
and place thern· on the same drawing, but yo u must fin
ish the complete creation of one block and fill its content 
befare you 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 o! map and legend 

Map Comer Point 
towcr lcft · · · 
Upper Left · 
Upper Right 
Lower Righl 

Legend Comer Point 
Lower Lcft: · ' ' 
Upper Left. 
Upper Right 
Lower Right 

Addilional Offset~ 

xls 1 YL_j 1 :f.ñí111 

1 OK --_¡_ 

1 Carict!1 j 

Legend Field Dimension [mm) . 

x IJs Y l2s 1 

Figure 17-31 
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l. Unless you are already in the Make Drawing mode 
you should select Make Drawing. The option Make 
Legend becomes avai.lable. 

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 ha ve four options: lower left, upper left, 
upper right and lower right. You ha ve also thc option 
to move the block from the selected corner both in X 
and Y directions, that is yo u may place the legend to 
any part of the drawing. 

4. In the same dialogue box decide which comer of the 
legend block will coincide with tl1e 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·dra>ying-and ·will-ext~nd-_to' 
the right and above from this-"origüf'. If you select _ 
upper tignt comer of tne'élrawüíg and upper l~f! ci:ir- . 
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 con1er points. Theo!fset 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 liÚ the position or tlze size of the legend 
block. You cmznot erase the.block witlwut clearing the wlzole 
cross section.It may Jzappen that t/ze frame of t/ze legend block . 

_ or its content willnot be fully displayed 011 tlze scree11 after tlie 
. 'block is created. Click 011 Fit Wnd button 011 tlzc riglzt to refreslz 

t/Íe screen. · 

_·, 



17 .6.5. W ritc Tc:\1: To 
Legend 
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NOTE 2. Ifyou do not specify tlze "Legend Fie/d Dimcrzsion" 
but lenve tlze twofields blmzk, yo u will be able to crea te a legend 
block without tlze frmne. This may be very handy if ymz are not 
stzre wlznt size of tlze block is ncedcd for tlzc text tlzat you intend 
to write. 

If you have created a legend bÍock by using the option 
Make Legend you may add sorne text to the legend. 

l. Select Writc Tcxt to Lcgcnd. Type somc tcxt onto the 
line in the Text to Legend dialogue box. 

2. Click on OK or press ENTER. 

3. The Font Selcction dialogue box offers you to selecta 
font from one of installed fonts. Select font farnily, size, 
and style. Keep in mind the size of the legend block and 
the length of the text string that yo u just typed. 

NOTE. The screen display in sorne parts of GWW is not 
Wlzat You See Is Wlwt You Get (WYSfWYG). 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 spacefor the block. 
One typicalline rnight be the word LEGEND . 

17.6.6. Write Scale to The program krl.ows which scales are·use-d for drawing 
_?~~~:;;pegend --_•-- a fence diagram. When you select Write Sea le to Legend, 
-o __ :_ ?c¿c GWW will offer a default text for the horizontal scale, 

17-25 . 

-e- -~""'" followed by-a default text for vertical scale. Yo u may ac-
cept these text options by pressing ENTER or clicking on 
OK, or you may override them by typing something else. 

...... 



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 optíon you will be prompted to select li
thological symbols that may appear on the currently dis
played fence diagram to ha ve them become a part of the 
legend. 

The procédure that follows assumes that yo u ha vean ac
tive legend block created by using the option Make Leg
cnd. If not, crea te first the legend block and position it on 
the screen. 

l. Select Add Lithology to Legend. A di.alogue box titled 
"Select Lith. Units" will display a list of alllithologic 
symbols that yo u ha ve m a de a part of your data base 
when yo u ha ve created welllogs using the Well Log 

-~-application._~This_eis_.the.same,list-oLwells-whiGh-is--- ----"~-
copied from-the-ASGII file l.:.[:fHóBH-:-as distributed--- - - -. ---- ~ 
with-the-program,-unless·you·have·used·another·file _____ ---- - · -·· 
éreated by you.The dialogue box may look'ás·snown·_ 
in Figure 17-32. 

Figure 17-32 
...... 

2~ Click with the mouse on a symboi" that yo u wish dis
played on the cross section. You should click on all 
symbols that yol!-·wish to place-on the legend befare 
yo u select OK. Jhis ensures that symbols will not be 
separated in the . .vertical succession within the leg-

- end. Select OK. Remember that by default GWW ere-

._._ ... 

,. -
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ates one syrnbo!S mm high. Thus if yo u wish to place 
6lithologic syrnbols on the legend, yo u need to crea te 
a legend block with rninirnurn height of 35 mm. 

· · · 3. The program offers now "Legend text for .;." the sym
bol that you selected, and places the default text as
sociated with this syrnbol. You rnay coniirrn it by 
pressing ENTER or clicking on OK button, ór you 
rnay type another text. Here again you rnay use lan
guage other than English! After the last selected syrn
bol is coniirrned, the prograrn will autornatically add 
these syrnbols onto the curren ti y active legend block. 
Figure 17-33 d.isplays a legend block created to de-

Figure 17-33 

scribe various lithological units that rnay appear on . 
the fence diagrarn. · 

. _NOTE. If yo u wish symbols to be separated one from the other 
· -- _·liy 5 mm, select only one symbol and press ENTER, then con-. 

·. firm the text. Repeat with the second symbol, the third until 
you select all symbols. The symbols will appear as 5 mm blocks 
separated In; another 5 mm of blank space in the vertical suc
cession. 
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17.6.8. Print Cross 
Scction 
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FigUrCl7-34 

Acompleted 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 rnay se
lect one of the 

Porua(t 

80 
1·. OK ' 1 
• X lt'; ~ 

1 Cancel] 

FigUTC 17-35 
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forms, and the program 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 may place a fence diagram tille directly on the 
drawing using the Make Legend and Write Text lo Legend op
tions. Or you may e reate a header or text field in the cross 
section reportingform. 71Ie first option is handy lo make a one
line lit/e. The second option is useful for making a tille with 
one or more lines using object field attributes (aligmnent, 
fonts, colors, border line thickness, shadow and the like.) . 

. . ~-

17.6.9. To Setup a· 
Printer 

Selection of pónters 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: 

17-29 

. l. From Main group seleCt Control PaneL 

i Select Printers. 

3. Select one of installed printers as a defaultprinter, or 
add sorne more printers to match your hardware. . ,.... -

4. Select Setup and modify whatever you want to mod
ify. 

S. Click on Setas default. 

6. Clase Printers and Control PaneL 

·.··. Yo u may dQabout the same from inside the GWVv. From 
within the GWW you use Printer Setup to change the 
orientation of printout, porl;rait (vertical) or landscape 
(horizontal,), the printing medium, the quality of print, 

.•. 
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nurnber of copies, colors for a color printer, and many 
more. Yo u cannot change the default printer! 

The dialogue box for selecting printer parameters is 
· ·· shown in Figure 17-36 for Hewlett Packard Laserjet III 

printer. 

Paper Si~e: 

Papcr ,S_ourcc: 

· M_cmory: 

Orientation ____::::==~=-------:-;::-:----= 
D P:1-::1:1 Pr.Jtr:dlnn 

IAJ O ~mbail 
® k_andscape 

,Gopi_~: Q 

, CanC~ 

llJ.ptiGno: :. i 
1 .EontL> 1 
1 AboÚl.~ ·1 
1 "i!olp 1 

--- -·--- -·-

.·• 

17.6.10. Dimensions of 
the Cross Section 

-~ .. -

...... 
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Figure 17~J6 · 

-:: 

You will use thisoption frequently_.to check the size of 
the drawing. The numbers are in centirrieters by default. 
The following is irnportant to keep in mind: cfóss sec
. tions are printed using either a default reporting form or 
one which you created. W_hen you create a reporting 
form,-you assign the dimension and position of the 
drawingfield. The dirnens!_9ns assigned using_the Tools 
option on- the main menu and Report Form Editor . 

. . should match the climensions of your current cross sec
.. · tion in arder to print its whole coritiint. ~·· 

For example, curre~tly you have a cross section report
.. ing form as a part of the GWW.OOO template, which is 

prépared for the drawing size 250 mm horizontally by 

' r.-



17.7. DRAWING 
STYLEMENU 

17.7.1. Draw Lithology 
Pattern 
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. 154 mm vertically-in landsca pe orienta tion, and 180 mm 
horizontally by 250 mm vertical! y in portrait orientation. 
If your drawing's 'dirnensions, 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 portian 
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 dirnensions of a 
drawing by selecting different horizontal scale ( of the XY 
plane) and by changing the angle of rotation. Changing 
the vertical scale you will not control the vertical (Y) size 
of the dra w ing, or a t 
most you will indi-. 
rectly change the 
size. The Drawing 

· Dimensjon di a- -
logue box looks as 
shown in Figure 17-
37. 

Verucol [cm[ 13.27 

·¡:-·./oK 
O gs 

Figure 17-37 

· When you check this box lithologic units/rnernbers wiH 
have lithologic patterns (sy-mbols) drawn. These·are the 
same symbols that yo u are using in Well Log application 
and Cross section application: 

NOTE. Yau are advised to remove the check froin this box 
wherz you are still working on a drawing. It takes time la draw 

•. lithalagic pattems arid symbols. Only when yau are satisfied 
with the drawing, its legend, and ather text you may add li
thologic. symbals. But add lithalagy befare yau ga ta Make 
bráwing mázu. There yau may alsa add lithalagy but it will 
nat be printed unless yau clase tlze Make Drawing menu and 
open it again. -•· 

. ,. 



17. 7.2. 2D Drawing 

17.7.3. Skip Undefrned 
Polygons 
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When yo u 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 rnay con
nect lithologic units, fill thern with syrnbols and pattern, 
and add sorne free-hand drawn lines. 

If yo u check the option Pararneters, you· will notice that 
the "Around X axis" angle was set to 90. 

Sorne of polygons may be undefined. Yo u 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 "in ter-_ 
section" lines, that is the ground surface elevation, sorne 
water levelat a certain date, lithologic rnernbers and the 
like. 

::=::=::=""'"':==="~;;-J.7.7.4 .. SkipcLines=-cSorne,pol)'gonscrnax~extendcabove-t:,h~'groundc§lll"face __________ _ 
--Below-an(I="Above:Log- -elevatiQ_n:~fld~rnay·have-litnplqgy.:_undefiDed:•Ehecking· :• ·· . '"' 

this box will prevent such polygons frorn being drawn. . _ 
---------:-------- ··-· -----~--------

7.7.5. Fill Panel 
Background 

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." 

. 17.7.6. Well Column -·-Just the sarne as in the Cross Section application you rnay 
Width control the width of well colurnns. The default is 10 mm. 
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l. Select Drawing Style. 

2. Select Well Column Width. . .. , .. 

3. Type the new number. Take care not to select a too 
large width in which case you rnay overlap colurnns. 

. 4. Select OK: . ·- . 

--- -
-. NOTE. You may use "zero" cohímri wültlz for special púr-

poses. 

'· 
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18.1. 
INTRODUCTION 

18.1.1. General Ground Water for Windows (GWW) allows you to crea te 
your own applications in which you will store, process 
and manage data other than chemical, lithologic, water 
leve!, hydrogeologic, pumping test, or grain size. Notice 
on the Main menu of GWW under the Applications sub
menu the Iast entry, User Data, Figure 18-1. 

s:2r 
-· -·~ .. 

Eumping Tests 
!:!ydrographs 
Mapping 
~ell Log 
Cross ~ection 
Fence Diagrams 
Stcp Drowdown Test 

·-§rain Size Curve 

Misccllaneous 
er Data 

Figure 18-1 

·: ·, Creating óne or more of your own applications, you ~ay 
keep data that belong to a specifis:. category under its 
own header. Fór 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, 



18.2. PREP ARING 
GWWFORNEW 

APPLICATION 
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su eh as Atteberg lirnits, 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 site ora larger area can be kept in a Surface-Water 

. appiication. 

The U ser Data application uses all routines and utilities 
which are common to other component~_of the GWW 
system. You may make a random model for user-data
specific entries, use this model to crea te location or con
tour map for your data, print reports with data in tables 
or in any other format designed by you. 

However, befare you start input of new data you must 
====:==:=========_ ==. =-prepare.the data base-for-a_._new-~p¡:¡lica~on:="qle:first-ste¡J_:-:-_:-:-_=_====_ -~ 

. ~---. -- · · · - -~ -is-to- go -to File-Struc- . --' -·--- · -- ----' --

18-2 

--== =-=--=:.-_::: ::_-tu"ie Editorand crea tea-

l. Select Tools under 
the Main meriu. 

2. Select File StrÜcture 
Editor. 

3. Click on File. Notice 
on the memi which 
is as shown in Fig
ure 18-2 two addi-

- tional en tries: 
New User File 
andO id U ser File. 

- 4. Select New User 
File. GWW opens 
a dialogue box as 
shown in Figure 

-18:3 prompting 

---, 

_t!ew_User Rle 
O Id !lser Rle 

Exit Alt-F4 

Crcat·~ :>tnxl\lrC f-r(Jfil $TD l>.:>CII 
Wrlte ~>tructnn:~ t0 ~.;T:: .t.\~; o¡ 

Figure 18-2 

Enter new file name 

1 Precipitationl 

Figure 18-3 
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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 
Precipitation, actual! y an application for storing and 
processing rairúall and e va poratlon data. lmmedi
ately after yo u type a name for a new application and 
click on OK, GWW will display the data structure 
with onl y one data i te m, Well Ident, as shown in Fig
ure 18-4. 

Data ltems 
.......... ~) ............... E§.J .. ;I, ..................... . 

Figure 18-4 

- ...... 

5. Select New and start cieating a new data structure. 
~~==="""~~~===~~~~~=:=~~=when"Yc,¡u~"ªre· fill.is_ñea~tñe~Cifaloggej2o;.;·m:a y~fjn;rll"'y_=_.=_= __ =,""_ ,==== 

_ 1 o o .1< - a s 

...... , 

-- -- -- --- s h·o w n--¡ n- Da1 
=----------Figure ¡-g:s:--- k-_;;::::;:;======;;;=~~ 

.W.~J.l ..... I.9.:e.n_~ ___ ... _ .................... 2 2----------~-~ 

18-3 

. . 

::--:::=:::.· -~~ 
::-~2-:::--::::~~--
--::-~ - :::---:--

~~~~~:=:._~: 

6. Click on OK 
and exit the 
Fdé Struc
ture Editor. 

The next step is 
to crea te a new 
entry form. This 
step can be 
omitted if you 
are satisfied 
with what 
GV'IW will offer 
by default. If 
yo u wish to cre
a te a new entry 

· form do the fol
lowing. 

Rainfall 10 N u 
Evaporation 
Serial 
T~po 

Comentarl.o 
RaJ..nfall record 
Evaporation record 

10 
10. 
10 
40 
20 
20 

N u 
eh 
eh 
er. 
eh 
eh 

Figure 18-5 
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l. Select Tools from the Main menu. 

2. Select Data Entry Forms Editor. Notice the last row, 
User Data, Figure 18-6. 

Customization 

ºata Structure Design 

·: Data .Entry Forms Editor .. Master Data. 
Beport Forms Editor 

!lnits 

.Qhemistry 
Eumping Tests 
Hydrographs 
Well Lag 
11_tep Drawdown Test 
Grain Size Curve 
User Data 

Fi:,~~rc "18-6 

3. Click on User Data. G'vVW will open a dialogue box 
prompting yo u to select one of user-defined applica
tions. Gv\'vV knows which applications you ha ve cre
ated by making new fUe structures. In this case only 
one application will be listed with the name Precipi
tation as shown in Figure 18-7. 

En ter u ser file name 

1 Precipitation 
-.. :- -. Figure 18-7 . 

4. Select Precipitation from the list of user-defined appli
cations. 



.. -

. -
' -

. -
·- . ·- -

--~---

. 
- . 

-· - - - - -

. 
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5. Now )'ou may crea te 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 creaban of 
entry forms is explained in details in Chapter 3. 

Single Fields 

Wellldent '" . .! 
Rainfall 
Evaporation --:-
Serial 
Tipo 
Comentario 
Rainfall record 
Evaporation record ~. 

Description '""'' 

District 
t=o-cality .~ _. -~ 

- .. -
- -~-

Owner . 
. . -- . ... -

X .. .. . - . - - -. -~-

y 

z r-
ZM ... 

-

Figure 18-8 

.. 
6. After you crea te an entry form save it using the option 

Save As .. under the File r::\~nu. 

The final step in preparing G'vVW for this new applica- ·. 
tion is to crea te one or more reporting· forms. 

l. Select Tools again on the Main menu. 

2. Select Report 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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Data J;ntry Fonns Editor 
¿.·. Beport Fonns Editor . Master Data 

.(;;he mi stry 

.t:umping Tests 

.t!ydrographs 
Well Log 

18.3. 
APPLICATION'S 

CONTEJ\'T 

Units 

- 2tep Drawdown Test 
Grain Size Curve 
Map 
Cross Section 
Non·standard Reports 

Figure 18-9 

3. From thé hst ofapplications select the one that you 
. wish to- crea te a reporting form for. In this example 

this will be the application titled Precipitation. 

4. Crea tea report formas explained in Chapter 3. 

5. Save this fórm using the option S ave As .. on the File 
Menu. · 

Now G~W is prepared for this new application 

... 
Since yo u may crea te more than one user-defined appli
cation, after you select User Data on the Main menu 
CWW will display a dialogue box, as shown in Figure 
18-10, wifh the list of áll newly created applications. 
When you click on Predpitation and confirm the selec-

- tion by clicking on OK, the display is as shown in Figi.rre 
18-11. The US'er's ?pplication main menu is comprised of 
the followj.n.~ major options: 

...-. ·-··- ..... _ 

_.,p¡:- .. 
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En ter u ser file name 

1 precipitation 

Precl ltatlon- - : · · " · ()K . J 

Figure 18-10 

Data Units Beport · Make Random Load Map Help 

BIB . . 
;,, . · U ser. .Files. Precipitation Bancos de San 

Biologica Los u¡r.=:=:====:;===:;===:;===:;===:;===:;===:;==:¡===:;===:;===:;===:;==:¡:=:=:=:===:j 
Corozo Panda 
El Manguito 

Serel 

la. Candelaria 
Tpo 

Ramfdll 

1144.00 2764.00 

-·-.· .. ;·' 
-:-,_ ·- . _-_- :-, ;. ' 

El Rastro 
========"'"""===1f!~~fB~~~!?Hª:Hk""c=m=.~,3~~,;~~a= __ =_~,_ ===P:::R,___J:·-"'.:.··.:.,·-"-~-~-'-"'--· -"'·~·-'="··,_·: .:.--"'-·"""'o.¡==o=====" 

-· .. - -

Eliminada Eceio 1991 

______ -_-_-_
1
_L_o_s_· _N_a_r_a_n_jo_s_-_

111
"'"""" "'"'"' -~------

1982-1991 

Ev.:por.:rton reoo"""'"-----
1982-1991 

Figure 18-11 

• Data 

• Units 

• Report 

• Make Randorn 

.• Load Map 

(::;;7Jt _ - · -- • He! p. 

The Entry form is the GWW's default forrn. 

18-7 

... _, .. -~ 
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18.3.1. Data The following options are availáble on the Data sub
menu: 

18.3.2. Units 

Sclcct Working Set. Trtis is explaihed 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 
UserData application will not delete this well from the 
data base, if the same well is used in sorne· óther applica
tion. If yo u wish to delete a well completely 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. Yóu may ha ve 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 names will be displayed for you to 
choose from. . ..... 

.Standard ASCII Input and Standard ASCII Output are 
explained in Chapter 5, section 5.5. 

Printer Setup. This is explained in Chapter 5, section 5.4. 
lt is a standard Windows routine which displays the dia
logue box of the printer driver tha t yo u ha ve selected to 
be the default printer in Control Panel of the Windows 
Main Menu. 

Exit. Selecting this option or pressing ALT +F4 will ternti
nate the work in this application and return you to the 
GWW main menu. 

You may view or modify currently selected urtits. The 
.. dialogue box as displayed in Figure 18-12 will be 
. opened. 

18.3.3. Report The following options are available on the Report sub-· 
menu: 
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Curren! Sctling5 Select 

Roinfell mm · · 
Evo.poration [mm] 
X [m] 
y [m] 
Z [m] 
ZM[m] 

• Print Report 

• Select Table Forrn 

• Select Record Form ... 

m 
cm 

'ól(: l 
Cnn~l j 

Figure 18-12 

· The dífferences between these options are:explained.mc __ ·.e_ 

---~ __ =-.= _ _:__C~ap(er 6,__~ection 6.~3~ ·= -- -- -_ -:_- _ . 

18.3.4. Make Random This option is discussed.i.nChapter ~, section 5.6. It is one 
of the most irnportant options provided in the user-de-. 
fined applications. Using this option you will create an 
interna! file which contains randorn points and their X 
and Y coordinates, well identification and a space-de
pendent nurnerical parameter. This pararneter may be 
average armual rainfall for a clirnatological station, a ver

. age annual evaporation, or anything else, depending on 
which data you are storing in this application._ 

18-9 

- -·-- . 
· When yo u select Make Random option GWW displays a 
dialogue box, as shown in I'igure 18-13, with the list of 

· · all space-dependent pararneters for this and Master Data 
· · applications. Entry Rainfall is selected to crea te addi

tional figures included in this chapter. 
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This option, which is discussed 
in Chapter 5, section5.3.2, is also 
one of the irnportant features of 
the GWW system. It permits yo u 
to reduce a .large set of data 
(wells, samples, stations) to a 
smaller set directly from the 
map. 

1 · OK. · l \ Cancel j 

18.3.6. Help This is a context-sensitivc help 
which contains most of the ex
planations, procedures and rou-

18.4. USING STORED 
DATA TO CREA TE 
THEMATIC MAPS 

18-1 o 

tines that are applicable to the user data application. 

After rainfall data, e.g., are entered anda randorn rnodel 
created using the data entry Rainfall, you may use the 
Mapping··application to create two maps: (1) Location 
map showing locations of rneteorological stations and 
their narnes (see Figure 18-14), and (2) Contour map of 
average armual rainfall expressed in mm/year (see Fig
w·e 18-15). 

Figure 
18-13 
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Figure 18-15 
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CHAPTER NINETEEN CONCENTRATION-DEPTH 
SERIES 

19.1 

INTRODUCTION 

19.1.1. General 

Using this application you may create a data base with 
various chernical 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-
- ···t-. . •. 

gresses. Likewise, in saline water environments such as 
in coastal aquifers, the sa!inity stratification is often the 
case. 

~~--'-c·-~=-'-'-'-~--'------.::...1 .The.data.baseis in a form.ofindividual.tables;-one for-a.':-~~-:-- ------

----===== 

' •. 

19.1.2. Application's 
Content 

19-1 

~weU, plus sorne general_ini()f1Il¡¡!ion that may_¡;lso 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 line 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 
. presentation. , ___ . 

As in other parts of GWW, you may crea te graphs and 
save them for fa-ter printing: 

This application is a part of the Chemistry application. It 
branches off from Chernistry as shown in Figure 19-1. To 

. activa te it, you should select Applications, then Chernis
-try, and then Concentration-Depth. 

As shown in Figure 19-2, the Concentratioñ-Depth appli
cation is comprised of the following major options: 

. ~- .... 
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CHAPTER 19 

Cross ~ection 
fence Diagrams 
Stcp Oruwdown Test 
!!rain Size CuiVe 

Miscellaneous 
!l_s'er Data 

CONCENTRATION-DEPTH SERIES 

Figure 19-1 

3 Chemlstry- ConccnbiUion/Depth !c:\behraln\bahraln.i"NN !99 
Q11111 !11blcs l.og Dcslgn Dlallry Bcports !lptions Load M.ap M11kc Bandom 
tlelp 

5/5 'h ·.,. · · ChemiStry Woii-Lcig: .. '' ·.: 1 bii. -o----
,:· . ... . ,.-

1 117' 

""' 
Woltlut --112'1' 1116 lb\ '-Z" Rd:l.lDia Qbgorva u 0111. Wgll 

tiC . ' y ¡z 1 ... 
U:i03JO 288255'3 28. '?9 29.59 

Figure 19-2 

• Data 

• Tables ·•· 

• Log Design 

• Display 

• Reports 

• Options 

• Map 

• Make Randorn 

• Help 

Prior to using this application you rnust rnodify the file 
strucnire for "concentration - depth series" to rnake it 
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compatible with the parameters that you wish to store, 
display, and retrieve as reports. 

From the Main menu on GWW, yo u should select Tools, 
followed by Data Structure Design. This activa tes the file 
structure editor. Select Files, followed by Old. From the 
list of interna! data structures select the one labeled 
Chern_Conc_Depth_Tab. In the default template, 
GWW.OOO, which comes on the distribution diskette, the 
only entry tha t is prepared is Depth. Using the editor ere
ate your own list of chernical constituents that yo u wish 
to store in the data base. One of su eh lists is shown below. 

Depth 10 -Nurn(Dim) Fixed 2 m 

Cl 10 Nwn(Und) Fixed 2 

Na 10 Num(Und) Fixed 2 

TOS 10 Num(Und) Fixed 1 

Conductivity 10 Nwn(Un.d) Float 1 

As it is prepared, one may store, display and report data 
~ _ _: Qn chloride,~sodillll}; total·diss_ol1[ed~s_olids;-anc:ton~con- . 

ductivity of water. _ 

The Data menu is shown in Figiue 19-3. In this ménu you 

Figure 19-3 

select your current working set (reduce a large set to a 
smaller, thematic set). You may check which units are 
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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 ha ve eventually created. You may also de
Jete a record. You may read general data on sampled 
wells (coordina tes, elevations, descriptions, names, etc.) 
from an ASCII file, or you may save such data toan AS
CII file. This menu deals with wells and not 1vith tables. 
Atable is the place in which you type chernical constitu
ents as a function of depth. This 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-

Frj;ure 19-4 
..• ,, 

move sorne 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
CII files. 

The Log Design menu is shown in Figure 19-5. The com-

Figure 19-5 

·-·---
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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 yo u may ha ve ente red the values for Na, Cl, · 
: TDS, and conductivity, you may decide to display 

and/ or report only total dissolved solids. Second, you 
may assign sorne attributes to the constituents to be dis
played: line and fill color, linear or logarithmic display, 
bar or line type of graph, minimum and maximum con
centrations to display, etc. You may also select the verti
cal scale for the graph, and control widths of individual 
columns used to display constituents. Finally, you may 
control the fonts used to label the graph: On this menu 
you design a "display" log, yo u edit it, save it, or· select 
one of available designs. 

T11e comma.nd Display does not ha ve any other sub
comníands. It does what it says. It displays a graph with 
data from table connected to a currently highlighted 

----'-------.;__sample,-using·the·design-for·the·gr:aph-asccurrently·se=-:.-_ .-~_-_-__ ·--'_'---'_-_ 
===="==lecteel.. . 

---------· ---The-Reports ·menu-is-sliown_in_ Figure 19=6:-USmg- the 
commands on.this menu, you may print a graph, or save 
it for future printing, or mixing with other graphs. 

---· 
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Figure 19-6 

The.Optio:tLS· menu allows you to switch between parts 
· per million (PPM) and equivalents per million (EPM). Of 
cou:tse, this will apply only to charged ionic constituents 
·for which conversion factors are available in the auxil
iary file PPMJOEPM.TBL. · ,. 
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19.3. TABLES MENU 

19.3. L Edit Table 
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The Map menu is éxplained in Chapter 5, Section 5.3.2. 
It is used to load a map and select sampled points di
rectly from the map: 

The lv!ake Random menu is also explained in details in 
Chapter 5, Sectiori5.6. Itwill be used for creating location 
or site maps show[ng sampling points at which depth
variable chemical data are available. 

_."..!""J. 

The routines on this menu are eqüivalent to similar rou
tines in other applications. For example, see Pumping 
Test, Hydrograph.S; Step-Drawdown, or Grain-Size ap-
plication. · 

Using the commands on this menu yo u are creating your 
data base as it refers to concentration of selected con
stituents with depth. You may importan airead y created 
tableas an ASCIIfile, eme for a sample, or you may use 
the GWW editor ... : · 

When yo u select tl1éEdit Tablecommand fór a new sam
ple, the editor displays an empty table listing all con
stituents that you h~ve listed in the Data Structure on the 
Tools menu. In the case of only four constituents selected 
"(Na, Cl, TDS, and G:onductivity),· the table may lookas 
shown in Figure 19-7,.lf you are going to editan existin"g 
table filled with data, the display may look as shown in · 
Figure 19-8. ·: ~- · · 

-. ~-

_.-_. 

.:.-::. 

-· -. 
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O ~O ' ' ., o0 :., ,_A 0 O ' 0 O O 0 0 

.Q.ata !ables .!.,og Deslgn Di~play Beports Qptions Load M_ap Make Bandom 
Help 

1112\ Chemical Con5tituents 

Figure 19-7 

-·:;:: .. -··._·_.--;_ .... -,:.-.-~- ·:': .. · .. -' 
.Qata Iables 1og Design Di¡¡play !!eports Qptions Load Map M 

------------
Figure-19-8--~-~-- -------- -

- - .. - . -~--== ·- To-edit data-, yóu use Standard GWW-comní.ands:-TAB·to-· 
rnove frorn one field to the next, Shift+ TAB to rriove 
backwards, CTRL+I tu inserta lint!., CTRL+D to delete a·· 
line, Tl1e prograrn does not check the sequence of depth 
entriés. Yqu are expected to use the logical sequence; 
fr.om shallow to deepú. ~ 

19.3.2. Save Data ""When you finish typing the data you will 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 rnouse and click on Tables on the menu bar and 
click again on Save Data.· 

•· '"L. 
19.3.3~~t:-)\rithout You rnay decide only to view the data without saving 

saving 

19-7 

them~ Again, you have two ways to do it. The first is to 
press the Ctrl key and simultaneously press the X' key. 

·• 
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The other way is to use the mouse and click on Tables on 
the menu bar and click again on Exit (Don't save) . 

. The data tables can be created outside the GWW package 
using a text processor. The forma t is similar to the format 
in other applications. One such table is reproduced be
low. 

<Depth> <Ci> <Na> <TOS> <Conductivity> 

190.00 12200 6300 22600 29800 ...... .,. 

240.00 24300 12500 40000 51200 

290.00 '39300 20000 64500 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, Cl, etc.). These must be typed exactly the 
same as they are typed in Data Structure (in 
Che m_ Conc_Dep th_ Tab ). 

NOTE. The "depth" entry is protected. Yo u cannot c/zange the 
word or the way it ·is typed. GWW expects the word Depth 
which it uses intemally . . 

. . . 
Usmg the command Standard ASCII 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 to a file. Spreadsheet program creates nor
mally ASCII files, which then can be directly imported 
intoGWW.) 

Using the command .. Standarcí ASCII Output you are 
·saving the data tables in ASCII format, such as the one 
· shown above. 
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':.-

19.3.5. Depth Units The units for dépth are nonnally specified in Data Struc
ture, in interna! file Chem_Conc_Depth_Tab. However, 
you may change the units from within the application, 
using the commang Depth Units. 

19.4. LOG DESIGN 
MENU 

... On this menu you_~ave five options: 

• New Log Design· _ 

• Old Log Design 

• Edit Log Design~ 

• Save Log Design: _-
- ·-· 

• Save_Log_Qesigil As 
. - - -- - . '-

---------------

· After yo u h-ave.éreated data table you will want 'to disc 
---- --- ----- -- -_------ play graphs s!-lowing-how concentratlon~ofone or mÓre-

constituents changes with depth. Befare you can display 
a graph, you need tp crea te, modify or edit the design of 

. such presentation. Ii1 GWW terminology, we use Log De"
sign, implying that-_this is a vertical presentation of· 

- chemistry with depth_:_~ 

-~: ·:;¡,. __ ,_. 

19:4.1. Ncw Log'Dcsign .. When you seiect New-Log Design GWW opens a dia
logue box as shoW:n m Figure 19-9. Sorne of components 
in this dialogue apply·to·the general layout of the dis
play, such as Heading height and column axis height; 
fonts_ to_ be· used on the graph, units for depth and leve!, 

19-9 

-- and scale of the graph. -The right si de of the dialogue lists 
- ' all available constitilentS.(taken from Data Structure or 

-from the interna! fife Chem_Conc_Depth_Tab). You may 
sehict one or more constituents to display, and by click
ing on the button Attributes control how each constitu
ent will be presented~,.-·, 

' -·· 

- -. -:-. ', . 
>. 

·:.·( ::_ . --- - ... ·-_ 
_ :.- ' - -- . ~ . 
- - . 

. ~.·; 

·, ... : ... _,_ .. 
- - -~- ·. 

-.,- - .. 
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=¡ _ C~emiJ!Y- co~a:nvo•lanJDtprh Jc..'\llohreln\bo!l.roln P""'1 l'"rn 
C••• Iobleo Log Oeolgn OIIJ>II'y E!,tpana Qpliuo Loul.bi•P l.llab: Bo<>dam 
Hclp 

-··.' ,. 1 
1:, Hudlng Hclghl [mm[ [~ fleldo Seluu" 

~ Column A><h Hclghl[mm[ ~ " " Di 
,. '• 

f:;-H.._;-~g Fem•) l\"tiiCílf<:lll\•?1 "" "" CondudMiy CandudMty 

Dtplh / Lcvr.IIJnll lm 111 u Scatc 1: f•coo 1 

Sc.olc Cotumns 

1 ''" '' f'" :!l Plal ~Oeplh 0 Plol Oocplll 

0 L.:v.l ®leve! lfd<('jl~•l 
~ 

Column Wldlh [mm[ ~ f·::Ceqcdó4j f;$írtCJ 

1 lig I1IE!I UD 
Figure 19-9 

You are selecting or W1Selecting a constituent by high
lighting it. If you 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 yo u 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. 

Below is explanation for ea eh of options in this dialogue 
box. 

_ Del ... Removes a constituent from the "Selected" field. 
Highlighrth.·e constituent you do not \-vish to display and 
press Del. · 

.. 
Heading Height ... Using this option you rnay change 
the height of the header row, with narnes of constituents, ·· 
and words Depth and Label. The values are in millime
ters. 

Column Axis Height ... Using this option you select the 
size of the row in which individual concentra !ion values 

.. are displayed. 

Heading Font ... Yo u rnay select- fonts (farnily and size) 
for the header row. · 

Axis Font ... You rnay also control the font you are going 
to use for displaying individual values of constituents. 
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Depth!Level Unit ... Although the unit is preselected by 
yo u in Data Structure (the unit for depth), yo u rnay over
ride your selection using th.is option. 

Sea le ... Depencling on the depth you are going to pre
sent and the paper you will use to print the graph, you 
rnay change the scale. 

Column Width ... The width you type here refers to the 
width of vertical colurnns in wh.ich Depth and Leve! val
ues are displayed. The default is 15 mm. 

Plot ... The graph is designed to plot either Depth or 
Leve! axes 'on the left and the right. Yo u ·rna y control 
whether you wish to plot one, both, or none (?) ordinate 
axes, and where you will place the depth or leve! axis, to 
the left or to the right si de of the gra ph. 

----"-~----19.<t.2 .. Attributes_When.you selecta constituent or a-GherniGatcliagrarn-pa:.-- ..:____~-::-:----
· · ·· ·-- - ·· rarneter,-you·rriay'-coñtroi-the~way in-wli.ich·tl\.is particu::- ·· - ·---------

---

..... 

19-11 

___ _ lar constituent or-pararneter will-be clisplayed.-Youwill
use the button Attributes: The dialogue box as shown in 

· .... - · FiguÍ·é 19-io will be opened. 

~~ -Ch~mist,.Y- ConcentJIII.Jon/Depth !c:\bahraln\bllhram.c;rww! ¡ ... f= J 
.Q.!II.a !11blcs l.og De~ign Di~lay Beports Qpllon-:: load Map Malee Bandom 

1 

Sclected 

Figure 19-10 
__ ., ..... 
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The entry "Colwnn Heacling" 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 colwnn and graph width allow you to 
increase or reduce the size of vertical columns in wlúch 
data (concentrations of a constituent) and graph (its 

. graplúcal presentation) are clisplayed. While you may 
select the width for data, yo u are advised to keep the box 
Auto Size checked. GWW will then automatically select 
the size for the colwnn in wlúch the graph is clisplayed. 

The Graph Type option allows you to select either line 
or bar graph. The Axis Type option allows yo u to display 
data as linear or logarithmic series. The Extreme Values 
(minimum · and maximum) option lets yo u select the 
range of concentration you wish to display. 

For each constituent you may select color for lines and 
for fills. · 

Since you may crea te one or more designs for clisplaying 
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 Log De· 
sign, the list 
of al! avail
able designs 
will be 
.listed, as 
··shown in 
Figure 19-11 .. 

Cond Cl N11 TOS 
Cond~cti~1ly-

. Figure 19-11 

1 OK 



1 9.4.4. Save Log 
Design and Save Log 

DesignAs 

19.4.5. Edit Log Design 

19.5. DISPLAY 
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When yo u 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 different name. For this 
you will use the option Save Log DesignAs. -

The sarne dialogue box as the 6ne shown in Figure 19-9 
will be displayed and you rnay proceed with its editing 
in the sarne way in which yo u ha ve created a new design. 

Figure 19-12 displays a graph with conductivity as the 
§~~~~~:='=:::::=:=~:::_::::;::E~-onl y..:.pararneteuelected:::Figure:19.=13:displays~a:gra pl:),~_---_ -- · ·_ .;. 

wit:l1four differentconstituents and/or parani.eters:- --------~ 

19.6. REPORTS 

_.,... -

19-13 

You rnay print a depth-concentration graph using the 
option Report from the application's rnenu bar. As 
shown in Figure 19-14 you will have to select between 
two reporting options: 

_ • Print Graph 

• Print Table 

The option Print Graph will print the graph of the sarn
ple currently selected. The option Pri'nt Table will print 

__ inforrnation, in a tabular forrn, for all wells/samples that · 
· cornprise the curren! working se t. The information 
which will be printed \vl1t·depend on what you ha ve de
clared in the report form. When you select to print using 
one of options in the upper two lines of the menu, the 
prograrn will prornpt yo u to select a reporting forrn. 

- . ~~· -
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"' 

., .. '•' ,; '-
"""'"···· 

" '•" :· " ~ ~ .,., ' 
'"-' '_, 1' -:·:· . : ~ . 

. <·1~::H:::.:·.: .. :·-··,·· 
, '• .,.~ n" ., , 

' ' .- ·' " ~ . - ~ -

Figure 19-13 
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s !,og Design 

Figure 19-14 

Yo u rnay also save a depth-concentrahon graph for plac
ing it on a nonstandard reporting form, eventually 
mixed with other graphics. For this, yo u use Save Draw
ing option, followed by Print Nonstandard Report from 

·this or_anothercappliEation. - · ·-~ 

Using this command,you may switch between parts per 
million (PPM) a·nd 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 equiya}~n;_s_ per mil
lion, and vice versa .. This opUon.is also important to 
correctly import data tables as ASCII files. Depending on 
whether the data are prepared as ppm ·or epq1, you rieed, 
prior to importing ASCII 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 ha ve been prepared as epm, yo u should fol-
low the sequence: · 

l. Select Options andseled Show EPM values. 

2. Select Table and select Standard ASCII Input. 



19.8. MAP-
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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 

Set from Map 

-· 

19.9. To Setup a 
Printer 

l. Click on Data to_ open the menu. 

2. Click on Select Working Set and Unselect all wells. 
This is impórtant 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 tbe selection 
(End Points). In the case of an Area, after you circle 
an area (remember; in clockwise direction yo u are se
lecting within the-a:rea; in the counterclockwise·direc
tion outside the area!) you should el ose the area (End 
Point) followed by End Digitizing button. The wells 
(samples) will_be listed in the left-side identification 
window. -_ -- - · 

···. 
"''' 

·-.. 

l. From Main Groú¡)select Control Panel. 
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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
ify. 

5. Click on Setas default. 

6. Clase 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 printout, portrait (vertical) or landscape 
(horizontal), the printing mediurn, the quality of print, 
nurnber of copies, colors for a color printer, and many 
more. Yo u cannot change the default printer1 

··~ ·-

The dialogue box for selecting printer parameters is 
shown in Figure 19-15 for Hewlett Packard Laserjet 
4/4M printer._ ~ ______ . __ 

Media-----------, ÍOrienlatlon---,

1

¡ .. ót(. ··J 
P11per S•z.c:_ !M 2:10 ;o; 2!7 mm 1 ij 1 

'-

~::;:=======~ · fAt ~ Pa[trall· · - j , é~~~ ,.~ 
'::1Au=1o=S='::=-''d:::_ ___ .....JCI:t:.J ~ O l.~~nds~pc 
EJl 

Pepcr .S.ourc.c: 

Copies: . 

Pr1n1cr Rcsolullon 

o §.00 dpl ® 100 dpl 

. Figure 19-15 
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In the following example you tvil! crea te data structure, 
use the default entry form supplicd by GWW, and enter 
data with the following depth-dependent constituents: 
toluene, phenol, an? benzene. 

The data to inpi'ú are the following: 

~ 

beoth Toluene"i' Phenol o¡; Benzene· 
.~ 

5 . 1 o 1 o 1 o ' 
10 1 50 25 . 125 . 

15 100 65 120 
20 1000 75 70 
25· 155 25 o 
30 o o 1 o 

Since the range of "toluene is from O to 1000, you may 
se!ect to display toluene in logaritlunic scale, and the 
other two linear! y . 

... 
l.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 clisplayed. Select File, . 
t he n O Id. Lo cate t he interna l file ti t 1 e d 

Chem_~onc_Depth..:.Tab. 

3.Notice. that there is only one entry, Depth. If yo u are 
wo~~g in feet system, yo u maywant to re place the 

· default unit for length, which is meter for foot. 
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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 diinensioned since 
the concentrahon 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 arithmehcs). 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. 

New ·· 1 1 fdlt . l 1 OeJete J 1 · oK · · j 1 canc~l ! 

Figure 19-16 

. 7.Close the dialogue box by selechng OK, select File and 
Exit. -The new data structure for depth-concentrahon 
is created. 

8.Click on Applications on the GWW Main mertU, then 
on Chemistry, and then on Concentration- Depth. 

· 9.GWW will display an entry form which will ha ve only 
one fil'!ld, Well Identification. The cursor will be in 

this field. 

10.Type the well number, say MW-1. Now finish the in
put by pressirig Page Down key once to complete the 



-
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entry, and second time to highlight this well and 
make it active. Altematively select this ':"'ell 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
umns (Depth, Toluene, Phenol, Benzene), each with 

MW-1 Chemical Conslituents 
·. Depth[m] .· 1 . Toluene · · 1 Phenol · 1 Benzene ' 1 
·• • • - ¡_ 0.001 0.001 0.001 

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 
typed row, that is 

leave the cursor in the last 
30' in fue fourth col WIUl, and 

-· . Figure 19-18 

press the combination Ctrl S. (Alternatively;you may 
click on Tables, and then on Save.) 

. 13.Now yo u will crea te your own log design. Select Log. 
Design on the menu bar. Select New Log Design. The . 
screeriwill display the three constituents as "selected . 
. fields", as shown in Figure 19-19. 

14.Change the scale from the default 1000 to SOO .. Click 
onOK. 

15.Now you may see immediately the graph. Click on 
Display. The default parameters are used to display 

.. 
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''"" 
~· 

[,",.·.~·-:.·· ~ .. : '· ¡~·. .. ; ~ '• '. '. ~~j.i. :'l/. :;~,; ,.~·~·:· ~· ... -" ' ., .. ;,, 

Hclld!n!J Hcight [mm] ~ Fidds Sdcdcd 

Column Axis Hcighl [mm] ~ 
Tolucnc ITohJtnc 
Phcnol Phcnol 

1;. t!C;dTñg f!Jnt:v¡ ¡- -~·=-¡ 
Oc:n<:cnc Bcnzene 

~~:-; kds .J:_o~l ~· .', 

Dcpt~ 1 Lcvel Unit \m @.1 
Scalc 1: !1000 

1 ... 
S cale Column:: 

1 

1! 
-

Lclt R1ght 

8Plot ® Ocplh ~ Plot O Ocpth 
i ~·oet;.J l'~u~~b_Ü1~;J O Lcvcl ®Leve! 

Calumn W1dlh [mm] ~ lr~:c~n~t-'7} ¡::;:.::.oK:~~~f 

Figure 19-19 

this graph. The display is as shown in Figure 19-20. 
·click on the button Close to remove this ¡,rraph. 

Figure 19-20 

"" •• 

.•' 
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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 dialogue 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 Minirnwn and Maximwn type 0.1 
and 1000, respective! y. Click also on Fill color and se
lecta color. Click on OK to dose the Attributes dia
logue. Now replace the word Toluene in Colurnn 
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. Close the display. 

. . ' . 

-·.- •.. 
• 
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.:=~::;~~: 
"selected" lis t. :f!ighligl}tJ'óluene and click on Attrib
utes. Notice that _the \~{dtlfof the graph field is still 
25 mm. Click on OK ·<lo!)-:CLthen repeat highlighting 
Toluene and selecting A!lrlbutes. Notice now that the 
width of graph·is 105 rfuil;'This is automatically cal
culated, since·there will'bé~only one graphic field. 
Click on OK and selest'_I:5i~play. The display is as 
shO\\'TI in FigurE'! 19-22. ·..;,t ~e · · 

.-:_- ... ""'-~~< . 

... ·- .. ~-- ..,_ 
:: ~ ~ Fi~;éJ.ff22 -_ 

- .....,-;..' .,._. __ _ 

19.Ciose the display;~t fu"'it~¡%lication, and exitGWW. 
~ -- • - '?'"'' • 

""C.-- •. ;;:-!?::~_ 
L - ... 

This ends this exa¡-¡;.pli. · _:::::;~:2 
.. :. . :~ ~~-.. ~?f~~:~. 
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CHAPTER TWENTY CONCENTRATION-TIME 
SERIES 

20.1 INTRODUCTION 

20.1.1. General 

20-1 

Using this application you may create a data base with 
various chemical 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 environments such as in 
coastal aquifers, the sea water intrusion may take place 
after a prolonged purnping. 

The data base is in a form of individual tables, one for a: .. 
well, plus sorne general information that may also be a 
part of the data base. The display is user-designable. Yo u 
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 application is a part of the Chemistry application. 
Actually it branches off from Chemistry as shown in Fig

_ure 20-1. To activate it, you should select Applications, 
. · then Chemistry, and then Concentration-Time. 



-. 

---· 

.-
CHAPTER20 ·- ·. CONCENTRATION-TIME SERIES 

-~--

. \ ~ _..;_: 
--_:....:_.;~ ;-.:-..;-_- . 

-. 

:~ "• 

fumping Tests_~ 
tlydrographs'· .,' 
Mapping ·., ·.· 

Well Log ·::' 

Cross Sectioñ-= ·· - - .--'~·. 

Fence Diagrams 
Step Drawdown T~st 

__ §rain Size 

<~~~~:W: .. .;,.·.::-- ,__, •. ,. ·-
"'?'_j_ 

--~~---

·: _;, D.ota :.· I•bles,;log !)cslgn 
·.:¡nter¡ioi•Uon;·_,!léi¡iT .. · 

·-

•• 

Chem Conc Time 

... 
•,·"· : :_..,.,·,--, 

- .. 

"--~- . 
. :· 

.. _" 

, .. 

. ' ~---.- ·-~~-

. -- -· 



20-3 

CHAPTER20 CONCENTRATION-TIME SERIES 

• Load Map 

• Make Randorn 

• Lnterpobtion 

• Help 

Prior to using this application you rnust rnodify the file 
structure for "concentration- f:4ne series" lo make it com
pi1tible with the parameters lhat vou wish to store, dis-
play, and retrieve as ·reports. . ' 

From the iv!ain menu on CvVW, vou should select Tools, 
' followed by Data Structure Design. This activates the 

file structure editor. Select Files, followed by O! d. From 
the list of interna! data structures select the one labeled 
as Chem_Conc_Tínze_Tab. In the default templa te, 

_ CWW.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 wish 
to store in the data base. One of such lists is shov·.rn below. 

Date 10 Date nun/dd/yy 

Cl 10 Num(Und) Fixed 2 

Na 10 Num(Und) Fixed 2 

TOS 10 Num(Und) Fixed 1 

Conductivity 10 Num(Und) Float 1 

As it is prepared, one rnay store, display and report data 
on chloride, sodiurn, total dissolved solids, and on tcon-
ductivity of water. · 

T he Data m en u 1 s 
. shovm in Figure 20-3. 
In this menu you se-

·lect your current 
working set (reduce a 
large set to a smaller, 
thematic set). Yo u may Figure 20-3 

.,. 
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check which un.its are currently used for general data 
(sampled well coordina tes and elevations). You may se
lect one of entry forrns that yo u may ha ve eventual! y 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 ASCII file, or you may save 
such data to an ASCII file. This menu deals with wells 
and not with tables. Atable is the place in which you type 
chemical constituents as a function of time. This latter is 
done using ú1e menu Tables. On this submenu you will 
select the Time Interval in wh.ich you wish to display the 
data. That is to say, yo u may crea le a data base spanning 
a very large time period. However, when you wish to 
display or print the data, you may select asmaller !ffi1e 
interval to emphasize the time-dependent values. 

The Tables menu is shown in Figure 20-4. Using this 
menu you either type your data, ed.it table, add or re- · 

Figure 20-4 

move some rows in the table, sá.ve data, and ex.it (clase) 
table. Just the same as in other appl.ications, you may 
save your tables (time-concentration data) and/ or im
port them as ASCII files. 

NOTE. One table is saved in one ASCII file. 1f!·-· 
-.-- -·c-.cc· · The Log· Design menu is shown in Figure 20-5. The come 

mands on this menu are used to custoÍnize the display 
and printout. The customization means, first, which con
stituents from a table you wish to display. For example, 

·• 



. ~·. 

, . .,..,.. .... 

•• '1;-' 

20-5 

CHAPTER 20 CONCENTRATION-TIME SERIES 

Figure 20-5 

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 sorne attributes to the constituents to be dis
played: line and fill color, linear or logarithmic display, 
minimum and maximum concentrations to display, etc. 
You may also control widths of individual columns used 
to display constituents. 

NOTE. The control of jonts used to /abe/ a graph is nccom
plished jrom Customization, which rs one of conzmands on the 
Main nzenu ofGWW. 

On this current menu you design a "display" log, you 
edit it, save it, or select one of available designs. · 

The comm<¡f:!d [)_isplay does not have any other sub
commands. It does what it says. It displays a graph with 
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 20-6. Using the 
._conunands on this menu, you·tlla)' print a graph, or save 

' , it for future printing, or mixing with other graphs. 

· The Options menu allows you to switch between parts 
per million (PPM) and equivalents per million (EPM). Of 
course, this will apply only to charged ionic constituents 
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IROOII 

Figllre 20-6 

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. 
lt is used to load a map and select sampled points di-

:: __ :::'-~~--- .:-.:e~-= ~:::_-c>cc_~~~~~f-fro~th~_I~_a_JL -c_:~.c.:-~' . --.~~ce-.- -·= 

The Make Random menu is also explained in details in 
Chapter 5, Section 5.6. Itwill be used for creáting'location 
or site maps showing sa111pling points at which time
variable chernical data are available. · ·· 

20.2. DATA MENU 

20-6 ' 

The routines on this ínenu are equivalent to similar rou
tines in other applications. See, for example, Hy
drographs application, especially for selecting the 
Working Time Interval. 

,_-.lí_-.·.'. __ -:_i_~_:= _____ -."---.~,:.. .. ·_ ._. --. __ .. NOTE. Remember that thé currently selected Working Time 
_ --~ _ .. Interval is displayed in the title bar next lo the nmne of the data 
~~~_, . base file. 
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20.3. T ABLES MEI'<LJ 

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 importan already created 
tableas an ASCII file, one·for a sample, or you may use 
the GWW editor. 

20.3.1. Edit Table When you select the EditTable command for a new sam
ple, the editor displays an empty table listing all con
stituents that YQ\.\ 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 loo k as 
shovm in Figure 20-7. If you are going to editan existing 
table filied with data, the display may look as shown 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 dele te a line. 
· The prograrn checks the sequence of time en tries. You are 

expected to use the logical sequence, frorn early time to 
la ter. 
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20.3.2. Save Data When you finish typing the data you will save them us
ing one of 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 Tables on the m en u bar and click 
again on S ave Data. 

20.3.3. Exit without You may ha ve decided only to view the data without 

20-8 

saving saving them. When you are done with viewing the data, 
you may exit in one of the two ways. The first is to press 
the Ctrl key and simultaneously press the X key. T11e 
other way is to use the mouse and click on Tables on the 
menu bar and click again on Exit (Don't save). 

20.3.4. Standard· The data tables can be created outside the GWW package 
ASCII Input and using a text processor. T11e format is similar to the format 

Output in other applications. One such table is reproduced be-

~~~i)o~·~-='="''=c~,=::;-'---cc ·-•~ ::::=---.:- - ---·e. _-:_,-~:e~':_:-.~~ 

-

""'"-•}_ .. 

<yyyy 1 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 line is the header line which tells GWW what 
are the numbers that fÓllow. 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_Tune_Tab). T11e first entry is the date aria · 

time; You supply the-'format of data input 
(yyyy/mm/dd), which you must follow in the data be
low the header line. Yo u may reverse the arder of "date" 
input to one of date formats that are acceptable in GWW. 
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., 
The date/time format can be any of the following: 
yy/rnrn/dd, y-yy;i/mm/dd, -rnrn-yy, .rnrn.yy, etc. It is 
important that th·e data that follow the header line must 
be typed according to the format declared in the Eeader. 

Using the command Standard ASCII Input you can im
port data tables created with a text processor ora spread
sheet program. (lfjou use spreadsheets, you must print 
such tables toa file: Any spreadsheet program, when in
structed, crea tes normal! y ASCII files, which then can be 
directly irnported irito GWW.) 

- Using the command-Standard ASCII Output you are 
saving the data tabies in ASCII format, such as the one 
shown above. -. 

On this menu you·h·a~e five options: 
-

• New Log Design~ 

• Old Log Design -

• Edit Log Design _ 

• Save Log Design _ · 

• Save Log Design-As · 

After you have cre'!ted data table you will want to dis
play graphs showirig how concentratio¡;¡. of one or more 
con.Stituerits changes with time. Before you can display a 
graph, you need to p-eate;·modify or edit the design of 
such presentation:-_The "Log Design" is used in other 
parts·of GWW irnplying a vertical presentation of data. 
Here, it implies a -':diagram" design of chemical data 
presentation with time: 

When you select Nev.>:. Log Design GWW opens a dia
logue box as shown ip. Figure 20-9. The right side of the 

-
- .-:..-_)-.-

.. ~--. 
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dialogue lists all available constituents (taken from Data 
Structure or from the interna! file 
Chem_Conc_:_Time_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 . 

::.e~~·- .. :: ·;. "'· •• ,;·. ~ "•":..¡,• ;,. ~ ... : ,(' .~: ·, . 
Ficlds Selected 

~~---- EC 
NOJ NOJ 
N02 N02 

18\ª!m ~~~<M--al 
1'· ·-·~-;m :s~~"~-~P:.~ l~ttQ!;.""~:Jf~l 

~--~ --- _:___~e:__ --- --- - -- . . 
-~-=-- _-_ ___::_.:--.-_-_. 

.20.4.,2. Attributes 

20-10 

---·- -------
Figure 20-9 

You are selecting or -unselecting a constituent by high
lighting it. lf yo u highlight a constituent on the left side, 
that is within "Fields" part of the box, such constituent 
will be moved to the "Selected" side. lf you highlight a 
constituent on the "Selected" side and press the button 
Del, this constituent will be·deselected and .will disap
pear frorn the list of selected constituents. 

When yo u selecta constituent ora chemical diagrarn pa
rameter, you may control the way in which this particu
lar constituent or ¡:íararneter will be displayed. You will 
use the button Attributes. The dialogue box as shown in 
Figure 20-10 will be opened. · 

The entry "Colurnn Heading" will offer the narne of the 
constituent as found in the interna! file 
Chern_Conc_ Time_ Tab. However, yo u rnay override this 
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offer and type a different name (e.g. in another lan
guage) . 

.. i Column AHribules ' ... 

Colurnn Heading 11tr.TiTim~ • 1 

Column Widlh (mm! 

Datal2I::J Graph ~ r8l Auto Size 

rGraph Type Axis Type 

® Line O Bar ®Linear O Lag 

[Extreme Values 
Minimum jo 

1 
Maximum !o 1 

1 

lt,;hl¡;ffidl,¡;~"l ;,.~- .. -. ..... , .. --.-,Jfjj 

I~Q~~!lí\Wl 1~2:~~~-mi~Q~ 

Figure 20-10 

The options for column and graph width allow you to 
. increase or reduce the size of vertical columns in wlúch 

data (concentrations of a constituént) and graph (its 
graphical presentation) are displayed. While you may 
select the width for data, yo u 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 ~s lin
ear or logarithmic series. The Extreme Values (minirnurn 
and maximurn) option.lets .yo u select the range of con
centration yo u wish to display. 

For each constituent you may select colór for lines and 
for fills. 

20.4.3. o~pesign' · Since you may crea te one or more designs for dispi'á.ying 

20-11 

-::~~e;;_?' various constituents and save thern by assigning narnes, 
you rnay also retrieve and use one of pre-created de
signs. When you select the option O id Lag Design, the 
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li¿t of all available~esi~~~;be listed, as shown in Fig-
ure 20·11. · · .:-

--~..- . ::.'--; 
.__ -:; -o-t-~ 

EC·N03-N02 ~ 
TDS-ND·CI-Benzene .. -~..; . ''"" 

. ~::·.:. ,,.... -
--:...---

-- ~ .. - ... -
--- -~_-._: . --,-,._:.. . 

1~1 
1~1~J 

lm~.rwt1 

20.4.4. Save'Log. When you finish edib_ng an exi&ting log design, r.ou ~a}' __ 
-~-=-Design-and~ave·Lóg~save_'it tírlder)he iia:!ne-it-:-\Vas~openec['_;GWW will not; 

-Des}gn As- proín¡'ityou for aname:·it wiJ.lj'~ss_urn~_you.wantto Ílse~ 
--------::-::--:-c:c:--:=---:c;-... o • the old narne ,..-: . . -. ··.- .· .. - :. 

-,-_·. You.may sav~-ad~j¡~ ~~~~~clifferent name. F~r this 
--.'.~ you will use the. opgon Save·~og DesignAs. 
·', :~:::. ~: . .:!- -__ .,_- .··. .>:~"::-:· 
~ -. ,: ~-~-- ~:~·:;_ 

. ...... :;..._:---. 

20.4.5. Edit Log Design· The.sáni.e dialogue:oox ~s tK~2~hown in Figure 20-9 will 
be displayed and YQ]i'may P.,TOcéed with its edit41g_i,tl the· 
same way in which:_you ha ve created a new design. 

--- •'-

,.. .c-~6 - .~ .,. -. . -_. ' -
-~-.-

--o.:-~ _ ....... ::_ __ 
-: - --

-.... . _______ ._ .. __ .... ,. . :"~:: .-7,·-_ 
20.5.DISPLAY. ':!-.· ..__7;_"j~;:.-_ 

20·12 

i~~:;~~;~: --~~;~.~~--~, .. ' -- .; _ _-_·_ -~:;~:- -.·.:<:;;.~--
::-~:... _::¿~' · .. ' 'Figure 20-12 displays:.a grap!iówith conductivity as the 
-,}e=::~~ .· . cinly."p_arameter selecited. Figüi:'e 20-13 displays a graph 

" ..... "with three different constitti~ts and/ or parameters. 
. --:.,..;__... . ·- -~-~-e . -.......... 
-~ ,_ ~ ·-
--~~ .. ~ 

_~:.::;.- . 

"{'- -=-
--~; 

=:-: __ ~ -. ~-

__....-:;·. 
-

. -.. ,. 

", .:..._ 

... 

·.; -

··-~·=·--· ' . . ,-. · ... 

-. -"-... -
- -.·..;·~~ 

- ---.. -
~__:-,,• 
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Figure 20-12 

Figure 20-13 

··'·" 

20-13 
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20.6. REPORTS 

.----
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NOTE. When yo¡¡ se/ect !he option Interpolation/Set Connec
tion S pan and h¡pe,a relatively smal/ mmzber of days, /he sam
ples t!znt are tnken beyond tlze span se/ccted (tiza/ is, al greater 
intervals /han specified) will be slzown as vertical bars. · 

You rnay print a tirne-concentration graph using the op
tion Report frorn the application's rnenu 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 

T11e option Print Drawing .will pririt the graph of the 
sample currently selected. The option Pi"int Working Set 
will print inforrnation, in a tabular forrn, for all 
we)ls/samples that comprise the current working set. 
·The information which will be printed will depend on 

· what you ha ve declared in the report forrn. When you 
select to print using one of options in the upper 1:\vO lines 
of the menu, the prograrn will prornpt y()u to select a 
· reporting forrn. · 

.-
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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, you use Save Draw
ing option, followed by Print Nonstandard Report from 
this or another application. 

Using this comrnand, you may switchhehveen parts per 
million (PPM) and equivalents per million (EPM). This is 
ini.portant in nvo instances. The first is the way in which 
constituents will be displayed. If you select EPM, the val-

. ues displayed will be con verted to equivalents per mil
lion, and vice versa. This option is also important to 
correctly import data tables as ASCII files. Depending on 
whether tl1e data are prepared as ppm or epm, you need, 
prior to importing ASCII 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 tl1e data have been prepared as epm, you should fol
low the sequence: 

l. Select Options and select Show EPM values. 

2. Select Table and select Standard ASCII Input._ 

·. The Load Map option is a general option for selectíng 
wells to make a Working Set of wells. 

...-. -
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20.8.1. Select Working The sequence is normal! y: 

•i-1)'·· ~ . 

20-16 

Set from Map 

l. Click on Data to open the menu. 

2. Click on Select Working Set and Unselect al! wells. 
_ This is important 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 you circle 
aú are·a (remember, in clockwise direction yo u are se· 
lecting within the area; in the counterclockwise direc
tion outside the area!) you should clase the area (.End 
Eilln.t) followed by End Digitizing button. The wells 

- ·. · (samples) will be listed in the left-side identifica han 
''~- - ~ window.~-c~-,--_ ~- •-e-~= --, -~-- .: - ,_ - -- - - .,_ ,_ -

- -.-..~ -

20.9. To Setup a 
- Printer 

Selection of 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. 

2. Select Printers. 

· 3. Select one of installed printers as a default prmter, or 
add sorne more printers to match your hardware. 

4. Select Setup and modify whatever you want to mod
ify. 

5. Click on Setas d,efault. 

6. Clase Printers and Control Panel. 
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Yo u may do about the same from inside 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. Yo u cannot ehange the default printer! 

The dialogue box for selecting printer parameters is 
shown in Figure 20-15 for Hewlett Packard Laserjet 
4/ 4M printer. 

~Media-------------, Orlentation-----, [C~;:r.¡;;'i'/1 

¡¡_¡,'!o@-{l 
P11per Siz.e: 421Dx297mm • '"'" EJ 

~ ® Portr.t~it -

Paper .S.ource: !Auto Selcd I1J 
'----------'-' O Lands~pe 

~op1es: E::]! 

Printer Resolul.lon 

0 §.00 dpi ®.JO O dpi 

Prmter Memory 

_Eage Protection: IA4 I!J 

Cllr!ridges/SIMMs 

z: Microsoft lA 
HP: Bar Codes & More 
HP: Forms. Etc. 
HP: Global Text 

Mommy {MBJ: [2 1M O Tr¡,¡cType Scree.n Fonts lnstalled 

Figure 20-15 

a 

··~ 

1\Wrl,e?i. 
l!:úP~@ 

j&ml!.!$ 

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 Yo u will select 
Interpolation on the menu bar. The display is as shown 

·.r- . 
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in Figure 20-16. Select Interpolate. The dialogue box as 
shown in Figure 20-17 opens prornpting yo u for the year, 
rnonth, and da y for which yo u wish GWW to interpola te 

HourO Minc:=J 

Figure 20-16 Figure 20-17 

the data. Next you will be prornpted to select one of 
available constituents, as shown in Figure 20-18, of 
which yo u wish to. ere-
ate a randorn file. (Re~ . ~~~~~~~:;1~1-=-~=--~-~-- -~-e-

-~------------:-~-""-·-;<·-""· ,.-_. "'rnmer_erii.b:er::.tha L yéni.need.:::.._: - IN 

- ------· .CC---~-.--. .C_-'_--~-;--.- ~~~:~~:a~~ifr~~~:~~~~~-- 1====.-=_=--===-=-'=-=.-:-~. 

20-18 

pies in the data base; 
The randorn file con-

'"'í . ' 
sists of the following 

· columns: X, Y,_ concen
tration ata certain dat~; 
well identification.) 

Figure 20-18 

You rnay also· select a ''connection span", which is. the 
rnaxirnurn nurnber of dáys that yo u allow to elapse if the 
two successive values.are to be coimected. 

_ ...... 
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In the following exarnple you will crea te data structure, 
use the default entry forrn supplied by GWW, anden ter 
data with the following tirne-dependent constituents: 
Na, Cl, TDS, and Conductivity. 

The data to input are the following (in the order 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 :wo.o 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 

l.To start with,frorn the GWW Main rnenu yo u will click 
on Tools, folJo~ed by Data Structure Design. 

2.Wait until the new rnenu bar is displayed. Select File, 
t he n Old. Loca te the internal···file titled. 
Chern_Conc_Time_Tab. 

3.Notice that there is only one entry, Date. 

·. 4.Select New .. Type Na. Use TAB to rnove to the next 
field. Accept the default width of the field as 10 char
acters. Move down the dialogue box and check Nu
rneric (do not check on Numeric dirnensioned since 
concentration of a chemical is a ·nondirnensioned 
number!). Click on OK. In the next dia,ogue box se-
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lect OK accepting al! defaults (2 decimal digits, fi:.;ed 
point arithmetics). Notice that Na is dispiayed 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. 

-- ·-- -- -- - - --- --

1 1 '·Eifi@ "'l,o""<,=eto"'·l =¡ 'C~·Ol<""~ •. =>,¡_¡:c>ncel;.! 

Figure 20-19 

7.Close the dialogue box by selecting O K, select File and. 
Exit. TI1e new dat;¡ structure for thetime-concentra
tion portian of the data base is created. 

S.Click on Applkations on the GWW Main menu, then 
on Chemistry, and then on Concentration- Time. 

9.GWW will display an entry form wh.ich will ha ve only 
one field, Well Identificaban. TI1e cursor will be in 
this fiel d. 

lO.Type the well nurnber, say iVfW-1. Now fin.ish 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 
m o use. 

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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MW-1 Chcmical Constituents 

Figure 20-ZO 

umns (Time, Na, Cl, TDS, and Conductivity), each 
with an empty field. GWW automatically create an 
entry field for hour and minutes, which you may ig
ribre. The noon time will be automatically assumed. 
Fill in the values as prepared for this example. The 
table willlook as shown in Figure 20-21. 

MW-1 ' 
~o o ~-' 

»· 00 2SC .... 150 -30C 3500 • ... 250 400 -, 
12. -200 340 4500 4 

12. 250 41• 5000 
12· 200 386 4500 S: 

Figure 20-21 

12.vVhen 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 then on Save.) 
If your time entries are not in sequence, GWW will 
beep on you, display a messagé Invalid Date/Trme 
arder!, and will place the 
cursor in the line tha t is 

. out of the time sequence. 

13.Now you will crea te your 
own log design. Select 
Log Design on the menu 
bar. Select Néw Log De-

-
Aelds 

Cl 
No 
TOS 
Conduc:tiv1ty 

Selected 

Cl 
No 
ms 
ConductJvity 

. . .. sign. The screen will dis-

. · play four constituents as 
"selected fields", as 
·shown in Figure 20-22 
Since you will accept the 

~~~·~ 
1 :Jll:!'l'.c.< ~ !mil~~ 

Figure 20-22 
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defáults, click o~ OK\b.clo~~ th.is dialogue box. 

14.No~ you may :$~e im.iri~di~tel; the graph. Click on 
Display. The default".pafaineters are used to display 
this gtaph. The display is. as .shown in Figure 20-23. 

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

8. 
" 

"'" ..,. 

'"' ,.,. 
""" 

; ·v·. ~ .......... --------. ' - . .· . -- . . . 
/ .. :· 

. ~ 

-. --

·:_. __ .. 
:·:. ~::!''"';. 7-

.--:---- ~ ::=-7 -: 

-
.::.. - "'.....,. 

- ------

~~---. 
"'-'··.:::. 

~.:"' ~
' :;-·- -. 

~·- ' 

... ... , .. , .. 
ti leO 

. . . 

-.. 

_,, .. ,; ---:- -._ "i. -::' • - • 

~·- -~~-- ... _-. 
-~··'· Figu_r/io~23 • . .,:,.- :· - ---. "'- . ....,;~_- -

\ 

''' ' , ... 

_:_~~;~~!;~~--~=-::-:--·· . ~". ' ... ~: ~-" ~ . . )::_~--- ~ . . 

•
~--,~· .•::'. Click on.the button Close,to remove this graph. 
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lighted. Now click on the butlon Attributes. In the 
new dialogue box in boxes for rvlinirnwn and Ma;>:.i
mwn type JODO 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 clase the Attributes dialogue, and again on 
OK to clase the Log Design dialogue. 

16.Select Display again. The screen looks as shown in 

"" , .. 
,., 

. HO 

Figure 20-24 

Figure 20-24. Save this lag design. Clase the display. 
Select Log Design, followed by S ave Log DesignAs . 
Type a name for this design. 
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17.The task now is to have onlyTDS displayed and/or 
printed. Select Log Design, then Edit Log Design. 
Highlight Na and click on Del. Repeat the same with 
Cl and Conductivity. Oruy rus remains in the "se
lected" list. Highlight rus and click on Attributes. 
Notice that the width of the graph field is still25 mm. 
Close this dialogue, close the log design editing dia
logue, and display the graph by selecting Display . 

-- ------- - •. ~-:=-=.--

---- --~---

Figure 20-25 

Notice that the rus 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 

. -.·-
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....... -
Auto Size box' checked,_pose this display, and select
Edit Log Design again.Jiighlight TDS, select Attrib
utes, and notice the new size, something like 144 
mm. 

MW-1 

_·--: 

.. 
FigureZ0-26 

. 

Figure 20-26 shows .the za·obl~d "time axis. This is the 
_ lower part of t11e drawing::· - _ 

-_.;.-

lS.Exit the application, and e:idt GWW. . - --- -· 

·-· . . . _, __ , . 

This ends this example. ::: · ...... .; .. 
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APPENDIX A ... GWW FILES 

UST OF FILES . 
MAKING THE GWW 

Fll..ESYSTEM 
The--following files should be located in the \GWW 
directory after the installation. -

(a) Executable Files (only GWW.EXE is direct!y 
executable; a!l other 'exe' files are ca!led from 
GWW.EXE): 

• GWW.EXE 

• MASFILE.EXE 

• FORMED.EXE 

• EDFC.EXE 

• UNITS.EXE 

• CHEM.EXE 

• CHEMT.EXE 

• CHEMW.EXE 

• HG.EXE 

• UIH.EXE 

• XSECT.EXE 

• MAP.EXE 

• PUNfP.EXE 

• MISC.EXE 

• GSC.EXE 

• SDDT.EXE 

• UFILE.EXE 

• XSMD.EXE 



.. ·. 

A-2 

(b) Help Files: 

• PlJ.MP.HLP 

• XSECT.HLP 

• HYDRO.HLP 

• FORMED.HLP 

• GWW.HLP 

• GSC.HLP 

• SDDT.HLP 

• EDFC.HLP 

• CHEM.HLP 

• CHEMT.HLP 

• CHEMW.HLP 

• UNIT.HLP - -
.e~- .. • MAP.HI:P 

-- • MAS_TER.:HLP-=--_-:.:;:;_ ~-=~==~:_¿_:_~ 

. -
.• 

. ~~;~~~~::-· .. 
_-::'-::.~-· 

-- --~-"'='--
-~: ~.-~ ~~-~~?_:. 

• LITH.HLP 

• UFILE.HLP 

• XSMOD.HLP 

• :MJSC.HLP 

(e) Various Auxilliary Files: 

• PPMTOEPM.TBL 

• SCREEN.DLT 

• LITH.DLT 

• ANNULUS.DLT 
..• ~ 

(d) GWW Data Base Template: 

• GWW.OOO 

LIST OF FILES 

-- ----

" 

-.'4>;.. •. , 
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Bar diagrams indica te TOS in ppm. 
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Wellldent 

MW-6 

STIFF Diagram i 
~===============:;::::::===~,. -¡ Name 1 Type 1 

Millicquivalents per liter 
5 4 3 2 1 o 1 2 3 .4 5 

' ' 

Ca IIC03+C03 /{";¡ '~ ··~-....... , ... ~ .. 'i?. ~Ñi.?:' 

i\lg 
~~~ ~~~-,!"~·· so, 
-~ . 

' 

Na+K 
. Cl 

Fe . N03 

Cations 

Ca /lfg Na K Fe 

/vli/liequiva/ents per liter 0.7999. 1.3301 0.6499 0.00997 
.. 

Milligrams per liter 16.03 16.17 14.94 0.39 

..... Anions 

HCOJ COJ S04 Cl NOJ 

Milliequivalenls per liter 2.61994 0.03997 0.08012 

Milligrams P,er_!~~r_ - 159.85 1.92 2.84 --~------,-____,..-_ .... '• 

" =---t.- - -

---

800 .- ·-,éoo · Diss. Oxygen F 8 Si02 

TOS Hardness Alkalinity ConduciJvity pH_ SAR 
213.00 250.00 6.90 . 0.6297 

1 Water Type MagnesiÚm Bicarbonate 1 
Calions (epm) Anions (epm) 

2.79 2.74 

Error Balance (% 
Aquifer 0.90 
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Wilcox Diagram 

Wilcox 01agram 

Sodium 
(alkali) 
Hazard 100 500 1000 5000 

Very 30 30 
High 

28 S4 

26 

24 
High 22 

S3 
20 20 

18 oe: 
<l; 16 

Mediuin C/) 
14 

S2 
12 

10 

S 

Low 6 
SI" 4 

2 

C1 C2 C3 C4 

Low Medium High Vcry High 

Salinity Hazard 

1 l\!W-1 
2 K~r\v-2 
3 MW-3 
4 MW-4 
5 MW-5 
6 MW-6 



Ll --~-------------· ___ S_c_h_o_e_ll_er __ D_i_a~g_r_a_rn __________________ ~~ 
Schoeller Oiagram 

2 

1 
0.9 
0.8 
0.7 

5] 

:~ 
2 

0.1 
0.09 

.0.08 
0.07 

0.06 

0.05 

0.04 

0.03 

0.02 

0.01 
EPM 

MW-1 

MW-2 

MW-3 

MW-4 

MW-5 

MW-6 



Wellldent 

MW-1 

Depth 
[feet] 

CONCENTRATION ~ DEPTH SERIES 

. ' 

.-

-~- .. -. 
',_.,--

__ .-_,_' 

.. 
• r.:: .... ... 
-~~-· ..... _- --

·:,:. -.... 

Level 
[feet] 

40 

1 



Wellldent 

MW-1 

Eastmg (ft) 
150 

JUU 

480 

460 

440 

420 

400 

380 

360 

340 

Chemistry Concentration 1 Time 

N ame 

Northing (ft) 

150 

Monitoring wcll in Corozo Pando 

t-

Gr. Surf. Elev. (ft amsl) 
85.00 

1-

f-- ¡....,. 

- ',' 

320-~-=== ~::::: __ ~=:~-~:].~~-~ ::-_:~~ ·· F =---
- ~-- -- --_ --- ~~::: ~ -~ - ~ ~ - - - - .. - -- ·.· -:: -,~ :c. =---~ --= ~ =-:. -
-- --~ -- -~-- ---- ---· 
. -----------
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yYell ldent 

MW-1 

Obs. Well Distance [ft] 
1.00 

Transmissivity [gpd!ft] 
21467 

Fit Method 

Pumping Test 1 

N ame 
Monitoring well in Corozo Pando 

Average Pump. Rate [gpm] Duration [min] lnitial Sat. Th1ckness [ ] 
300.00 6870.0 

Storage CoeH1cient 

Results 
Leakance [1/day] 

36.634 
Estimation Error [ft] 

0.35 

Hantush Mcthod 

e, .. ,?:· ·~·:.;:\·.:· 

>::"S, ir-'"-'-·: .::..:.,..···· "'.:..:_:...' ; ~r-';7'"-'': 1;;[;"-7->· +-rj 1-'i--=-'~~~~~"-'T'-1-'--i-"'i---o-T-ri 
<· _, .. · --1.~--i--+---+--+-H-+-t-+---+--+-t--+-+-H-H---+---t-H-+-b+--M '• ~--~---"'-" ~~¡ --+¡--+i-++-+1, -+--i--1 \----+---t--+-t--++++-t---t----+---1--1•/I'H-(.. +-Hii 

. : ======1"" =~=·"':1 1:1:1

1 

~================:::: ~-"';s\~: 
f'~ 11 

i~i'l ;f------l--\--+---\--l--H,'\ .. ~1-",...~.---+---+--+--+-H-++-l----+-+--H-+-++++l 

,._·,' 

', '/ .-

~ ··' •' - .~ ~-~!!: ' 
-v __ ·,- •·' ·6 1:<;.'.:"{{¡;' 

' ~ 1 . ~~ii¡;_,é , .. 
;.,J;,<~;¡)-< . ~ ~"' !?31 

¡:,;;,': " '~~ ~: 1 
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10 · .... ·- - · lOO··.. -·"--·"--'---~,¡.~.?.-:· d000:-•4?''"''"''·· .. :. ·. · .:10000.->.;~-
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Wellldent 

MW-6 

Obs. Well Distance [ft] 
l. OO. 

Transmiss'1vity [gpd/ft] 
11398 

Fit Method 

1 

Pumpmg Test 

N ame 

Average Pump. Rate (gpm] 
300.00 

Duration [min] 
72.000 

Results 
Storage Coeffic1ent Leakance [1/day] 

14.387 

1 .. ·. 1 

lnit1al Sat. Thickness (f 1 

1 Estimat1on Error [ft] 
1 0.53 

Hantush Mcthod 

1 1 

1 '1 1 

~ 11 

• 1 

,, 



~~~~--~~-----H_y_dr_o_g_ra_p_h ____ ~----------~~ 
Well Ident 

1 MW-1 
1 Name 

Monitoring well in Corozo Pando 

Easting (ft) Northmg (ft) Ground Surf. Elev. (ft amsl) Meas.Pt.Eiev. (ft amsl) 
150 150 85.00 86.00 

1 AqUifer 

Depth [feet] i\!W-1 Leve! [fcct] 

--- ---------

!.O 
' 1 1 1.2 1 /"--:- 84.8 

1 
1 1 ( 

"""' 1.-1 1 
. 

84.6 
1 1 / 1 1~ 1.6 1 84.4 

1.8 :..._ 1 1 ~ 84.2 

.':-t--.·. -1.-·· ~-.J== f~- -1= -~-: -
-·· - -·· 84.0 . 

. 
. . .. -z.o .. -

--· -·· . 1 "'""- 1 2.2 .t-._ 83.8 

\~ -f . - . - . 

-· . - - - -- - -- - . - - . - - - -. - -z.:¡ .. 83.6 

\ 1 1 2.6 83.4 

1 \ 1 1 2.8 83.2 

3.0 1 .~ ;1 83.0 

3.2 1 1 "-~1 1 1 82.8 
1 2 3 4 5 6 7 8 9 10 ll 12 

1994 

"'-·'· 

·- ~-

} 



feet 150 

140 

130 
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110 

10 

o 

1 
_'\, CLAY ., ' 

,:¡,)
1

1 OOLOMITE .,, 
: i!;:l, LIMESTONE 

' ,~ 1· 
' SANO . 

Cross Scction A-A' 

-,: 

Bar diagrams indica te TDS in ppm. 

Thc rangc is from Oto 450 ppm. 
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Ground Water for Windows (GWW) ... Example 

TASK 

1 

l. - Create a ground water data base with 6 wells. Each well has data on location, 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 (TOS) 
Contact boundary between Quaternary clay and sand (overburden) and underlying 
bedrock (limestone and dolomite). 
Piezometric surface on 12 June !994. 
Transmissivity frorn pumping tests. 

- -..::..-

--- ~ ~~--==:;3. · · c=Greateol.Jt!f6ftratigrapfui'~-;.ósi section connecting wells MW-1 and -MW -2, with/without ____ _ 
; well construction details and with TOS as a function oCdepih.___ _ ----

-- --- ------=------=-------- -- --~------ - -

J 

4. Interpret purnping tests using the Theis and Hantush methods. 

5. Crea te a fence diagram with all 6· wells. Connect various lithólogic units and fill in with 
colored páúem. 

- . 
INPUT DATA 

Master Data 

.• <Well Ident> 
MW-1 
MW-2 
MW-3 
MW-4 
MW-5 
MW-6 

<X> <Y> <Z> - <ZM> 
150 150 85.00 86.00 
800 250 92.00 93.00 

~d.SO'k- 20_Q 87.00 88.00 
~~~ 750 110.00 111.00 

-~ -~~~-- ~;~:~~ ;;~:~~ 
HINT. You ha ve two ways to input generalllocation data into GWW. The fust way is to create 
an ASCII file such as above and impon as Standard ASCIT Input into Master application. The 
second way is to type the data directly into the GWW -created data base. · 



'·· 

Chemical Data CSáinples) 
--- -- . - ~ _"":}-::.- -.. ... 

-· .-':"'>""'" 
··;:,;.,_.. 

-.-. 
. ..:._·'~-... __ ---~~ 
-~~-~ 

--~-
~~-~ 

<Well ldenl> <Ca> <Mg~ : <Na>, :<K:::'- <H;C03> 
MW-1 13c23. 20.30.:.··.19.77 LI7''·13L79z;:o.05 
MW-2 12,83 21.88_::::1.3.91 2.35:~206.83S~0.05 
MW-3 17.64 ~ 20.67" 29.89 0.39223.92;::. 1.92 
MW-4 15.23 17.63- ·12.87 0.78 16290';:-'4.80 
MW-5 12.02" 36.4f~. 4.60· 0.59~~237.J!5§ 0.96 
MW-6 16.?3- 16.F7_,:-14.94 039: 159,~~:~).92 

-, - :.;:_ . -~ -;...-~--

<504> <Cl> 
4.25 218.00 
2.84 272.00 
2.84 299.00 
1.77 218.00 
0.71 229.00 
2.84 213.00 

<TDS> 
270.00 
320.00 
350.00 
280.00 
270.00 
250.00 

<Conductivity> <pH> 
8.30 
7.00 
7.10. 
7.30 
7.50 
6.90_ 

HINT. Sarne-as for Masrei- Data, yóii,máf.input data either by creating first an ASCII file as 
the one above·, or b/!y¡:iing the datií~diréá!y into the GWW-created data base. · 

. ....... - - .... --~- . 

Chemical Data· C~~pth-relate~l: }:;¿~ 
,.. -;:- ;:_---

2 



3 
Litholoaic D:lt:J 

The dat:~ ctre cont3lned in an ASCII file as shown bclow. lf yo u decide to crea te a sinular ASCII 
file you must follow the convention that each well must stan with the word WELL: (tcrminatcd 
with colon). thc lithology with the word LITH:. and Lhc rcst with words SCREEN:. HOLE:. 
ANNULUS:. and CASING:. Lithologtc codcs (CLAY, SANO, Lliv!E, anJ DOLO) must be: typc:J 
uppcr case, as l'our lcttcr \vords: thc. samc..applics to thc annular spacc matcriah (CE!v!Ei\rr. 
PACK. OPEN) 

WELL: MW-1 
LITH: 

!5.000 CLAY 
30.00 SANO 
52.00 LIME 
67.00 DOLO 

HOLE: 

20.00 12.00 ----
.. 6J.oo . - -~,QoE~-~-~==~~====-=-==· ~=='======~~===:;===:==e===..='-==="-"---'-'~,-= 

CASING: 
20.00. ce• -8.25 __ 

-- - ~35.oo 4.oo 
S CREEN: 

15.00 30.00 
Ai\'NLJLUS: 

20.00 CEMEi'JT 
35.00 PACK 
67.00 OPEN 

WELL: MW-2 
LITH: 

12.00 CLAY 
28.00 SAi\1) 
55.00 Ll:\IE 
72.00 DOLO 

HOLE: ~c~c::-·~~: ·- .... 
20.00 ~:~~.;00~ • 
no o ':-c:§",o();-; 

CASING: 
19.00 8.00 
30.00 4.00 

S CREEN: 
15.00 28.00 

ANi\'ULUS: 
20.00 CElvlENT 
32.00 PACK 



72.00 OPEN · 
\VELL: C,·!W -3 
LITH: 

22.00 CL-\ Y 
35.00 SANO 
55.00 LIME 
70.00 DOLO 

HOLE: 
20.00 12.00 
.. \QOO 8.00 
70.00 4.00 

CASING: 
20.00 ~ 00 
38.00 5.00 

SCREEN: 
23.00 38.00 

Al\'NULUS: 
2o.oo CEiv!Hrr 
38.00 PACK 
70.00 OPEN 

WELL: MW-4 
LITH: 

20.00 CL.'\ Y 
35.00 SMm -
60.00 UME 
80.00 DOLO 

HOLE: 
20.00 
38.00 
80.00 

CASING: 

14.00 
12.00 
4.00 

20.00 13.00 
35.00 soo 

SCREEN: ----~--'-'L' ---

ANi'.'lJLUS: ~~'~:~~-.' 
20.00 CEiv!ENT 
35.ÓO PACK 
80.00 OPEN 

WELL: M\V-5 
LITH: 

22.00 CLAY 
40.00 SANO 
65.00 LEvlE 

..¡ 

... .,. .. , .. 

-.. 



.--- 120.00 DOLO · 
1-IOLE: 

:noo 1-1.00 
120.00 s.oo 

CASING: 
22.00 12.00 
42.00 4.00 

.. SCREEN: 
- 25.00 41.00 

ANNULUS: 
22000 CEMEl\TT 
42.00 PACK 

120.00 OPEN 
WELL: MW-6 
LITH: 

_. --

-- .. . 

• ~-o-· • 

«. •. -

·: ~ 
', ," ~ ·--

'l". -~- .-- · .• 

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

.. 
. -

~-.. , 
• - ;o·, • 

-~-

. --~-~ -_", ~ 
-;. ~- . "'. 

- ::;.· ,.._-___ _ 

30.00 CLAY 
60.00 SAt'iTI _ 

~~~~~~'75~00 EL\·IE ·-
150.00 DOLO .. -

-HOLE:-"---

-:-:· 
- - ....::- ·:''" '.::. · .. 
- -~---_, ~--- -

30.00 
15Q.OO 

CASING: 
29.00 
60.00 

S CREEN: 

14.00-
6.00 

12.00 
6.00 

32.00 60.00 
Ai'iNULUS: 

30.00 CEMENT.. 
60.00 PACK 

150.00 OPEN 

-·- -
-< :>::~~~:_~:.:·: ~ 
. _.-.. :~·:L~:-_ .: __ ,,..,. ____ _ 

- ---~-- -~- .. :. --=-~~-- -·- ·..: .. -.. - . - -.... 

. ~;--~>~:-_ :: :.-
. ·.:. ~ ... _ .. _ 

··- =-- . --- ._ 

. Pumping Test_ Data • ___ . _ -_ ;~\~::~·--(-~-. 

i\'1\V-1 (constaA~~st: drawdow~ and recovery·¡·~;-~~~:;ogether) 
o.oo 1l:95 ttr:r -· .. 3oo.oooo -. ~ .:. · .. , 

10.00 Ü 9510 3QQ.QOQO · ::.~·_.•'e;_ e 

2o.oo uo6o 3oo.oooo ~>L: _"'· . 
30.00 2.6900 300.0000 _,- :--.-.é -. 
4o.oo 34110 · 3oo.oooo ._· ~~-:;r :: :·· 

- -:~¡:;.-.--

~~:~~ !:;~~~ -~~~:~~~~ ·. ·~:.~7;t~;:::~ ~ 
•t:_:,.,.'_ • -

9o.oo 5.0510 3oo.oooo -· . . _.1~ -·c.-= 
120.00 5.4780 . 300.0000 <~) ~ . 

------ --_ ~~:- ~~~~~:~~-- -~~:- - -- . 

. - ,. ---_.?:~~~~~:~-~ : 
- -·- ' -

-~?:i-~_< ' 
- - ,...,. .. ~--

-------~- ·---"_." .... --,_,_ -

5 

------



.. ; 

6 

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 o 0000 
4400.00 4.6580 0.0000 
4410.00 4.461 o 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 ~~~i[- . 0.0000 
.. 4830.00 f~5:lW': · 0.0000 

'" . 4890.00 .<~.~937f 0.0000 
,_.,. 4950.00 2.4270 0.0000 

. :- - •. 5010.00 2.3620 0.0000 
5070.00 2.2630 0.0000 

.e· 5130.00 2.2300 0.0000 . -· 
S 190.00 2.1650 0.0000 

. - 5430.00 2.0010 '0.0000 
:-·· . 5730.00 1.9350 0.0000 . 

·- 5970.00 1.8370 0.0000 - . ·.· .. 

~ 

,. ' 

~ 

' 



. ' --· . 

6390.00 
6~70.00 

1.6730 
1.57-+0 

o 0000 
. 0.0000 

7 

HI!\'T You do not necd lo rcpeat input of the pumping rate. lt is sufficient to typc 300 (gpm) 
on the first linc. and ,ktp the rest umil thc time when thc pump is swttchcd off. Typc O fór the 
pumping ratc at 4320 minutes wh.:n the recovery of lcvels starts. 

M \V -4 (recovcry test data) 
o.oo o.oooo· I5o.oooo 

240.00 3.2800 0.0000 
241.00 2.9190 00000 
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 LS370 0.0000 

~o~----~:~~;;~;~-~~i:~~~~ -- :S~:~~~~:_,..~~~~===~~~~~~~-~~~~=-=~=-===~-=~=-·=·-
' 270.00 1.2460 0.0000 

280.00 Ll\50 0.0000_ -- -3oo-:-oo o.9Iso · o.oooo 
. 320.00. 0.7870 o 0000 

340.00 0.6890 0.0000 
380.00 
420.00 

0.5580 
0.4590 

0.0000 
0.0000 

MW-5 (constanl rate test- drawdown portion) 
0.00 0.0000 200.0000 
1.00 0.6560 200.0000 
1.50 0.8860 200.0000_ 
2.00 0.9840 200.0000 
2.50 l.ll50 200.0000 
3.00 1.2140 ' 200.0000 
4.00 -l::-34-i{l;,;_ --:.200.0000 
5.00 T~41~ · 200.0000 . 
6.00 . '-f.-TI-4'~ 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 200.0ÓOO 

....t("'-' 



8 

50.00 2.7SSO . 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 3.41 1 o 200.0000 
180.00 3.5100 200.0000 
210.00 3.6080 200.0000 
240.00 3.6740 200.0000 

You do not nccd to typc thc pumping rate 200 gpm more than once on the first Iinc. 

ivi\V,6 .(constatll:ratc 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.!0 1.8890 300.0000 
0.12 2.2070 300.0000 
0.1.3 2.5390 300.0000 
0.15 2.8630 300.0000 
0.17 3.1680 300.0000 
o. 18 34830 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 5.081 o 300.0000 
0.30 5.3040 300.0000 
0.32 5.5230 300.0000 
0.33 5. 7370 300.0000 
0.37 6~-§.'I.(}-"'- .---300:0000 
0.40 §~~ 300.0000 
0.43 0:8'1"60?: .. 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 



9 
0.73 8.6630 .. · 300 0000 

.. 0.77 8 7870 300.0000 
0.80 8 9250 300.0000 
0.33 9 0460 300 0000 
0.37 91610. 300.0000 

. ::.J.: "!'"• ' 

0.90 . 9.2630 300 0000 
0.93 9.3610 . 300 0000 
0.97 9.8200 300.0000 
LOO 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 1 o:o735_o=· ~,"300:0000 ~~ 

10:8700 
-- --

. 1.00 300.0000 
2.17. 11.0080 . 300.0000 

~~2.33-~ 11~450. 
- ·-

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 11.9!30 300.0000 
4.00 12.00 lO 300.0000 
4.33 12.21!0 300.0000 
4.67 12.5100 300.0000 
5.00 12.6770 300.0000 
5.50 12.8610 300.0000 
6.00 12.8Q3jb. ··.·. 300.0000 
6.50 13'-l'oo~-:-. 300.0000 

-~~::-.·___:o:-

7.00 r~ 300.0000 -.----.-----
7.50 '13.!630" 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 
l LOO 13.6910 300.0000 
12.00 13.8220 300.0000 . 



13.00 1-1.1'152 o .300.0000 
14.00 1-1.1030 300.0000 
15.00 1-13 140 300.0000 
16.00 1-1.3990 300.0000 
17 00 l-1.5170 300.0000 
18 00 1-1.5370 300.0000 
19.00 1-1.5600 300.0000 
20.00 14.4780 300.0000 
22.00 14.6750 3_00. 0000 
24.00 14.8550 300.0000 
26.00 15.0160 300.0000 
28.00 15.1170 300.0000 . 
30.00 15. 1 340 300.0000 
32.00 1 S 2030 300.0000 
34.00 15.2490 300.0000 
36.00 15.3410 300.0000 
38.00 154950 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 
7200 16.3050 300.0000 

Water Leve! Data 

i'v!W-l 

150 150 85.00 86.00 
<yy/mm/dd> <Leve!> 
94101105 84.25 
94!02112 S-l 
94/0J/11 83.8:; :;c""':f_~ 
94/04/15 83.1 :;:;~::;_~ 
94/05/22 32.9 <c2-~~cc 

94!06ir1 S 3. 6 • 
94107 !OS 84. 1 
94!07122 8-1.7 
94108112 84.9 
94/09/11 8-1.8 
94/l0/09 84.5 
94/ll/12 84.3 

11) 

~ -: LIJ1c 1, conwin:-. \\'el! !lJJ11c 

: Lin~ 2. mtcndc:d ior locQÜGn. bl<tiL~ h~rc 

: Line 3. intcndcJ ror aqu¡fer. blank hcre 
: Linc -l. X. Y. Z. Zi'vl,_ rc:spccLilcly 
: Line 5. tdls GW\V Lhc formaL r'nr dal~ 

- : Linc 6 Lill ene!. 11·alcr leve! dJLa cnlry 



94112!22 84. l 

!vl\V-2 

wo 250 nao noo 
<yy/mrnldd> <Lel'el> 
94/0 l/05 91.25 
94/021!2 91 
94/03/11 90.8 
94/04/1 S 90.1 
94105122 89.9 
94106112 90.6 
94/07/05 9!.! 
94/07/22 9!.7 
94/08112 9 L 9 
94109111 9!.8 
94/l 0/09 91.5 

======-=-=.c-'94!1' llf2=9-¡S:- =-- .. '=. 

94!!212T91.I 
.... :r.· 

!'v!W-3 

1800 200 87.00 88.00 
<yy/mrnJdd> <Leve!> 
94/0 l/05 86.25 
94/021!2 86 
94/03/!1 85.8 
94/04/15 85.1 
94/05/22 84.9 . 
94/06/!2 85.6 
94/07/05 86.1 
94/07/22 86.7 
94/08/12 86.9 :f~~~J} -- -
94/09/11 86.8 C: ~ ':':. 
94/1.0/09 86 )- '":-e~-~-::.; · . . .-----~:-·-~·-- -- . 

9411!/12 86.3 
94/12/22 86. 1 
~ 

MW-4 

300 750 110.00 111.00 

'. 

11 

·-··. 



-_, 

<yy/mm/clll> <l .. cv.;;l> 
94/0 !105 !08.25 
94102112 108 
94/03/11 107.8 
94104115 107.1 

106.9 94105122 
94106112 106.6 
94/07/05 !08.1 
94107122 108.7 
94/08/12 108.9 
94/09/11 108.8 
94/10/09 108.5 
94/l!/!2 !08.3 
94112122 1 os .1 

MW-5 

1000 650 

94/05/22 107.4 
94/06/12 107.9 
94/07/05 108.8 
94/07/22 109.7 
94/08112 109.9 
94/09111 109.8 
9411 0109 1 09.5 
94/1 11!2 109.3 
94/12122 109.1 

:V!\V-6 

·-

... 
120.00 

. ·. 

--· ,. 

. ,-
~-· -

--~"---.. .. ·. -. ·--~ . .._ 

--
-...,._._. 
-~--:.. . 

. "'-
':-": -~. -~--;-_ 

. '1 • -:.::.,-_ 
. -

_ ___,.-_. 

-. 

-. 

·-"'"· 

"" 

...... -. 

-------.. ;-::-...:..~ 
·~ - -;• 

'·· 

·.· 

'. -~-~---

- -·. 
... '.:; -· ,. 

• .. .,; 

-,;o-_ ... _·. " - -~-
....,,.. __ :.z-:-

~- _.,• ..... · 
-."..,-

~--
. -. 
·.· ~~--· 

--:.. 

,";- ~ ... ::_· 
~ ·, - - ':.. 

"~-·- .- ~. :
'•-;>-

..... ~~ ~ .;:;.~~-\~. 
-~ . .-- ·.-:-¡ •• .;-: -

y~ 

-·~ -,-·; .. ... ,. ·.· :,. 
'-:"" 

;·;::~ 

.. ~-
_- ,""·"":i-:--. 

·~--· 

-.... ..-.:-~~t.;.--~" 

7

~-~tl 
__ ,_ 

-. ~- . 

--·.;.. 

::; _.;..J 

• J:: ..... _ 

.-:: .. .... 

·:-::-_·-

. ...;: 

-- ~- . - .... -
,.· ·.- :'- ·. 

- ·' 
• 7' 
~- . 

~' ... ,_ -. 

- ·. -; . 
~ '... :·. 

. ';' 

-· -. 

..... ---

_;: -:_-;~ -:-~ 
~' ·.:...- ~-

'"·- ..;_ --~~-. 

,..' ~·-: --- ....... -~ -· 
-:::-...--:.-- ~"\_ ·---· 

~ ·-·- ·---" , ... ~ ... - .. 72b-: 
·- . -. 

"' 

,• 

'· 
.. 

-~ 

- _f 
..-; . 

;., ·; 

-· .. .,-. 

z~-~ _ ... 1 

-~--~ 
- ......... ·~· 



94/0é'í/12 142.6 
94/07/05 143.1 
94/07/22 143.4 
94/08/12 143.4 
94/09/11 143.3 
94/10/09 143.3 
94111/12 1-+3.1 
94/12/22 142.8. 

* 

... ~ ..... 

Elevation of various lithologic units 
Clay-Sand Sand-LiÍliestonc Limcstonc-Oo1omitc ... 

.MW-1 70.0 55.0 :13.0 

.MW-2 

.MW-3 
MW-4 
.MW-5 

so.o 64.0 
55.0 52.0 
90.0 75.0 
98.0 80.0 

_ ivl'ij-'6=~115 .0~. ~~-~~Si,O .. -:= -=. ~=~= 
--·-------~-- ~--

37.0 
32.0 
50.0 
55.0 

- -~~-7o o· _ 

13 

. 1 

. . . . - . ·•r 
.. _ Hint .. .Type.these numbers into emry form for Well Logs. Thc fif~t co1umn of numbcrs rcz¡;rs 
--lO the erevaúon of the COilta.Ct tictwccn clay iÍ1d. sa.nd 1aycrs (in fcct abo ve 111CoJ1 sca 1cvd). 

the sccond to .the contact betwcen sand and 1imcstonc. and Lhc third Lo thc contact bqwccn 
1imestone and do1omite. 

OUTPUTS 
A . . 

Sorne of outputs (printouts. repons) are appcnded to this cxercisc. 
l. Well construc;úon and 1itho1ogic 1og for well MW-1. 
2. Same for well .MW-6. 
3. Pumping test interpretaúon for well MW -4 (recovcl)· method). 
4. Pumping test interpretaúon for welll'vi\V-1 (drawdown and recovel)•). 
5. Pumping test iterprctaúon for well MW-2. 
6. Time series for TOS in well MW -l. 
7. TOS versus;;@Wh;,inwell MW-1. 
8. TOS como~ .· · · . 
9. Pipcr diagrarn-c.WÍlll 6 samp1es. 
10. Wilcox áiagram. 
11. Schoeller diagram. 
12. STIFF diagram for wd1 MW-1. 
13. Piczomctric contour map on 12 Junc 19~4. 
14. E1evaúon contours of lirnestone-do1ornite bedrock 
15. Lithol¡¡gic cross secúon MW-1 - MW-2.-
16. Fence diagram. 
17. A Hydrograph. 

-~. 

• .. 

·, ,,. 

-1 
'' 

·' 



~ 

Well Log: Lithology & Construction 1 
~~\~,.~.c~li~I~d~cn~t~~~---I-~J-am-,~-,--~~----~~--------------------~------~ 

i\IW-2 1 

\ Drtll. ~lcthod 
1
1 Drll!. Dzue.s' 

[x 800 IY 
1 

250 'Z 
1 

92.00 f ~leas. Pt. Ele'. 93.00 
' 

Allmc:L'illrcmcnts are in fcct. Hule and ca.siu~ dianH.:tcr!:> in inchcs. 5 ¡ (1 ) 
. ~----~------'"--''~~:x_.u----~-----. 

1

' Water Lc·.·cl.(it .-\~!SU 1 !omontJI 
. ~0.0 

Hale 

5 

10 12 

15 

20 +--""---1 

25 

30 

35 

40 

45 
3 

50 

55 

60 

65 

70 

Annulus 

Conduclor 
Pipe 
Ccmcntcd in 

Gr::ncl 
Pack 
Wcll 

-thoroughl~ 
dc\clopcd 
for 24 hours 

8 

by pump~ng 20 
and surgmg 

holc 

L~Chology 

CLAY 

SAi\D 

LJ;>.IESTONE 

DOLO~IITE 

Elev. 
[fe el] 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

25 



APPENDIXB 

DATA BASE:· 
STRUCTURE. 
FILES 

~-- ' 

'··-. 

These ·az.e internaúiles, contained within the data base 
templa te, GWW.OOO. You may retrive the files by follow
ing the steps: 

. l. Select Tools .. · 

2. Select Data Structure Design. 

3. Select File. 

4. Select Old. 

===-~~=-==~=-~=.::_ -:--T _,5.-=_S~lefi: a.DY: ~é~oriapplication from~thé-liSt.-------- ~ 

~~-~-----=-' 

-------

DATAENTRY 
Wellldent 
Desaiption 

District 
Locality 
Owne~: 

X .:.;::_:::~ 

y :,;. ·:-··· 
z -'-- === 
ZM -- ---
Map Sheet No. 

Year 

- = 
:::==::=--_:6~-:·-::C::l:os;e.the dialozye__bQ~~l'?i_· ~g pn·O_!< .. · ~---_ __ __ -

7. Sél~ct\Vrite Stru~e to STO ASCII 

8. Typean ASCII filename under which this file willbe .. 
saved. -- - , __ _ 

-·· ·" 
' . ' 

•::..~· 

-··MASTER DATA SÍRUCTUR.E 

No. of Characters Data..J'rpe_ Fo·nnat No. of Decimal DJRi" Unit 

10 
50--
20 --;. 

20 
20 
'1~-- ----- ., 
~C-

·10":-,c' ---
10 ' 

10 
10 

--

Well " - ---
Char. --
O.ar.-. -- -
O.ar ... --· 
Char-'- -- --
Num(l)im) Fixed 

Num(l)im) Fixed 
Num(Dim) Füced 
Num(l)im) Fixed-

Char --
O.ar 

--
,-.. ·,. .--~ 

..... -.. 

-:··--::.. 

. --:.. .·· 
,.· .. 

-, 
:: ~"'-' 

., .. 

2 m 
2 m 
2 m 
2 m 



:~---:...=:--

DATA ENTRY 
Well ldent -

Ca-
Mg 
Na 
K 
Fe 

Mn 
HC03 
C03 
504 
a 
N03 
N02 
P04 
F 

B 
Si02 ---
TD5 
Hardness 

Alkalinitv 
Conductivitv 

IPH 
Cations -
Anions 
SAR 

BaiErr 

,-... - ' .... 

_;;.. .·. 

-·-

-. ;; 

DATA BASE STRUCTURE FILES 

CHEMICAL DATA STRUCfURE 

No. of Characters 1 Da,.Tvpc 1 Format 1 No. of Decimal Di~it.: 
10 -
10 
10 
10 
10 
10 
JO 
10 
10 
JO 
10 
10 
10-
10 
10 
10 
JO 

10 . 
10 
10 
10 
10 
8 
8 
8 
8 

Wcll 1 1 
Num(Und) Fixed 2 -
Num(Und) 1 Fixed 12 
Num(Und) lnxed 12 

1 Num(Und) Fixed i 2· 
Num(Und) Fixed 2 .. 

Num(Undl Fixed 12 
Num(Und) Fixed 12 

1 Num(Und) lnxed 12 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 

1 Num(Und) Fixed 12 
1 Num(Und) Fixed 12 

Num(Und) - Fixed 12 
Num(Und) Fixed 12 
Num(Und) Fixed 12 -
Num(Und) Fixed 12 
Num(Und) _ Fixed 12 
Num(Und) Fixed 2 
Num(Und) Fixed 12 
Num(Und)- Fixed 2 

! Num(Und) Fixed 12 
1 Num(Und) 11xcd 14 
1 Num(Und) Fixed 12 

CHEMICAL DATA STRUCfURE 

FOR PARTS PER MILLION ENTRIES 

B-2 
1 

Unit 

.;.¡_¡ 

.•:.. 



DATA El'o'TRY 

Wellldent 

TestDatc 
Distan ce 

Avr,PRiluo 
Duri::J ti on 

lnSotTh . 

TransmissiVl rv 

Stora•• 
Leakance 

ConiAqTltickness 

b 

• 1 -

Id 
11 
d1 
Standard Error 

Method 

-- -- --
DATAENTRY 

-Tune----
---~ ·Drawdown 

PRilti! 

Sclection 

EstValues 

Difieren ce 

DATA Ei'o'TRY 

WeU Idcnt 

Aquúcr 

DATA BASE STRUCfURE FILES B-3 

PUMPING TEST DATA STRUCTURE 

! No. of Characlers 1 Data Tvoe 1 Fonnat 1 No. of DcClmal Dil!il<> 1 Unil 

IJO IWell 1 1 1 
lw 1 Date 1 dd.Iruru·v 1 · · - 1 
lw ! Num(Thm) 1 Flxl'd 2 1m 1 
i 15 1 Num(Dimj ! Roat 7 m3/dav 1 

i 15 1 Num(Dun) ! Float 7 min 1 
115 1 Num(Dun) 1 Fixed 2 m 1 

15 1 Num!Dun) i Roat 7 1 m2/dav 1 
115 1 N"m(Und) Ro<:~t7 

15 1 Num(Dim) Float 7 Í1/duY 
10 1 Num(Dim) Fixed 2 lm 
10 1 Num(Dun) Fixed 2 lm 

110 1 Num(Dim) 1 nxed 2 lm 
IJO 1 Num(Thm) 1 Fixed 2 m 1 

10 1 Num(Dim) 1 r-ued 2 m 
10 1 Num(Dim) FIXal2 m 
10 1 Num(Dim) Fixed 2 m 
25 laar 1 

- .. -

- - - - -PUMPING TEST ADDITIONAL-DATA-S'FRUGrURE=---=C--:-. .., 
. - - --- ' -- - - - -- -------

No. of Charactcrs 1 Da"' Tvt>e 1 fonnat 1 No. of Decimal O_igjto;. , 

c10 - - -- -IChar- - .. '1 1 --
·¡o IChar 1 1 
10 1=- 1 1 

ÍIO IChar 1 1 
ID ldtar 1 1 
10 -- IChar 1 1 

HYDROGRAPHSDATASTRUCTURE 

1 No. of Characters Data "JYpe 1 Fonnat 1 No. of Decimal Di~its 
l10 Well 1 1 

' 
1 30 Char 1 L 

1 Unit. 

1 -

1 Unit 

1 

1 

-
-_ 

. •', ! • 

' ' 



DATA E;'-.'TRY 

Date 

11me 

i).~pth 

, L.."vd 

¡ DATA E1\.'TRY 

1' Wcllldent 

1 DrilL Dates· 

ÍSWL 

1 D\VL ¡ Dril l. Mcthcxl 
ConcrBlockDx 

1 ConcrBiockDv 

! ConcrBlockH 

j Abo\·eGS 

l Ven.Scalc 

i Hor.Scale 

~ DATA Ei\TTRY 

~ V/cil!dcrH 

~ A 
; B 

1 Efficiencv 

. ., 

DATA EJ'\.'TRY 

'o\'d! ldem 

DATA BASESTRUCfURE FILES B-4 

HYDROGRAPHS ADDITIONAL, DATA STRUCURE 

'¡ ~o. of Char.1cters ·¡ D.1ta Tvpc 1 Format [ No. of Decimal Dia.ito; 1 Unit 

/lO j Date 1 m.m/ddl'ltv 1 

/lO ! Time 1 hhmrn'ss 1 
!!O 1 N"umCDunl 1 Fixcd 

,, len ,_ 
! 10 i Num([.hm) 1 h\cd 12 lm 

WELL LOG Al\TD LITHOLOGY DATA STRUCTURE 

i i'."o. of Characters j f)al.1 Tvpc ! formal 1 No. of Dcamal Digits 

1 10 1 1\'cll 1 1 

125 1 Char 1 
- ! 

i 10 ! NumiThrnl 1 F.xcd 12 
)lO 1 Num(Dun) ) Fixed 12 
130 I.Char 1 1 
!JO 1 Num(Dtm) 1 Fixcd !2 
!JO 1 Num~Dim) IFi.xcd 12 
/JO 1 Nurn(Dun) IFi.xcd 1 2 
IJO 1 r:t.xl..-d i2 
110 Hxed i 1 

llü 1 Excd 1 1 

STEP DRAWDOWN TEST DATA STRUCTURE 

1 :-.io. ofCharactcrs 1 Dat.a Trec 1 Format 1 No. of Decimal Difi!ts 

1 10 f Wcll 1 

112 1 NumQ:!nd} \ Roat /4 
In 1 Num(!¿nd) ! Float )4 
!JO 1 Nurn(!¿nd) ifued 12 
!Jo 1 Num(Und) ! Fixed 12 

GRAIN SIZE CURVE DATA STRUCTURE 

1 No. of CharaCtcr<> 

l1o 
i DaL.l Tvpc ; r:ormat 

f\VeJJ 

.. ·, ... 

! No. of Decimal Oigits 

1 

1 Unit j 

len 
im 
1 
lm 
lm 1 

:: : 
1 
1 

1 Un\t 

1 

1--J 
1 1 
1 

1 Unit 

1 



APPENDIX C .. ENTRY AND REPORTING FORMS 

PARTONE: 
ENTRY FÓRMS. - ~ , .. 

MASTER DATA ENTRY FORMS (in English, Portuguese, 
and Spanish) 

DADOS PRJHOPAIS 

CORSAH SISTEUA DE INFORIOA~0ES DE ÁGUA SUBTEIIRANEA 

Labol: 
x.y [mm) 

dx.dv 

---. --~~--~--

-=-=-:.=--.::::·-:__::_· ~--'----- ---· 

UDCACJJH 

DE&CRPCllN 

PROPET. uoo 

TOPE DEL.ACUFERO FONDO DEL.AtUFERO 



ENTRY & REPORTING FOR.!\15 C2 

CHEMICAL DATA ENTRY FORMS 

tl4~~ 

..... , """'"'"" D- Of G...np• 1 o-ot ....._ • 

r.ITO<I....,,. ("'C) EC: (l.lml'oo-'en\) " " ;:.. IJ>qyon 

"' .., .. " 
<003 " '" "03 

TDS ~m,) -~M '"' 
,, 

' '" ceo 

Rolloi•I'IOI 

ORGANICS IN WATER ANO SOIL 
Date e he m (m I'T'Jc::ldlffl Deplh (Y\ 806) 1.~., 1- T rchbrocthane 

1. 1-Dc:hbroi!:thanG 1.1-DchbiCI'lthene: 1.2-Dct.broelhQna 1.2-Dct.CIOiii:L"'ana Chb:olorm 

Toll.lene 

Hexamethylhept.Oiik:::;.;ane Hcxa;jecamethy!heptarlbr.ane Do::!acanoc a::d ti-Math,_N. g 

Melhyle:~ Chbcde Trchbn:ethene 

Xyena Malhyl Ethyl C.arton Du!!da 

Hoxane Tat~broethe:na Vmyl Chbr~ PCB-1200 Phenor 



ENTRY & REPORTING FORMS 

PUMPINGTEST ENTRY FORMS (in.English and 
Portugüese) 

LU: nJilic a tio n 

Nonhing (m) 

Aquiftr Thickness Production Well 
r---------,_---------+------------~ 

-- =c~.c-=-:.:==~~=c~-==Jd~~~W~el!~~::::::=:o=:=t=:.===l-· 

~ "c. 

rn:Me1l...i.~ 

Va!iJLation 

Po.., 

T......,.;.,siridado Selecion:ub (m21h) 

Cond. Hidr. (mllt) 

C3 

-. 

~- . 



- '·:' ~, .-~·--.-

ENT~Y.& REPORTING FORMS C4 

"· 

-... 

~-HYDROGRAPHS ÉNTRY FORM 
- .·.• 

Water Levels 

.. - ~-

ldentificatioñ · .·. 

MQ.,., Pl El (m .¡¡mt~ 

.· 
-WELL LOG ENTRYFORM .. . 

,. :.....,., ... & Construction 

1 

M~. Pl EL (m oonD 
-. 

Drll-Yatl'lc:d 

.. :· 

· ... 

·· .. 

·--~-



ENTRY & REPORTING FORMS es 

ADDITIONAL LITHOLOGY ENTRY FORM 

':- .. 

Additional Lithology Data Entry Form 
WeU bent 

e l.::JyfSancl (m lf\6 L.J 

---

a: 

STEP-DRAWDOWN TEST ENTRY FORM 

STEP TESTS 

ldentffication ,,.. 

A - .. 

' ' 



,,,. 

ENTRY & REPORTING FORMS 

PART TWO: REPORTING FORMS AND REPORTS. 

Wellldent 
STIFF Diagraln 

MW-5 
1 Name IType 

Milliequivalents pcr litcr 
S 4 3 2 1 O 1 2 3 4 S 

Ca 

Mg 

Fe 

Milliequiva!ents per liter 

Milligrams per liter 

Milliequivalents per liter 
~·. 

Milligrams p~r:lit_er.. --------~-
-,_-~ -;_- o-L~ 

·-L•-- •" -

--=-·- -----.. 
BOD COD 

TOS Hardness 
229.00 

1 Water Type 

Aquifer 

,..,.~t:kf~Jf~1:iii~~t~-w: 
""'"'<1}{;(:;1{$,{~1 

'~ ., ,, 

Cations 

Ca Mg Na 

0.5998 3.0000 0.2001 

12.02 36.47 4.60 

Anions 

HCOJ COJ S04 
.. 

3.90000 0.01999 

237.95 0.96 
-~ .-_-_ 

Diss. Oxygen F 

Alkalinity Conductivity 
270.00 

so, 

Cl 

N03 

K Fe 

0.01509 0.0645 

0.59 1.20 

.. 

Cl NOJ 

0.02003 0.00807 . 

0.71 0.50 

B Si02 

pH SAR 
7.50 0.1491 

Magnesium Bicarbonate 1 
Cations (epm) Anions (epm) 

3.88 3.95 
Error Balance (% 

1.75 
.. ,.~, 

C6 



,'•. 

Well ldent 

MW-1 

Easting (X) 

150 

Depth 
[m] 

-

5-

10-_ 

15-

20 

-

25-

-

30-

-

35-

._ 

40-

305 

310 

450 

350. 

·--~~.:: -;-~_:.-<;.. '"!- .... 

ENTRY & REPORTiJ';iG;FQRMS 

CONCENTRATION:-:'DEPTHSERIES -· 

¡Name 

Northing (Y) 

150 

. .---. , . .,__., 
. ·;-:~· .. 

. ::.,. 

,• 
,·.-

,_,.-

"-"- . .:_ -·- .. 

·'· ~-
..... ·.. -----:-· --

Gr6und Surf.CEJev. (Z) 
,;_· -~-'··as.o· o·.:::..-

---5.:.... -

TOS m ppm: 

. ~ .. :, 

~_-:r:z_~_\(:;-;. 
. - .. ~-~ 

{.;:·:~-; ;~~ :~~--~~ 

~:~if~; 
.- _;· .. · .-.. : . ~ _ .. 

~- "' .. .. . " ;,_,._-.... ":",-~··'-~' ~ -'::-;._-.. ~-~: . :-~-
-~:-

_,_ 
;; ,__ 
r.~-

~~~1t~\i;%~~;-

Meas. Point Elev. (Zm) 
86.00 

-

Level 
[m] 

85 

-80 

¡-

¡- 75 

r-

f-70 

r-

-65 

-

¡-60 

¡-

r-55 

-50 

r-45 

C7 

1 

"' 



ENTRY & REPORTING FORMS es 

L~--------------~----S_c_h_o_e_ll_e~r_D_•_·a_g_r_a_rn __ · ________________ ~• 
Schoeller Dlagram 

3 

2 

A.9 
0.8 
0.7 
0.6 

f~:: 
t0.3 

r0.2 

r 

8:&9 
0.08 
0.07 
0.06 
0.05 

0.04 ' 

r0.03 

r-02 

f 

(
8:8¿9 
0.008 
0.007 
0.006 

lo.oos 

~0.004 
0.003 

0.002 

0.001 
EPM 

~~r f~~ ~~~o 200 ro 

1 !~ /l~: m . ~go / 200 

30 /,; . -~< ·-.. r40 ~~ ~go 
~ ·.·/.i ,,.... ... - 1 ' --~30 60 ,/1 80 
' p ;.. '\. ' f. 111 70 lzo·: · \. '-,·. so .. , 60 

f·;..¿ ~o ·.~.-, 
1

:o /fi so 

8 \ '·' i·.. ·.'í 1 40 
7 \ ' \·. f:t 1 

r 6 . ~\ n' 
8 's ·, r9V1 ¡·. 20 1,j i 1 4 ·. cBI.i·. t:1 1 

f~ 3 \H\~\ io /) i 
. ' ¡ \ 1\ -, - 1 ¿ .¡/ 1 
f'" ~ \ 9¡ .; 1 

,.4 \ \1, ~6 '~ l/ 1 
i . 11 l5 é ·' 1: 1 

1 \\f 4 [~ji i 
2 l 

f g:~ \ \p~><" ;! i 

t 
. . -, 1 1 

A 9 o.6 1 1 " : 1 

. o:s 10.5 &.9 1 1 7 1 
-[0.7 0.4 0.8 1 : 1 
• 0.6 0.7 1 11 1 1 
~0.5 0.3 0.6 ' 0.9 i 
• 0.5 1 0.8 1 

r
. 0.4 -9,-?o----- o 91 

0.2 0.4 o.61 o·8¡ 
0.3 o.s \ o:~ 

30 

&.9 
0.8 
0.7 

oJ 
0.8 
0.7 
0.6 
0.5 

0.4 

0.3 

0.2-

o~d~~-
o.os 
0.07 
0.06 
0.05 

0.04 

0.03 

0.02 

0.3 1 0.~ 
).0.2-~.. -. 0.4 1 o. 

:¿~ =~· -n~ 0.2 ,::: \ :t 
0·6 o~ós¿ 
0.5 0.008 

0.007 
0.4 0.006 

Hf l¡ :·:! ~u~ \ 12 

o.os o.o3 o.o6 8:A9 1 i 
0.05 0.08 1 1 

o.o4 ~o.o7 1 :o9 

r
0.02- f0.04 ~0.06 1 0.08 

0.03 [ 0.05 1 0.07 
0.03 1 0.06 

0.04 0.05 

Ca Mg Na CI S0
4 

0.3 0.005 

0.004 
0·2 0.003 

.8:A9 
0.08 
0.07 

0.002 

0.001 
EPM 

MW-1 

MW-2 

MW-3 

MW-4 

MW-5 

MW-6 



... 

ENTRY & REPORTING FOR..MS 

'*Piper Diagra_ m l 
~--------~--------~------------~~ 

Plper Dlagram 

100 

80 80 

60 60 

40 
Ca+Mg 

40 .... 

Na+K 
20 20 

o/ -=-too=-- · ----
·. 

. . 
-. ... -=.-=:· .- ·- .. 

. . ·.: '. ;,·_ ... ·,· ... :_.·_.- :~.:,-

-- .· ..... ' .. :-.... _: __ ·_.) .. :· .. · . . . 20 '.\".- :-::. ·_: .... -:-':. 
- --:----_· ..... ·.---... -: :-::. ·s:,--_ .·. _ .. ." .- --~- -.. .:.· .... ,· ....... :.-- :-·· 

o '-----'--.,._-'-'-~.:.;__-'-'-~-'-:'--'-'---' IJ--'-'.---':-'~~---'--'--'---"'-----',' .:...· --'---" o 
100 so . 60 40 20 o o 

Ca 
: .... ·-

CATIONS 

1 r.twt~~f%c_ --. 
2 i\-IW :~_:_- ';;:;¿_ 
3 MW:.J~~=-::~ 

4 i\-IW-4 
S· i\-IW-5 
6 i\-IW-6 

20 . 40 ' 60 80 

CI 

ANIONS 

100 

C9 



!--

7~ 

,_ 
~ ..... -
t"..L 
-~-

. 1= --~~ 

t; ~,._ 

ENTRY & REPORTING FORMS ' 

·- -::....·· .;.;:·.:,·.-·~ . 
~ .,.., 4. 

-~-:~~i~ -.. 

-~--

§lO 
-:.-~-., ·-

É-:: ~
.. ~~.= 

1
:· -;.. -~"· Wilcox Diagram ,::; ; ~-- j~.:-

L . .::_-~---·e;_· ----------------~"-7-' -:-'=-.,--~,---'~é-:-_,c-_· 

·'*ffi& 

wí1cox Dlagram 
~- ;-:.-;- ... <· -· ··.;:!.;-

'--. ' 

- <. 
·-

·--7"':- ~~ .. - _.~ -. :~. 

Sodium -· 
_ (alkall) : ·<o -

7.: r. -'H'-'a_z:.cac.rd"---+---'i-To.:.o ___ --,-,--,--,--'· sc;o.:.o_,-,--"-;1.:.0,00'----· ·--'· _"'f,_L:,. _,_,-"'·.·=·'"'-.,--.,-5=-=,000 -
.'' \-, 

--

-. 

Vcry __ ,._ 
High 

S4 

. High 
S3 

Low 
SI 

··--~ .30 

•. · 

.. .,..-. 

28 

26 

24 

22 
-- ·-·-zo 

::. .•. : ._. ~·· 

·=>. 

- ··: .•. 

.·: 

·3.· MW-3 ·- •· . 
. '":.• -

4~-MW-4)· ~ -· 
·s--~· lYfW-s::.;.-~-- -
6 ·,, MVi ·6 . ~: .. _ . 

30 

-----· - ·-=-:-=-~ --

C! C2 C3 C4 

Low High _ ·:. • .-::_ \very High 
- ... - .. ' 

Medium 

Salimry Hazard 

~~
;~;- ~ ... -
·--~-·.;:_..,._ 

·•---";; 
··::-·-~ 

.. '"• . . 
": ->"::-
; ---:_.._._ 

~-~~¿-:_ .. 
::~~-~~~. 

·- ~--;:: 
:.:.: .. -:? 

·. 

-



1 Afl constltuencs In ppm Sums of anlons and catlons In epm TOS In ppm Conductlvlty In mlcromhosfcm at 25[j 

Well ldent Ca Mg Na K Fe Catlo~ HC03 S04 Cl N03 A~ions TDS CouductiYit) 

P-103. 24.05 18.11 ' 13.79 1.56 3_33 187.92 3.84 5.32 3.31 255.00 300.00 
;1,",' 11''•. 

P-152 12.83 21.88.'.1:~ {:¡~3:91 2.35 3.54 . 206.83 0.05 2.84 3.47 272.00 320.00 
'il' 'tl"'.'11 

P-153 . 17.64 20.67.-'-¡ ,,¡:f9.:89 0.39 3.89 223.92 1.92 2.84 3.79 299.00 350.00 
1'. '•.''"·,·!·¡ ,,'j, 

P-163 . 15.23 17.63 12.87 0.78 2.79 162.90 4.80 1.77 2.82 218.00 280.00 

P-166 14.43 18.11 13.79 0.39 2.82 172.ó7 0.05 1.42 2.87 222.00 280.00 

P-170 12.02 36.47 4.60 0.59 13.03 4.62 237.95 0.96 0.71 37.20 4.54 229.00 270.00 

P-177 14.43 15.93 16.78 0.39 2.77 158.63 0.05 2.84 2.68 248.00 250.00 
' 

P-180 24.05 15.80 11.95 1.17 3.05 164.7.1 4.80 3.90 2.91 228.00 290.00 

P-186 17.64 17.87 . 25.98 1.56 3.52 183.0·1 24.98 1.77 3.57 274.00 340.00 

P-20 . 34.47 26.02 27.36 0.78 5.07 280.66 12.97 4.96 5.01 390.00 -170.00 

P-206 64.53 -10.09 34.94 0.39 5.58 331.91 7.68 2.84 5.68 454.00 520.00 

P-577 16.83 17.38 15.~6 0.39 2.97, 170.84 0.05 3.90 2.91 226.00 260.00 

P-580 14.43 17.38 22.99 0.39 3.16 189.75 0.05 5.67 3.27 252.00 290.00 

P-600 23.25 21.76 . 30.80 0.78 4.31 244.05 0.96 0.35 4.27 330.00 370.00 

P-72 25:25 26.02 24.83 2.35 4.54 259.91 0.96 4.96 4.42 345.00 410.00 

P-74 38.48 20.30 14.94 1.96 4.29 77.49 7.68 3.90 4.10 243.00 380.00 

P-84 21.24 .19.45 19.77 2.74. 3.59 202.56 1.92 3.90 3.47 273.00 330.00 

SRRG-19 10.02 10.94 213.79 1.17 10.73 430.75 0.96 66.64 10.39 780.00 950.00 

SRRG-22 9.62 '10.33 197.70 3.52 10.02 506.41 0.96 71.61 10.34 805.00 900.00 

SRRG-38 10.02 8.27 43.68 4.30 3.19 152.53 24.98 5.67 3.18 254.00 290.00 

SRRG-4 8.02 9.60 183.91 3.91 9.29 408.79 12.01 99.26 9.75 730.00' 900.00 

SRRG-7 4.41 1.95 2.30 2.35 0.54 25.63 1.92 1.77 0.51 42.00 45.00 

SRRG-8 6.41 9.36 39.08 2.74 2.86 ·122.03 39.87 7.80 3.05 229.00 250.00 . 
' 



Well-ldenf - · -

Easting (m) 
. · - ISO 

._-_ . 

' _.-

-. 

• e ";: " • .-__ ') : ... 
. -~. ~ ·- -~-'~ - .. 

;. .·. --·· .:-
-. ::í - ..._ 

·~-- ~: -~- - . 

,• -~ -~-

ENTRY & REPORTING FORMS 

Chemistry Concentration 1 Time 

Northing (m) 

.... .,¡¡,- • 
150 

. ·-

·,. ' 

-Monitoring wcll in Corozo Panda . 

····--· 

1 

Gr. Sur!. Ele'.'. (m amsl) 
!i5.00 

Cl2 



Idcnt 

l\.JW-2 

ENTRY & REPORTING FORMS C14 

on 

Rouu-y "ith bcntonitc 1 Dnll. Dates 15 to 22 Mnrch 1994 

1 X 800 1 Y 250 1 Z . 92.00 11\;leas. Pt. Elev. 
A1J mcasurements are in mcters. Hale ru1d casing diamctcrs in inches. Scales (1: x:a:) 

r:-;---,----,------, 
1 Water Le'"cl (m AMSL) 

Depth Hale 
[m] 

5 

10 12 

15 

20 

25 

30 

35 

40 

45 
8 

50 

55 

60 

65 
_, 

70 

Annulus 

Conductor 
Pipe 
Ccrnentcd in 

Grave! 
Pnck 
Well 
th_9_roughly 
dcvclof:cd 
for 24 Jours 
by ¡umping 
an surgiog 

88.20 

8 

4 

30 

j Verrical JI Horizontal 

lithology 

CLA Y, with sorne 
silt nnd fine sand 

SANO. fine lo mcdium 
graincd 

... r .. -

LIMESTONE dolomitic, 
frnctured 

DOLOMITE "ith mllf"ly 
limcstonc, bro"'n 

93.00 

40.0 

Elev. 
[m] 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

25 
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ENTRY&REEQRTING FORMS C15 

. TESTE DE-BOMBEAMENTO 1 
... 

1 

POCO 1 
1 

Município 
Gl433RM1P3 

.. . 
Flores,da:Cunha. 

Dist Pogo.Obs. [m] Vazao Média [m3/hl Durac;ao [min] Espes. Sal Inicial [m] · 
6.00 6.666-7 900.00 

1 

. Resultados. 
1 

Erro da Estimativa (m] · 
. ... 0.02. 

Transmissividade [m2/h] Coeficiente de Armazenamento Gotejamento [1/day] 
9.10 0.009-76-78 0.049710. 

Método Método-de-Hilntush 

n "' 

. . 

1· 1 

. 

. 
~. '"' ·:g 

1~ 
. 

. 
.. 

S . 

·=· . "" .. :e -:- r--
~ ,._ 

·<= 
. .Q • 

t:...-.·. :~ 1 -- . 

. . 
: ' 

1. . 

~ 
1· ¡ .. 

. ' 

. ·¡¡_¡ 1 10 100 10011 

Tempo::Jminl 
~ 

. 

. ~ '. 
-·~· 



ENTRY & REPORTING FORMS Cl6 

Durat1on 1 lnitial Sat. 
1200.0 

Besults 

0.10 

Fit Method Theis Mcthod 



ENTRY & REPORTING FORMS 

-· 
Well No. a E 

~· 1 
Hydrograph Reporting Form 

A-0001 Dcscnption Observatlon well in St Johns Dl.sti.ict 

X. y Ground Surf. Elev; Measuring Pt. Elev. · 
·-1235568 10781674 

1 Aquifcr Quaternary . 

Dcpth [fcct] 
95 

1 

1 

1 

1 

1 

96 

97 

98 

99 

lOO 

---10 1 

1 102 

103 

1 

1 
-

104 

105 

106 

~ 

. 

- .-

1\ 

'." 

·-· 
\1'1 

t 

N 
- - ---

-- .. - --

--

7 

1 '~--. 1 1 8 .• "-·! 1 

10 

10 
80 81 82 83 84 

- - --. -- _. "'-_---:"·-
. -=--,:---,.~ 

A-0001 

1 

' 
.e 

-
- -

~ 

1 

--

85 .86 87 

153.36 

·-

1 -

-.-

~ 

.. 

1 
1 ' 88 89 90 

-· --
-

•• ,..o· 

-- --

. 

A 
/'1 \ 

~ ··u 
¡.¡: --

. 
1 

91 92 .. 

153.36 -

Lcvel [fect] 

-=5 8 
·. 

- 5 7. 

~5 6 
.. 

.. -
----------

-_"'_:-_; -~ -=~-

. -
-

-
-
-

·-
.i: 

. l. 

93 . 
- --

55 

54 ::···-

S 3 

52 

51 . 

so 
49 .. 

48··· 

47 

46-

'· . 
-.. 

:..,..·_ ,.; -

. ------ -· 

- - - ·- . 

. -~-
. - - -· -

- .. ----=--~-
~~:-~~~~~~--~- :~.-~ ->~~ 
-... - .... ---'t. ·.:.--
~-- -· :.:-. _ __; -- - ' • ,:.! 

- --. 

,. ·- ..• -

-- ·, 

- ... - . -

- --, . : : 

-.· . 
. ·- - -... _--..:.: - _-

.. ·-
.. - : .. -. 

.. ~: .,_ . --. 

-. -------. .:__·· 

...... -- \ .. -
. - . 

·----- ·:--::__ ·- . < 
-;,;,o----~-5~:.._-~-:.~:;:::-_. ____ ....;... ________ ~_ ...... ·"-· . 

;. .. 

:....· . - ' 

··.-
J-

--~--· - -
,._ ¡-

-.- _.-
. - . ~ ' 

, -. -

·' 

:· -._:.-;>~~~ .::.. 
: -· . 

-- -----
- ·-. - -- -•.. - - --;!':-

·- . : --
·--- ' . . ' 

.: ' 

1- --

-· :: 

.. 

_,_, 

.. , 
- ·~ .. -
-~' .. :.t-

. .. 
. ;._·. 

,. 
<' ,-

·".. 



C-18 ENTRY &: REPOIITING FORMS 

Gratn Slze Curve '• 
. '. 

Wet. ldent ¡ 1 Dcl;cnpt¡on GSC-1 MOnitor_Lnc¡ Wall, La.cdfill NN Proj•et 

-- 12-14m 

---- 17-21 m 

,: 11 111, li 111 \1\, 11111 111 

80 1 1 ~ 1 1 

70 111 1 1 ~1 
1 1 1 

1 1 

1"eo 
11 1 1 1 1 

1 
e ' 1 e 

~11 e 

11 ! 1 11 1 1 
1) Q. 1 

¡f. \ 
«l 

1 
~ 

JO 

1 
~1 -:¡o 

1 1 10 
.... --

11 1 1 1 
~ r- -

o 
1000 100 10 1 0.1 0.01 0.001 

Gnw1 Stze I"'Millll-..1 

~ Sond 

i ~- ~ ~ 
' 

~ 4 ~ E sa-car 
u ~ ~ 

~ ~ 
~ ~ 

~ 
u ¡¡:: u ..... 
:> u :¡; :> :¡; 

s....., Sizea (nm) 12·14 m 17-21m 

0.001 3.00 7.00 

--.------::.-:~ 0.010 7.00 11.00 
--

- .--~· ~-. 0.~ 1200 15.00 

~!~~~~~~--->. 0.100 1 ~.00 21.00 
.. 

0.200 1 g_oo 24.00 

0.~ 22.00 28.00 

1.000 34.00 39.00 
2000 44.00 5200 
5.000 62.00 n.oo 

10.000 79.00 87.00 
20.000 g¡_oo w.oo 
25.000 100.00 100.00 
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o 
F4 
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¡ 
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: ~ ,, / -

[ ·A Liuidftll ~·De m o. of tite GWW Software· 
--- '•---_ .... 

Ground Water Con tour Elevations ift AMSL) 

.... --G¡¡oUa;¡¡;¡¡¡.,¡,JI;;¡•ID<iOiiiilaiiituiiOI;;;"'-;¡¡•.-JiiiiiÚul;;;;;;td;;...--· 

L'L(}'E/J.I!P .·. 
Sclllt 1:~ 1000 ,, .-' 

¡ ' 



.. i -~· --
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--- _ _,._ j 

1 .. 
¡ :, 

o 
¡1 ~ 

ü 
0: 
0: ., 

--
~· 

... 
~ 

§ lEGEND 
t: 17SOOO (H) 

~ t:t800M 

' 1 ~ ..-¡ ,. 1 ' ¡l. 
1 ¡ ,: ' 

,, 
\ '• ' ¡ ' 

~ CU.Y C'l 
·0•0• 

OOAY!l a ... · .. · 
~.f:~·: ....., ¡ .... : ..... 111 -:·:-:-: 

i_ ,,,, ... 
' 

'Onx.nd ,_ !lo'l. 

w~~or..-.Mrtll7 ............... 

,¡ 

g 



C-22 

', 

-"C:--
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- .•. 
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ENTRY & REPORTING FORMS 

PAIIT THREE: 
ASCII FILE 
FORMFOR 
ADVANCED. 
USERS 

Master File Entry . 
Form 

TEXT 'GWW Maslr:r Data' (130.3QJ470.90) 2.15.21!.20 P(O.O.D) 8(191.0.0) ·: · 
·c;v-. w Mas!rr Data' cc.o.o 
'An.ol' 20.1.1.0 00.255.255) . 

DAIA 'WcllldCnt '(UOJ60.270J10) 2.15Ji.O P(O.O.D) 11(255.2.55.255) 
'ld=t 'LUO.O 
'MS Sons Seri!'lllll.O C(O.O.O) 
CB.I0.-10 
'MS Sons Seri!' IU.D.O C(U.O.D) 

DAIA 'I)ogq;ptian ' (390J70.MOJOO) 2.15.0.0 P(O.O.O) B(255.2.55.255) •. 
'DcocriJ?Ila'. • r..:uo.o 
'Hdv a o .o .o OO.O.D) 
CB.I0.-10 
'Courit:r' 10.0.0.0 C(O.O.D) 

DATA Thstriá '(1230.170.370J00)2.15.0.DP(O.O.D) 11(255.2.55.255) :·' 
'Ilu= ·wo.o 
'Hdv' 8,0.0.0 C(O.O.D) 
CB,10,-IO 

'Couru:r'10.0.0.0 C(O.O.O) . < • 

DAIA 'loGWry ' (130.370.370JOO) 2.15.0.0 P(U.O.O) 11(255.2.55.255) 
1.oaWry . 'IJ'JO.O 
'He! V" 8.0.0.0 C(O.O.O) ' CBJ0,-10 .. 

·=. 1 o .o .o .o C(O .o .D) 
DAIA 'Owner '(500.370.370JOO) 2.15.0.0_ P(U.O.O) 11(255.255.255). 

'Ownc:r 'wo.o .. 
'HdV" 8,0.0.0 C(O.O.O) 
CB.I0,-10 • 
'Courit:r'10.0.0.0 C(U.O,O) 

DAIA 'Wellldrnt . ' (120J60.270JIO) 6,15.0.0 P(O.O.D) B(255.255.255) 
1drnt 'LTJO.O 
'MS Sons Scri!'U.l.D.O C(O.O.D) 
CB,I0,-10 

'MS Sons s.:rif' 1U.O.O C(O.O.O) 

. ·-~. 

. ·-
DAIA 'Dcscn¡iti<in '(390J70.MOJOO) 2.15.0.0 P(U.O.O) 11(255.255.255) , .... 

'Do.cripnan _ 'LTJO.O 
'Hdv' 6.0,0.0 C(O.O.O) 
CB.ID.-10 

·--~- . 

. ,. 

. .. '" 
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ENTRY &: REPORTING FORMS 

'Courit:r' 10.0,D.D C(O.O.Il) 
DATA Thstria. '(1230.170.370.100) :US.O.O P(O.O.Ol 8(255.255.255) 

'Dutrict ·wo.o 
'Hdv' 8.0.0.0 C(O.O.Il) 
Ol.I0.-10 
'Couricr' 10.0.0.0 C(O.O.Il). 

DATA 'U>ali<y . '(1.30..l71l..l70.100) :US.O.O P(O.O.O) 8(255.255.255) 
· _ 'Ux:Wty ·wo.o 

'Hdv' I!.D.O.O C(O.O.Il) 
CB.l0,-10 
'Courit:r'10.0.0.0 C(O.O.Il) _ 

DATA 'Owncr '(500..l70.370.100) 2.15.0.0 P(O.O.O) 1!(255.255.255) 
'Owncr 'LT.lO.O 
'Hdv' 8.0.0.0 C(O.O.Dl 
CB.l0,-10 
. -~'10.0.0.0 C(O.O.Il) 

DATA 'X '(i3o.270.340.100) :US.O.O P(ll.O.OJ 8(255.255.255) 
'Eastmg 'U.lO.O 
'Hclv' 8.0.0.0 C(O.O.Il) 
CB,l0,-10 
'ComH:r'lO.O.O.O C(O.O.Il) 

DAIA 'Y _ ' (00.270,3611.100) 2.15.0.0 P(O.O.Il) B(255.255.255) 
•'Nanhing _. 'll!O.O 

- 'Hdv' 8.0.0.0 C(O.D.D) 
· Ol,I0,-10 

·c:oan.,;·to.o.o.oc<O.o.OJ · . _ 
- -. bi.:rA: 'Z • (830.270.380.100, :ziS.o.o P(O.O.OJ B(is5is.255) 

··,:·GiótmdSarf.EJ..v.:.wo-!1 -·_ · 
'Hdv' 8.0.0.0 C(O.O.Il) • 4\'•l'.:. 

CB.l0.-10 .-
'Courit:r'10.0.0.0 C(OP.D). 

DATA 7M '(1210,270.390.100) 2.15.0.0 P(O.O.Il) B(255.255.255) 
·'Meosur. Pt. Ekv-. 'U,10.0 . 
, 'Hdv' 8,0.0.0 C(O.O.D)-

. .. .Ol.l0,-10 
· --·;~·to.o:O.o C(O.O.oi -· · 

-. DÁTA 'Map SheetNo,: · '(12lll.37iJ.320,100) 2.15.0.0 P(O.O.O) 8(255.255.255) 
'Map !O.eei ~-·- 'U.lO.O . - . . 

-'Hdv' 8.0.0.0 C(O.O.Il) .. 
... CB.10.-10 .. 

'Courier'lOfl.O.O C(O.O.O) .... ..._ 

'-'-~. 

- ·-:·• 
;._ . - - .·.., 

.-- ' 

. ~-

C-23 

...... 

-·· 

~ 

. .:;:- ... 



~-·-

- , __ _ -~ 

:;.. ...... 

~{_ . -- . - ~- -·.. - .. , ~-- ~- :- ~ 

-. = 
:,. .!_ 

1 .DATA 1 W e'fT· I d e n t 
(120 1 16Ü 1 270:1-io) 21151010 P(OIOIO) 
13(255~255 ,2.55)· -~ 

~~ : 1-:. 'Ident . ·-

_ .. ·.: .. ,~ -
" 

:.,_ '·'., - ;,:;._, 
... , --

::_.! ... 

Example of an input 
text block in the 
Master Fue Entry 
Forro:·-~.: 

- .. ,-. 

- .. : 
... 
- _:.:.-

- ... - ' 

- - ' ... . . . 

-- .. -.. 

. _,,·:;-.·' 

- .· .--· ':.:.'- ":. .. 
. -· . '. 



r~rs"· .. _. .. M!_ ...... _:~!<- ':#"-P-.... 

! . 
~- -- !' 

?- . · ... -. 
"i -.(.. ---
,, 
J ;..-

' . . -. 

,_- . , 

. - -

. . 

__ .- .. 
~ . _;. 

- --
. :.-~•-

-· 
L:; .--

.... ---..=.= ·- . --:-?'".:.J. 

--:.. 

.· 

--..: 

_: . .-~ 

---- ____.._;; 
---:--. 

:=-""'":-·-

.:?-- ·_- ~ .-

-~ ===...;_ __ -

.-. 
--·'""--· -. 

· .. 

. -.,.: -

---.-

Second bor: 'Ident' ~s· tñe-laiÍel~wilt ~ ·cüspia~ ancÍ: 
prinled. :Ntnice that FieldNam:e ánd l.abel-NJ:ile cro-.nat néed to be. 
the same:Field-Name DiUsrapPear.eJW:Il,.&;:l is esdleidiintD~ 
E>ata lile SlrllctUre, but you ~ytype an · urt.abe1 ~- . 

ThelettersLl'-indicatethe~a:M.~~ 
- tively. 'Ilie Jetters_ have the :follawing"tlle¡lniñg; - . . . -: __ -

.-- L == lcft 
•. --e = CCIIICr. 
fi R=right 

•. T=lOJt 
• B=balf.am 

- .. 

---;-. 

- -:-:¡- • 
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APPENDIX D ... VARIOUS ASCII FILES ... 
PROGRAM'S DEFAULT AND EXAMPLES 

.. 

. -:,\ 

GWW.UNT . ,. 

Uni!s-, tyjie of units, and 
convéridon fact.Q,r,s. 
First line (header) is not 
a part ofthe me. 

Data Type-

Length'> 
-
~ - Length":'· .. 

Length 
Length.--
Length 

. 

Unit 

m 
' cm 

mm 
in eh 
feet 

. 
Length· 

.. - yard - .. 
Length .. •. -,e mil e 

J 

Length. :--- ···Km -
Tune sec 
Tune 

..• 
min 

Tune hr 
Tune. da y 

Volumec. ._,. m3 
Volume .. - l 
Volume ~· cm3 .. 
Volume 

. 
. quart -Volume -........ barre! 

Volume . -· acre-ft 
Volume' -· gallon .. 

-· Volume···· 
. -

ft3 
" Area iñ2 -- Are a ha .•. .--·· 

·Area -·· ft2 
----::_ ~-

Area . .- acre 

;_-:_~:. -~-;_---:: Are a . Donurn 
:~;--

.• - .;;;=--..:·;.7-_---:--.:-. Aowrate. m3/s -=-=-·:....__-

ffi~~l~;~ Aowrate -- l/s ·:·:;.."". 
,/ Aowrate. -- - gpm -Aowrate -:·- g(UK)pm 

. .._:.- Aowrate·: ..;;:~ 
. acre-ft/d . Aowrate - m3/day .: . Velocity ... , ... m/sec ··-. . VelocitY. .• cm/sec., -.. Velocity . :~.: m/d 

.. Velocity ~. -·· m/yr --

-- Velocity ,;.,----- m3/s/acre 
-. ··- • ... --:. ., .::..•·-

. •·. --- ----- ~---.. 
~ -. 

-- .,.,_ . -·-·• : -

_Conversion 
-. Factor 
. l.OOOOOOOE 00 
-l.OOOOOOOE-02 

l.OOOOOOOE-03. 
2.5400000E-02 
3.0487800E-01 
9.1440000E-01 
Í.6090000E 03 
l.OOOOOOOE03 
l.OOOOOOOE 00 
6.0000000E 01 
1.4400000E03 
S .6400000E 04 
l.OOOOOOOEOO 
1 :oooooooE-03 
l.OOOOOOOE-06 
9.4760000E-04 
15900000E-01 
12340000E 03 
3.7850000E-03 
2.8299688E-02 

·l.OOOOOOOE 00 
l,OOOOOOOE 04 
9 }902260E-02 
4 .0470000E 03 
LOOOOOOOE03 
l.OOOOOOOE 00 
l.OOOOOOOE-03 
6.3090000E-05 
7 5770000E-05 
1 :4580000E-04 
ÜSOOOOOE-05 
l.OOOOOOOE 00 

.l.OOOOOOOE-02 

·fr 

!.lSOOOOOE-05 
4.1975000E-03 
32708762E 01 . 

_ ... 

., -
..• 

> ----

' -~-

··,;.,' 

. ----

. . . 
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ASCIT ffiES - EXAMPLES 

Velodty gpid 
Velodty ft/ sec 

· Trans~~ivity· _-- '-inUs · 
_ TransmissiV!ty • na-¡ day _ · 

. e -Transmil;~ty. ~ _ • . g¡XIi'ft- -
. - -"~1'rá.nllírifssivit:y :- ·-gftJI<)pd/ ft 

. -_'-Tniils~n;issiVlty~ :- ft21min .. 
-Permeability · m/ s 

- -~'--

;Perrneability· · · m/day 
Pe!'I~uiábility _' crnH 
Permeabiliti : . gá.l! da y 1 ft2 

·Penneabi!ity_'. . ft/s 
Permeabillfy- . ftl da y 
: Pressure- Pascal 

- -~ _Pressure~- · pounds/sq.in. 
Pressure • - J lb/ sq · 
P~sure-_ - a&nosphere-
~~e-c- ~ 

--~P~sure·< kg/iif.s2 . 
_ _ . _ Tempi!Ill~ - • ~ius· -· ~ 

. .::--=-

- .. ""'<' • ---- ·.': : ·-Energy~, jouJé.c • ' 

'~~~~ - --~-~- ~ -~=~~s:~:~~{~_}_·-.m~---~~ -. 
;~t~:1i;J~; __ --~~\:~ ' . ~E;<~~~,- :~:-::rz~:'.- ·--~; 
{--.--::-- ,_ -;..- ~ -.-;_ e-
-~ .-=.,. - =_--=·:·""'-~ 

l~~~; :i~~f~~-~·'lcco~:.,~·:--_ . 

D-2 

'-,.- . 

- .. - ::,. 
... -~~ ·---
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.. -

.. 
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ASCII FILES .. EXAMPLES 

PPMTOEPM.TBL 
The first line (header) 

is nota part of thc file. · 

· Constituent 

_._, -----· 
_;;-~~~-~~,-

i~~~__o~z 
~---~..,..-_--~ 

-Ca 
Mg 
Na .·-
ic ·' --. 
Fe··." · 
Mn'· 

.HC03 
cm· 
504' 
Cl 
N03 
NO 
Pü_4 
Si02 · 

· Sr 

.. 2!' . 
Al -,_. 

NH4 
Ba 
Be 
Br 
Cd 
Co 

_ Cu 
F . :
H" 
OH 

I _, 

u-::
Rb . 

'"-:-

- ~ ~ .. ' 

--.--

Convcrsion EKtor 

o 04990 
0.03226 
0.0-1350 
0.02557 
0.05372 
0.03640 
0.01639 
0.03333 
0.02082 
0.02821 
0.01613 
0.0217-1 
0.03159 
0.27750 
o 02283 
0.03060 
0.1lll9 
0.055-14 
001456 
033288 
0.01251 
0.01//9 
0.0339-1 
0.031-!8 
0.0526-1 
0.99209 
0.05880 
0.00788 
0.1-1411 
0.01170 

-- .- D-3. _. ·.::--

'~ :::· 

~ --
- - -; . . . _ ~ ··-

--~~' 

~--. 

:. .. 

···--
., . 

- ~·- 'f. --

- .... -__ .-

'._- -;._.. .:·-

.. 
~- ·-·--

.·:¡;:-;;_-· 
-~- .. ~ 
.:~ . ' 

. ·<-.::.. •. 
r ... ...: • 

. .. ':· 

- - --
~...¡' • -

. ~-~:.:..: . --. --

-~:~~'---
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ASCII FILES .. EXAMPLES 

GUARICO 
Example of a liné fUe . 

· (a river). The first line 
(header) is nota part 

of the file. 

· X Coo retina te 

672327.68700000 
. 672175.68700000 

672210.68700000 
672457.68700000 

. 672540.68700000 

Y Coorctinate 
97082425000000 
97057225000000. 
970399 25000000 
970604.25000000 
970307 25000000 . 

672367.68700000 969797 25000000 
672282.68700000 969622.25000000 
672537.68700000. 969119.25000000 . 
672610.68700000 969004.25000000 
672987.68700000 96943225000000 
673195.68700000 969052.25000000 __ ---.·~~.---

- - - . . - .673.0S7.687ocxi00 96868925000000"-

D-4 

___ ---- ----,- ·-

---"'---------~~-:-__ -=.._-_--.~~~~;:~=----.~~~~~=~~------.,-----"-----:'-
673897.68700000 968989.25000000 

. 674237.68700000 968362.25000000 
674337.68700000 96789925000000 
67 4067.68700000 967649.25000000 -·· 
673997.68700000 96755925000000 

... ....... 
673870.68700000 967364.25000000 
673510.68700000 . 967297.25000000 . 
673117.68700000 . 96722225000000 

,, .... 672930.68700000 96721925000000 
673002.68700000 967437.25000000 

.673177.68700000 . 967689.25000000 . 

. 673017.68700000 967897.25000000 
672712.687doooo . 967592.25(Í()()()()O 
672515.68700000. 967367 2.5000000 
672575.68700000 96701225000000 
672857.68700000 . 96677425000000 

-~-=.- ~--=-:?"_' . 
673002.68700000 . 966592.25000000 
"673257.68700000. 966827 25000000 
.673462.68700000 966687 25000000 

. 673205.bS700000 96626225000000 
673342.68700000 965977.25000000 ....... 
673570.68700000 9657 44.25000000 

-- ·· .. ' . 
. . .• \ ....... -

•'.-



- '_. ~~-- . -· - ---- ~ ' , ' -

-
________ ... _""-':·_:::-A_s_c_r_r_F_rL_E...,s_._._EXAA __ ,_r_t_E_s ______ -=,-~_-. ______ o_:~~;r<~~ 

. ~V -·7 ,_- . 
::------ ~~- . ':"', ......... 

673682.68700000 
' 673670.68700000 

-673920.68700000 
673747.68700000 

"673130.68700000 
673295.68700000 
673377.68700000 
673372.68700000 
673152.68700000 
673155.68700000 
673862.68700000 

-· 
- •' ... ,. ..... 

RANDOM [)ATA · 
FILE EXAMF-LE 
The first line :: 
(header) is nota 
part of the fil~; · 

~-

' ' 

•. · 
---- ~ 

X Coordina-te ·Y Coordina te 

958000.0 
959900.0 
965700.0 
965700.0 
949000.0 

665000.0 .·. 

659000.0 
643300.0 

'639300.0 
657900.0 
660000.0 ~e 953500.0 

950300.0 
945300.0 

663600.0 
·657800.0 
654863.0 
675800.0 
668100.0 
650700.0 
645300.0 

·640700.0 
65i5oo~o 

~~.o .. 

o 
'·- 938521.0 

' 962300.0 
'954200.0 
964800.0 
955000.0 
961600.0 

' -" 955800.0 
~ ' .. 966400.0 

·_-.Y 967800.0 '~;~.0 
_ _;~~:~-- ., 96í'f00.0 

959000.0 
967000.0. 
958000.0 

662400.0 
'665000.0 

~· .... - -

·,. ·-,;.
,-,.-' .. 

'.· 

~ ;:-

.. -',. 

... 

-..... 

. . 

: 

96!i107.25000000 
966+l-l250000JO 
966294.25000COJ 
96540425000000 
96_5314.25000000 
965Ü77 25000000 
964637 25000000 
964Ú7.25000000 
96-137225000000 
963887.25000000 
963927 .250000J-J 

---~ 

Z Coordina lo 
8331000 
83.90000 
81.82000 
81..50000 
80.oóbqo 
79.00000 
78.ooboo 
80.00ooo 
7630ooo 
85.50000 
82.500ÓO 
8520000 
77.70000 
79.65000 
81.50000. 
87.05000 
8325000 

·, 89.40000 

75.00000 
85.QOOOO 
83.31000 . . 

' .. 

-:·_,;:-
:~--

~-.- ~-~.:~:-:;:-· ;; .. 

;.-

.. ~-.. 

Wcll ldcnL:_ · 

El_hio 
P-IS-! 
P-540 
P-5-13 
PO-I 
P0-2 
P0-3 
PO-l 
P0-5 
SRI\G-10 
SRRG~ll 

SRRG-15 
SRRG-18 
SRRG-21 
SRRG-2-l 
SRRG-28 
SRRG-3 
SRRG-4 
SRRG-10 
SRRG-5 
SRRG-7 

... 
. -.-

. ::.z_.E: 

--~~-. 

. ·. 
-.._:.._ 

•or'. . -.~. 

·--

~; ,_,,~ --.--· 
_.,-

-·· -: .... -

-~. · . 

... - ·-
~--.·~......__~ .-

-~:..·._-~ .. 

:_1j~' ~~-~ . ~--
~- ·-··- ~-

- - . - ... -~- ' 

- ··:· .. : ~ ~-
·.·~-

. _-;;·. -.. -- -- ... - . 
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ASCII FILES .. EXAMPLES .. D-6 

.,.."1.~ 

669000.0 
661100.0 

PUMPING TEST 
DATA FILE
RECOVERY ·· 

The first line mus! 
contain O for the time, 

O for the drawdown, 
and tbc pumping rate. 

The second line must · 
contain the total 

pumping phasc time, 
tbe total drawdown at 
the moment wben tbe · 

puinp was sbut off, 
andO for the pumpuig. 

.~ __ rate. Zeros for thc - -

959200.0 
966800.0 

84.35000 ,. 

89:15000 

:-_ 

SRRG-8 
SRRG-9 

- .... ' ···-' -:· '· 

.-: -

' : . . 

.. :_. 

- _:¡--

-. pumpiog rate oeed not . ·-··- _ . 
-----'--"""'oe typed"""ii"fter tbe. :-" - -:--

. second linc. 

.Time (min) 

0.00 
240.00 

·:2-n.oo 
242.00 . 
243.00 
245.00 
247.00 
250.00 
255.00 
260.00 
270.00 

- -280.00 

}~~-
co~- '3:W.tí0 . 

380.00 
4io.oo 

.., ... 

-.-:... -
. - - - -. 

Residual:::.. · · _.: Po.imping Rate · 
DrawdoW!Úm) · · ·· .: ·. (m3/day). . 

0.0000 ~ .. :: -.--~_~':.. 2500.0000 --
1,QOOO :·. - o.oooo· · · · 
0.8900 .--::. · . O:ooOO. 
0.8100 0.0000 . .• .. 
o.7600 --~-"" · o:ooo6' . · 
0.6800 . -- ·.. . 0.0000 .. 
0.6400 . •· . . 0.0000 ' . 
05600. ~:;. .:_. 0.0000·: . 
0.4900-- .. oo·:::~·co:: .... 0.0000·-··. 
b.45oo .. . o oooo· - • , 
03800 ... · . o.oooo: .. 

· Ó.3400 . _ :.:.·· o:oooo; .--
02800 ~ -·'·, . ó 0000 ... ,.:--~-

. o2400 o·.·oooo· .·· · : · -_·::.-.'--

021 00 -- ·::_=-- 0.0000 
0.1700 ~:". 0.0000 
o.1400 - o.oooo-

- -
~::+. ~- .. 

---:::~ _::- ~ --- -· ~--~ .. 
~--:-·~·..;· -· __ .... ·':· 

. ::.:: :· 
·• .-..... 

- -..... 

.. -:-· 

-.--: ... 
' .. r' ,>" 

..... 

. ' 

- - . ~ . 

~- ---------

;,. ..... 

. :·. 



.~ ·' 

- .,.._... -
- ••• "<--

.·.- -- ~-_,_.., ___ _ -·-~ 

D-7 

-- .. 

Maste'f;Dátá--lnput/Out¡}ut',FiÍe as produ~ by the Master Application's oPtion 
Write 10 -sfu. ASen Output. · 

. •. ·- - . . . . 
<Wc.D.Idcat:>_.<. ~-:. ~- <Dieicl>·<~-; <oftcr:). <X> <Y> <Z~_<iw:> <O.:d~> <T)pcoiE.;' .a..:> 
<~-.. ..;.,·>'<Dn'llliosb)"> ce-> <......,..lor-> . . 
B-1 • • • - ------ -::=:-;:-:::--~:;:: 1 )66,(1) 
920.(1) 1(1),(1) - 412J90_ a.il_ .. _ ...... _ ~-·-"'"""-- O..O_Dnllq:_ol_"-_t....._D.._ 

B-2 
m-:oo- 1<1l.<IJ. 

The imponani thlngs 10 reni~mber when .creating· such a file using a t.ext processor are the 
following:' · · _. ···. · ' .· · · -- · 

-.·· "-~:.. ·-.· '"':_. ·-.~ 

l. Th~---~-~es (oné or·more)·óf thc fi!C; the "headcr" lines, must contain ficld names 

2. 

3. 

4. 

5. 

Wi.thin square bracké!S. · · · · · 
. -

The:~u~~-of field names is -not·important, but Ít must be consistent with the data 
columíis thát follow. 

-: ~ 

Th¿~cÍd ~~ must.be ~ ~Y.-~ ~e aS th~ are entered in lO the file structure 
for :thaCparticular appÍicati~. This·means the spelling must be corrcct and upper and 
lower i:ase: IÚI.e must be honored.,-::. .. ~-- - . 

- .. -~ .. ~-- ~ . 
- -:~···---··-

The_~:llit'és'must contain an eqtÍál number of data columns as specified in the header 
line(s). . ·'-~~- éc: .. . :..:_ __ 

-~ ... -~ - .. · 
' : - .. - : . 

The -leiigth::~f;data ~~~ dc:pCnlis -on th_e type of data. For charactcr type the data 
coluiñri~slíciulliconsisi ofexactly the same number.ofcharacters as specified in the file 
struciiire:- ~;g~' if the field nam~ "Iilvestigation by" is specified as a field of 20 
c~tc:rS .. ~e data colii~ must ~~e exactly 20 cbaracters. Add the character underline 
U-10 fi!fth; field. In the example·above; the-field for "lnvestigation by:" is typed as 
Dames.:.:_&(_~oore - ; ·making-it 20 characters long. For numeric values the length 
of tl¡e~fieldj~ not imponant as long as there is at leaSt one blank field befare and after 
the -nurrienc: ~ue. If thC!C_ is ilo.Odita (value) for a pararneter yo u should type ene 
undéiJined~@j character instead tlie-value.. · · 

: ·--~·.·.· -_ ••• _"·:, <.- •, •r-.-. .. .. . -
6. -·. In field;~es·,: ~~eh asJ)¡vestigatión by:' if there is more than ene 

must be co~ected ~th one or moré underlined U characters. In other 

7. 

W,.inte~rpre:ts a,blank ~-as the end of~e previous field and beginning of 
---·~-,. .--- _ _._~- ',. ~ ,~ __ -:: " 

Th{~~~~~fcharacten··~t yo¡¡:;~y uSecin·definirig a field name is limited 10 20. For 
this ~n~ ~in the chemistiy. file which follows, the word Fluorotrichloromethane was 
redu~:~:::~~orotrichloromet. -~~¿ _ ·:·- - . 

; .-.. . , ' ' - ... '.:- , .. -

. ·- -' 

-:. 

, ... 

·-

..·,·· 
. _ .... : .. 
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Chemical Data Input/Output as produced by the Chemical Application's option 

Write to S1D ASen Output 

cwdz·..S> <O.OaD> <SaliW.:r> <~> <Maa~ry> <N"d:d> <ZiK> <~>.<Dayu.a> <~> <~> 
<Lc.d> <...._.> <l,l,l·T~> <1,1~-Trilkw 1 > <1,1-Dich' > <l.l·p, N 1 > <1.2-D' P 1 > 
<l.l-Dich' r me> <OUcniGI'Bl> <TolacDc> <2-~-l~lpr> <1..(1-Nrt op¡: cy> <l..(l-Wt:cbaQ-1--oy> 
<J' d)lbqlcuil.> <1' · 1JI:Iripl&..> < . ac:id> <N-.Wdlly-H-.~> <T«r' 1;' > <...._.> <I!IIIG > 
<'>) 'ene> <TtCIIIIb¡cbc:lwwo> <Wcdlyllc.: Olcrilo> <TrichL > <XJ._> <~> <Wdlo'~> <l·&:z.:..c>. 
<Cabal Dim!tidc> <4-Wcdo'I-2-Pa::a> <T - > <Ymyl ~> <Pkauwata" ' cu:::d> <~> <-~> 
<Nccbyk:.)'r', -> <l-~1-Paaac> <~> <2-~> c::n, ...... INA C7Hlc> <)r.kelryL ~> <l-a.&dbrt 
IU:::ual:.> <l-ldc:llbyiHc:z-.c> <lfy~C6lDl> <U~ma.c.> < > <Diltncl> <L.ace!iq> co..:r> <X> <Y> <Z> 
<ZW> en.o« > <1)'pomPq,r ·> < ......... .._ ~tr.> <~!Ir.>< > <~...,.-:> 
B-1 __ APR._1990_ _ 190XIUQ) lCDl.O'XJ 

920.00 .. 100.00 

·-

937.00 100.00 

liOO.IlXI 
J.l06.00 

~- ------ ~-~---- Da<J_Ilrilloor_d_-_1-._IL_ 

171100.CIIIJ. JIQJ,CXI) ZXIJ.OOO 

.. -
I:WO.OO 

.. 4J2190_ ·...,;¡ ___ ...,.._ ~-~---- Da<J_Drillooc_ .... ___ J.-._1!._ 

---,--.,---Dorrid-H.WiD_~ _.._ __ 
. __ -

· Litlfólogic~D~~ fuputlOutpÚt-as-produ~~by-~e-Chemicai-ApPÍication · s. 0:~-on-'-. --· .:; 
-Wri~~to S~ J\S_cn OÚtput: :_ ... - - · .· · • : _ . · · --. - - .. 

~su~ 

X: 661100.011 
Y:966100.00 
EU!V: 116.00 
ELI!Vlot:.. r7 .00 ~ . 

· CBLOCICDX: 0.30 
0,1 C'!('1CDY: 0..50 
CBI.OCQ( 0.40 
vsc,.u.i.: ·w.o 
HSCAU: .. . . 12J. 
UTH: -~~-

l<&.IOOQ.AY-

~::l::vh: 7, ~-~···. 
:U-200 cu. y. 
41.400 OllA VEL 

.. 
41.700 Cu. y ·e:. . 

HOLa -~ · .. :· . 

~~- ~:: :-_¿~?~1--- -
.. 41.700 .:·- 0.200 ~~~;t~f7 

CASINO: · . 
. 10.000 
l4.loo~· 

... JO.OOO 
ANNUI.Ull:. 

0.400· 
0.200 
0.100 

20.600 
40.CIIIJ 

10.000 ceMI!!lr 
41.700 CJWS 

·-
..... .. _, 

--·-



..... 

- -- -- -----. -· ·---~ 

. ·, ... -:.· .. · 
... - ... ,· 

In this file you may not cbange the labels _on the left. side en~ with the colon. You may 
change the alignment of numeric values, that is the mimber of blank spaces. The codes under 
entries LITH: and ANNULUS: must tX: consisterlt with..codes c0ntained in the .DLT files that 
you intend to use in the data base. 

- -- -- .. ·-, 

Pumping test ASCII file con~s only the.tirne/drawdb~pumping rate data: Other 
information about a test ycíu must input manually (ciiStance to the·obsérvation well, type of 
aquifer, partial penetration pararneters;·et.C.). One exan¡ple iS repiCxiuced bclow . 

),00 0.2900 220.0000 
. 

-·--
5.00 0.69'JO 220.0000 

: -~· 1.00 1.2990 220.0000 
u.oo 2.0990 220.0000 ., 
20.00 J.2010 220.0000 ' 
24.00 J.6010 220.0000 
JO.OO 4.1QX) 220.0000 ·-
J&.OO 4.7000 220.0000 :: - -
<7.00 5.1000 220.0000 
JO.OO 5.3000 220.0000 ., . -60.00 5.1010 220.0000 -· e - . 
70.00 6.1010 220.0000 .- .. . . 

"•" 

10.00 6.JOIO 220.0000 
90.00 6.7010 ZlO.OOOO -

100.00 7.0000 220.0000 . -
IJO.OO 7..5010 220.0000 '. 

160.00 1.2900 220.0000 . ; - - ··. •, 

200.00 1..5020 220.0000 
260.00 9.2000 220.0000 
J20.00 9.69'JO 220.0000 
JIO.OO 10.2010 220.0000 ·' ·-"·i 

JOO.OO 10.1990 220.0000 

~- ·:'~:..... -~ -~. 

Again; it is not impo~t to have the (ia~ lines ali~ed is iri the ~pie above. Data musÍ be 
separated by at least one space. ··. · ._ :, .. :_ 

Area ASCII File 

lCXIl.OO ICIX).OO 50 
1170.14 1000.00 51 
1170.14 191.2252 
114734 191.22 53 
1147..34 141..22 s.t 
11.1934 1!.41.22 55 
11.19 34 771.22 ~ 
1077.1!.4 771.22 57 
1077.1!.4 914.62" 
1000.00 914.62 .19 
1000.00 1000.00 JO , .. 

-- - -·. 

' 

. :. ;~ 

J - • - ... 

.. - ---

-- .--·: 
-• " 

'"'=' ~-. ' --·. .:...··. 
- ~ ;#).,";¡.-". :-:. -... • -, .. --

. 

-. -. 
... -· 

- ~-- ~ ,;:_. . . 

. - :...~--

- ·-'~. ·..: 
.. .... :,.: ·.-.-

... :. ::- :.·:--
'·· ··-
-~~_ .. _-4:_: 

.- .:.-- ' · .. 

.- -....· 
- ·!'_ • 

... -." . •-r... :: 

:::,_ __ ·_ 

. ~- . 
. · .. .. - - 4.., - . --· __ ... . ...-

This is a simple file which contains tWo columns: Z and~.Y coordinates. The Iast line's 
coordinates must coincide with the first line's coordinates: .. The'file.milst terminate with t•:You 
rnay have two or more areas within the same:ASCIT fil~,:.Each area:iS Separated frorri the next 
with a line containing the combination 1 ... : " - e e_- -•.•• 

.. -· .... 

. - . - ~ . .:. . .. _ .;: . -~~ _;;
-~-.::- '::·~-

.· 
·.:;' 

..... - -,-
." ..._.....,_ __ -

_.,- --- . -' 
". -¡ - ·.-· ' 

. '-~ ·-. -

:· .. -.. 

.. _ -~ ·-- -···- . 

-.. _';; ~·-
- .... _: ." 

_: .~· 
...-; :.---· .. 

__ .... 
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ASCII FILES- EXAMPLES 

Text ASCII File (for mapping application) 

"SOLVENT Bun.DING" 1020 970 
10 O 17 49 O "Palton" O O O LO O 

The format of this file is explained in Chapter 15, section 15.7 .6. 

D-10 

An ASen tcxt file with more than one-line of tcxt is reproduced bclow. it storcs the inforrnation 
on labeling lithologic cross sections on a map. There are 3 cross sections identified as North-
South, NW-SE, and West-East. -

~ 1110100 
10 o 1156 o ·PUaD· o o-o 1 o o· 
?IOJtTB"' 1210 JOC.O 
10 o 17 49 o .Pdm;. o o o 1 o o 
~96.59U , 
toDJ7560~·ooo 1 o o 
"BMT" -,:an m 
ID O 17 56 O 'Paloio" O O O (O O 
"SOITIH"" 1200 7.50 
IDDI756D.,......ooo 1 o o 
• SE" 1235 7dO 
IDO 17 560"PIUI" 000 100 

~ -~ ~ . -- - ----------- . :_-_:,_- __ --=----- ., :-,- ~::._-~-:-- -· 

---GncfFile. This is a-:porti.on of a grid rue:The-iiñpoitáíít thing:to rcmémber ~-the number _
of rows (NR) and colwiins (NC) in a grid model. The file must contain NRxNC values. 'Ibey 
may start from the lowcrmost row or from the uppo most row, since, when inPut into GWW the 
program wi11 ask first whether the ordcring is from Ymin to Ymax;· or the other way around. · . ,, 
Thenumber of decimal points is not important, neither is the alignment of data- columÍ!s, as long 
as thé data are separated by at least one space. . . . 

- - - . . 
.,. -

75.9089 7S.""2 n.7990 71.902'7 72.1Xl99 
71.6S41 n.lrn 71.3617 7l.ln4 71.2Al4 .-
7LJlS4 71Al02 71SZ7S 70..014 70.SIS9 
70.7lll- . 70.9S76 n.1161 71..5073 71.3017 
71.6741 70.973.5 73.1000 7S.67l2 '7l.ll9S 
7S.9416 76.<D29 76.0291 7S.Sill 7l.a766 
74.4473 73.73 .. 73.0179 723410 7l.'T109 
71.2997 70.9110 70.673C 70.4999 703136. 
70.3149 70.2lSO 71.5121 71.7099 ti'/.'1712 
ti'/.9463 ti1.'JOGI· - ti7.m2 ti'/.1301 ti1.7'i.SO 
75.1668 75.9112~ • ::~ 71AI63 71.6143 
71.729S 71.32U--C<e~~ n.Jitl 71.411W 
71.S1.18 ~::~:~~:: 70.6210 70.n16 
70·.9397 72.l4D6 72.oi70S 
71.1986 73.9S99~--~ 7414!12 . 'l<.7162 7HUI 
16.2!IT2 76A07S ~.s527 ~.3016 7S.r729 



APPENDIXE 

··. 
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Severa! ASCIT files with extension .dlt (stands for Define 
Lüthology) have spedal meaning in the GWW package. 
These files are: 

• SCREEN.DLT, 

• Ulli.DLT, and · 

• ANNULUS.DLT. 

The files with the default extension .dlt contain prepro
grarnriled symbols for various lithological units, for well 

..... screen, and for materials filling the annular space be
tween the drilled hole and casing. You ·can use these 
symbols without mod.iiication, or you can mal<:.e your 
own. 

Ea eh symbol is defined with symbol name, which is the 
first word in a .dlt file (e.g. CLAY, SILT; 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·wilt 
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 Screen 
22255255127000 

2 0.001.00 

1 0.00 2.00 

2 1.00 0.00 

11.001.00 

EMP1YEmpry 

1010 255255191 o 00 

2 0.00 0.00 

· Inthisfile there are only two symbol.s; one for screeh de
fined as SCREEN, ~e other for blank casing defined as 
EMPTY. You must not change this file's coded names. 
Yo u may change the way in which a symbol is design~d . 

' •:. 



E-2 LIT1-IOLOGICAL SYMBOLS · 

The file ANNULUS.DLT is also fully reproduced below. 

CEMENT CONDUCfOR\PIPE 
4.6 3.9 255. 191191 U7 O 127 
2 03 o ' 
150 
2 00.5 
1 5 0.5 
201.1 
14.91.1 
201.8 
1 4.9 1.8 
202.4 
14.9 2.4 
203.1 
15 3.1 

o 2 o 3.7 
153.7 
• 
CLAYHCLAYhard 
31127255 6319163 63 
200.5 

~-

. _e ~- --·· ~-- --~ ~ ~~~- _ cc"''3;~=-··:·:C;.::_ .. -~ ~-~~-~.5~-'--'--'--~. , .. , ___ --· ~ ::__:·~:_-=---~--=·:.:::·-=--.. -~-'-: _.:...--:..::~:._"-'· ~;.:~_'-::-::::_· ;:.~-....;--:.::-~;.:_-·::_-:::c-~e:·-~-::_c~:::::c·"-"·o.0 

- • --~ -- __:_~::__-____,~ .,::.:.:.....:___~--:ce. o 23 o:::.__---=----=-;:..:.---,---:--:-~'-~~;::.;:~:..=:_ o:.._ .:.._:.:.~ _-'-----=--:: 
13 0.5 

. ~-!'"· 

... 

• 
GWS GRAVEL pack\gravel &sand 
45 63 255 25563 O U7 
204 ...... . 

015 
124 
013 
104 
221 
032 
141 

. 030. 
121 
212 

·11.12 
233 
13.13 
2 0.51 
10.61 
2 2 2.5 



., .. ,,_ 

·' 

E-3 

1 2.1 2.5 
23-:l 
1 3.14 
20.50.5 
1 0.6 05 

SANDSAND 
2 2191255 255 00127 
200 
1 0.3 o 
1 0.3 0.3 
100 
2 1 1 
1 1.3 1 
1 1.3 1.3 
1 1 1 
2 1.3 0.5 
1 1.4 0.5 . 

11.3 0.6 
2 0.3 1.1 
1 0.4 1.1 
1 0.3 1.3 

. 2 0.71.5 

1 0.9 1.5 
1 0.9 1.7 
10.71.7 
2 0.8 0.2 
1 0.7 0.4 

1 0.8 0.-l 
1 0.8 0.3 
2 1.71 
1 1.6 12 
1 1.7 12 
1 1.81 
2 1.6 1.5 
1 1.5 1.6 
1 1.7-1.7 
11.71.5 
2 0.4 0.6 
1 0.4 0.8 

. 1 0.6 0.7 
2 0.1 1.6 
1 0.1 1.7 
1021.7 
2 1.6 0.1 

LITHOLOGICAL SYMBOLS 

.. : 

. -·· 
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1 1.6 0.3 
-11.70.3 
• 

LITHOLOGICAL SYMBOLS -

This file contains severalsymbols that may be used to fill 
-the annular space between the walis of the drilied hale 
and casing. You may add more symbols, rename codes 

·and type another description. 

Only a portian of the file LITH.DLT is reproduced below. 
This file contains codes ánd description fór lithological 
units that may appear on a welllog. 

CLAYCLAY 
3 1.5 255 255 191255 o o 
2 0.00 0.75 
o 0.75 1.50 
1 1.50 0.75 
o 2.25 0.00 

- 1 3.00 0.75 -
• 
SILT SILT 
2225525519125500 

____ __:__:____:_--:-::--'-----:-:-:-::-:-~~ ~-~- -=--=-:~ :::-:==-'~~~-==~======:::::= 

• •• •• ,.. ' !~· 

. -
CWIOS CLAY with interbeds of sand 

. 34255255191127063 -
202.9 
o 0.83.6. 
1 1.5 2.9 
o 2.3 2.1 
13 2.9 
2 o 1.4 
o 0.8 2.1 
1 1.5 1.4 
o 2.3 0.6 
131.4 

. 2 0.2 o 
1 0.4 0.2 
2 1.2 o . 
1 1.4 0.2 
2 2.2 o 
1 2.4 0.2 
• 

....s:, • 

.. ' -
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DOLO DOLO!\!ITE 
3 4 191 255 127 o o 63 
201 
1 31 
203 
133 
2 0.3 3 
niz 
232 
1 2.71 
2123 
l 15 4 
2 1.5 o 
1 1.8 1 
• 
GRAVELGRAVEL 
4 5 127 255 255 o o 127 
204 
015 
124 
013 
1 o 4. 
221 
032 
1 4 1 
03 o 
1 2 1 
212 
11.12 
233 
1 3.1 3 
2 051 
1 0.6 1 

- 2 2 2.5 
1 2.1 2.5 
234 
13.14 
2 0.5 05 
1 0.605· 
• 

. GWS GRAVEL With sand 
S 191255 255 O O 127 
204 
o 1·s 
124 

LITHOLOGICAL SYMBOLS 

...... 
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• 
LIME Ulv!ESTONE 
3 4 255 255 191 o o o 
2 o 1 
1 3 1 
203 
1 3 3 
2 o 1 
103 
2 is o 
l 1.5 1 
2 1.5 3 
1 1.5 4 
• 
ROCKI Rockl. 
2 2 255 255 255 o o o 
2 o 1 
1 2 1 
• 

. · ROCK2 Rock2 

1 1 255 255 255 o o o_ 
, ---_ ~---_~_:--z o o.s --_--_- -- ~ --·-- -

- -.110.5 

--~----~~~------· ---- -----~ . -- - -ROCK3 Rück3-- - - - . 
· ....... 

.. 

0.5 0.5 255 255 255 o o o 
200.3 . 
10.5-03 
• 
ROCK4 Rock4 
2 2 255 ;1.55 255 o o o 
2051 
11.5 1 
21 1.5 
110.5 
• 
ROCKSRockS 
11255255255000. 
2 0.3 0.5 
1 0.8 0.5 -
2 0.5 0.3 
1'0.5 0.8 
• 
ROCK6Rock6 

.•. -

LITHOLOGICAL SYMBOLS 

-· --·- -- - - ---
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- ~ ...... 
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3 3 255 255 255 o o o 
2 1 1.5 
1 2 1.5 
2 1.5 1 
1 1.5 2 

ROCK7 Rock7 
22255255255000 
2 0.5 1.5 
1 1 1 
2 1 1 
1 1.5 1.5 

ROCKSRock8 
33255255255000 
200 
133 

ROCK9Rock9 
22255255255000 
200 
122 
• 
SAJ'ffi SAND 
2219125525500'127 
200 
103 o 
1 0.3 03 
100 
2 11 
11.31 
11313 
111 
• .. · ~ 

LITHOLOGICAL SYMBOLS 

/ 

The rneaning and creation of syrnbols will be explainéd · ·. 
using simple exarnples from the file LITH.DLT. Take for 

. exarnple the syrnbol for SILT. The block for silt is copied 
here below. ··· · · 

SILTSILT . 
_2 2 255 255 191 255 o o 
200 

·-.. 



. -· -

-~· !"··· 

- ·'···· 

E-8 LITHOLOGICAL SYMBOLS 

l 1 l 
• 

The first line contains the code for silt "SILT", and the 
default description that will be typed in well log 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, 
Spaii.i"sh, in which case the word would be probably . 
LIMO or POLVO.) The code may have up to 10 charac
ters. The description rnay be any combination of up to 
100 characters. You may break .the description with a 
backslash·character, \. This is the instruction to the pro
grarn to start with the next line after the backslash char
acter is encounter"ed. 

The second line contains fwo nurnbers which define the 
size of a block, followed by six nurnbers \hat define the 
color of the background field and of the syrnbol itseif. 
The philosophy of creat:iitg syrnbols is related to_the s_i?e,. 

·_ --· _ of blo~ks. One blo-cl< is repeatea in both hÓriz;::o~n:_;t::;:al~a:::n:.:;dT----:----
--::-_ --- v_ertical-direction·in-th~--:-log. One may think of small . 

building blocks, such as bricks ·s>f _exactly the sarne size · 
and shape, which are laid on top a,nd side one from the 

_ other to fill the whole space. The-nurnbers 2 2 imply a 
square, so·that any symbol defined in such a square shall 
be symmetrically repeated horizontally and vertically. 
We vvill deinonstrate this concept later. · 

The six nurnbers defining the color are, in the following 
order, Red, Green, Blue (RGB) for th_e backgroUU,c,l, á~d 
Red, Green, Blue (RGB) for the symbol. Rernember that 
the nurnber O is black, and the nurnber 255 white. The 
combination 255,0,0 is red; the· combination 0,255,0 is 
green;the combination0,0,255 is blue. 

·_The combination "255,255~191-i:s interpreted as light yel- . 
low background, while the combination 255,0,0 is red 
symbol for sil t. 

The block for si!t, as.well as any other syrnbol, termina tes 
with *. Between the second line and the asterisk sign, 



" 
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there rnay be one or many lines, The first number in ea eh 
sué:h Une can be 2, 1 oro_ The number 2 defines the start
ing point, nurnber 1 means "connect this point with the 
previous", number O means ·"rnake an are through this 
point without actually passing through it"_ In the third 
Une of the SILT block, the remairúng two numbers (0,0) 
define X and Y coardinates of the starting point within 
the block defined by 2 by 2, The nurnber 1 on the next 
Une is interpreted as "connect the starting point with this 
point", and the coordinates of this second point are 1.0 
and LO. When this is interpreted, the diagonal-Une 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 syrn
bol is repeatedly used, the final appearance of this 
syrnbol is as is usually used for SIL T. If you want to crea te 
a syrnbol for horizontal Unes widely spaced,..s.uch as the 
default syrnbol ROCKl, the design would be as follows: 

ROCK1 Rock1 (you may type something else) 
2 2 255 255 255 O O O (white backgrolll)d, black line) 
201 . 

12.1 
• 

This is equivalent to saying "draw a straight Une from 
. ~tarting point with X, Y coordina tes (0,1) to ending coor-

_,. ·· dinates (2,1)", which is along the rniddle of the blQ(;k of 
size 2,2. If yo u w'lnt denser horizontal Unes, the block to 
define should be smaller, and so will be the spacing be
tween repeating blocks. For exarnple, 

ROCK2 Rock2 · 
11255 255 255 o o o 
200.5 
1 1 0.5 ,• 
• 

Very narrowly spaced horizontal Unes can be _c>btained 
by assigning even srnaller size to the block, say 0.5 by OS . 
Thus the design for ROCK3 rnay be as follows: 

ROCK.3 Rock3 
05 0.5 255 255 255 o o o 

...... -· 
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2 0025 
1 0.5 025 
• 

This is interpreted as "connect the poi.rú with eoorciinates 
0,0.25 with point coordina tes 0.5,0.25". · 

In adctition 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 
you want to crea te a sinusoidalline with amplitude 1.5 

· and period 3.0. The-bloek 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 

.. fwo 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 sinusoidal line, which may be used to de-

- -- . -~~·~ 

saibe c!ay, maylook as follows: ---~- --- -------- -__ :: =- :_-::-:::: .. -_::-=-~- -~=_;-; _____ -~ -----------:-· - - -----
- CLAYC!ay> .. 

--=-=--"'::. ~_;_-':.-=-- --~ :--.:-_ - - ·-

-· _ c::.cc __ .e::-_:·::..::::=:. -'~i:~_;;s-~s-~50~~-- . __ =-:":'~ 
. - ---~-=----~---~-=-==-----=---- =-=-=--=--- -~ -----=-- :· --

, .. 

o 0.75 1.5 
_.:__: ____ e-____ -1-1.50.75-:---

02.25 o 
130.75-.. 
By.reducing the height of the block from 1.5 to 1.0 the 

· wav.es will become mote "ironed" and lines closer. For 
example, orie may design the following block for schist 
or shale: · 

SCHIST Paleozoic Schist 
3 1.0 255 255 255 o o o , ... 
200.5 

. : o 0.75.1· 
1 1.5 0.5 
02250 
11.5 .5 
• 

. ~-: -

;: 

--
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You may connect severa! points to crea te a drcle, or any 
rounded or semirounded object. Let us create a design 
for semirounded fine grave!. Define this block as 3 by 2. 

SRGRAV Somi-rounded grave! 
32 
2 0.7 0.4 
1 0.7 1.5 
o 1.4 1.9 
1 1.9 1.4 
021 
1 1.6 0.5 
o 1.15 02 
1 0.7 0.4 
• 

As an exerdse, double the size of this block and create 
grave! grains in checkered -positjpn,_i.e. second line 

. shifted to middle between two grains in lines above and 
below. · · 

Now we will crea te a symbol for "Clay alternating with 
fine sand". Define block as 3 by 2.5, and use the upper 1.5 
units for c!ay (actually, duplicate the design of CLAY), 
and lowei: one unit for sand. Start with "Clay 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 thiol!gh the points (0.75,2.50) a!ld 
(2.25,1.00). Thus, tfle upper part of the block wouldbe as 
follows: ·· 

3 2.5 255 255 255 255 O O (red.line on white background) 
2 o 1.75 
00.752.5 
1 1.5 1.75 
o 2.251 
13 1.75 

_ The "sand" portian of the design will be in the lowerl.O 
. unit; i.e. within the block defined by coordina tes 0,0; 0,1; ~ 
· 3,1;3,0. The "sahd" grains are created by connecting 
points through small.distance. For example, 

200 

- ... ,. 
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1 0.1 o 
2050 
1 0.6 o 
2 1 o 
1L!O 
etc 

····· 
LITHOLOGICAL SYMBOLS 

-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.) 

ABOCYVFS Alternating\bands of da y\ with fine sand 

3 2.5 255 255 255 O O O (Line #1, followed by:) .. .,._ -

2 0.00 1.75 2 2.50 0.00 2 0.00 0.80 
o 0.75 2.50 1 2.60 0.00 ·1 0.10 0.80 
1 1.50 1.75 2 020 0.40 2 0.50 0.80 
o 225 1.00 -1 0.30 0.40 1 0.60 0.80 
1 -.3.00 1.75 2 0.70 0.40 2 1.00 0.80 
2 _o~oo::·o, __ oo_!___0,8o __ o.40_1 ____ uo .. o.8o:--~------~-

;--=~---:....-:-.-=---=-----=------:___---=-:----:-- --- 1 0.10 0.00 2-- 120_0.40.2 __ -·¡so--0.80-~_--·- -----:-.--- ~.--._:--~-~ 

---.-:. ------_-__ - ~~ -~----- ---2 ·ó.so"'o.oo_1 __ .130 o:4o 1 1.60 o.8o- _e~~-- _-

- _- ·1:_ o:60-,o.oo· 2 _- 1.70. o.40 2 _ 2.00- o.8o 
-- -- - . - '2 - 1.00-0.00 1 1.80 0.40 1 2.10 0.80 

. ,, ,.,._., 

1 LIO 0.00 2' 220 0.40 2 2.50 0.80 
2 1.50 O.OQ ... 1 230 0.40 1 2.60 0.80 

-·1 1.60 0.00 2 2.70 0.40 • 
2- 2.00 o.oo 1 2.so 0.40 ...... 
l 2.10 0.00 

Of course, you may crea te symbols in an easier way, lis--- -
ing the On-Screen ecliting option in the Well Log and 

.. Lithology application.- But for that you will need sorne 
·· practice. 

The irnportant thing to rememper is that the program -
. will stop you from attempting tó.type a non-existing 
·-·symbol. In the Well Log and Lithology application you 

first tell the program which file withlithological symbols 
yo u are going 19. use, then yo u type depths and codes . 

. _·, 

-----
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ESTABILIDAD DE TALUDES 

l.- Introducción. 
• , 

Se conocen con el nombre genérico de taludes, cualesquiera superficies inclinadas respecto a la horiwntal 
que hayan de adoptar pennanentemente las masas de tierra. Cuando el talud se produce en fonna natural, sin 
intervención humana, se denomina ladera natural o simplemente ladera. 

Cuando los taludes son hechos por el hombre se denominan cortes o taludes anificiales, según sea la 
génesis de su formación; en el corte, se realiza una excavación en una fom1ación térrea natural, en tanto que los 
taludes artificiales son los lados inclinados de los terraplenes. 

También se producen taludes en los bordes de una excavación que se realice a panir del nivel del terreno 
natural, a los cuales se les suele denominar taludes de la excavación. 

En primer lugar será preciso analizar la necesidad de definir criterios de estabilidad de taludes, 
enrcmJiém.lose por tales algo tan simple como el poder decir en un instante dado cuál será la inclinación apropiada 
en un corte o terraplén; casi siempre será la más apropiada la más escarpada que se sostenga el tiempo necesario 
sin caerse. Aquí radica la esencia del problema y la razón de su. estudio .. A diferentes inclinaciones del talud 
corresponden diferentes masas de material térreo por mover y, por lo tanto, diferentes costos. · 

De ésta manera, los taludes son estructuras que en general se deben proyectar y construir con una 
motivación económica. 

2.- Taludes Artificiales. 

Dentro de los taludes artificiales también existen diferencias esenciales entre los eones y los terraplenes. 
Estos últimos constituyen una estructura que se construye con un material relativamente controlado o que, por lo 
menos en un principio se puede controlar; en los cortes, no existe ésa posibilidad. Es obvio que tales condiciones 
de fom1ación han de imponer variantes en la naturaleza de los materiales con que se haya de trabajar, en su 

·homogeneidad y en su disposición, que han de reflejarse fundamentalmente en la estructura final a que se llegue 
y en todos los aspectos de su comportamiento. 

Otro aspecto que genera confusión dentro de la concepción del problema de "estabilidad de taludes" es, 
el que emana de la extraordinaria complejidad y multiplicidad de lo que ha dado en llamarse "falla del talud". Desde 
luego no existe un consenso universal en lo que debe entenderse como tal; la gran mayoría de las fallas de taludes 
se definen en témünos de derrumbes o colapsos de toda índole, que no dejan duda en pensar que ha ocurndo algo 
que pone en serio entredicho la función estructural. 1 

La naturaleza y homogeneidad de los materiales constitutivos son básicos para plantear y definir el 
problema de la estabilidad de un talud en cualquiera de sus múltiples aspectos. 
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3.- Tipos de Fallas más comunes en los Taludes. 

Se presentan a continuación las fallas más comunes de los taludes. En primer lugar se distiguen las que 
afectan principalmente a las laderas naturales de las que ocurren sobre todo en los taludes artificiales. 

Los factores de que dependen la estabilidad de las masas de tierra se pueden agrupar como se muestra en 
la siguiente tabla: 

Factores de que depende la estabilidad de los taludes. 

a) Factores geomorfológicos. 

a. 1) Topografla de los alrededores y geometría del talud. 

a.2) Distribución de las dicontinuidades y estratificaciones. 

b) Factores internos. 

b.l) Propiedades mecánicas de los suelos constituyentes. 

b.2) Estados de esfuerzos actuantes. 

e) Factores climáticos y concretamente, el agua superficial y subterránea. 

4.- Fallas Ugadas a la Estabilidad de Laderas Naturales. 

Debido a que éstas fallas no están contempladas de manera directa en la estabilidad de taludes artificiales, 
que es el tema que nos ocupa. únicamente se proporcionará una breve descripción de ellas. · · 

4.1.- Deslizamiento superficial asociado a falta de resistencia por baja presión de confinamiento (creep). 

Se refiere a ésta falla al proceso más o menos continuo y por lo general lento, de deslizamiento ladera abajo 
que se presenta en la zona superficial de algunas laderas naturales. 

El creep suele afectar a grandes áreas y el movimiento superficial se produce sin una transición brusca entre 
la parte superficial móvil y las masas irunóviles más profundas. No se puede hablar de una superficie de 
deslizamiento. El creep suele deberse a una combinación de las acciones de las fuerzas de gravedad y de otros varios 
agentes. La velocidad de movimiento ladera abajo de un creep típico puede ser muy baja y rara vez excede de 
algunos centlmetros por aa1o. 

Si¡noo dr1 d~liamknl<l IU¡>CTilcbL. 

~oelocodad 

demamnnlu 
.. Leladltl 

.~: 

.... _,:::, 
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4.2.- Fallas asociadas a procesos de deformación acumulativa, gcncrahncntc relacionadas con pcrnlcs 
geológicos desfavorables. 

Se refiere éste titulo al tipo de fallas que se producen en las laderas naturales como consecuencia de 
procesos de deformación acumulativa, por la tendencia de grandes masas a moverse ladera abajo. Este tipo de fallas 
quizá es tfpico de laderas naturales en depósitos de talud o en otras fom~aciones análogas en cuanto a genesis 
geológica, fom1adas por materiales bastante homogeneos, no consolidados y bajo la acción casi exclusiva de las 
fuerzas gravitaci011ales. Muchas veces aparecen en el contacto de estos depósitos con otros subyacentes, más finnes. 

En tales condiciones, ha de pensarse que la ladera se fom16 con una inclinación que no puede exceder 
mucho la del equilibrio crítico y por ello es lógico pensar que en el interior de la masa existan fuertes tendencias 
al deslizamiento, que se traducirán en defommciones importantes de los suelos afectados. ' 

Dado el largo tiempo en que tales esfuerzos gravitacioo~ales actúan en los materiales del interior de la 
ladera, la resistencia al esfuerzo cortante podrá degradarse por procesos de defonnación acumulativa y en ciertas 
zonas dentro de la ladera se desarrollan estados de creep profundo. 

A T1JUinl 

Superflde de falla formJdJ. en una bder¡¡ natural. 

4.3.- Flujos. 

Se refiere este tipo de falla a movimientos más o menos rápidos de uoJa parte de la ladera natural, de tal 
manera que el movimiento en sf y la distribución aparente de velocidades y desplazamientos recuerda el 
comportamiento de un lfquido viscoso. La superficie de desplazamiento no es discernible o se desarrollo durante 
un lapso relativamente breve; es también frecuente que la zona de contacto entre la parte móvil y las masas fijas 
de la ladera sea una zoo1a de flujo plástico. 



5.- Fallas Relacionadas a la Estabilidad de Taludes Artificiales. 

5.1.- Falla Rotacional. 

Se describen ahora los movimientos rápidos o 
prácticamellle instantáneos que ocurren en los taludes 
y que afectan a masas profundas de los mismos, con 
deslizamiento a lo largo de una superficie de falla 
curva que se desarrolla en el interior del cuerpo del 
talud, interesando o no al lerreno de cimentación. 

Se considera que la superficie de falla se 
fom1a cuando en la zona de su futuro desarrollo accúan 
esfuerzos cortantes que sobrepasan la resistencia del 
material. La resistencia que se debe considerar en cada 
caso particular es una cuestión muy importame. La 
resistencia que se supone superada al producirse una 
falla rotacional es geiteralmente la resiste11cia 1náxima. 
As! pues, en el interior del talud exis1e un estado de 
esfuerzos cortantes que vence .en fonna mas o menos 
rápida la resislencia al esfuerzo cortante del suelo; a 
consecuencia de ello sobreviene la ruptura del mismo, 
con la fom•ación de una superficie de deslizamiento, a 
lo largo de la cual se produce la falla. 

Las fallas del tipo rotacional pueden 
producirse a lo largo de superficies de falla 
identificables con suerficies cilíndrica o concoidales 
cuya traza con el plano del papel sea una arco de 
circunferencia (por lo menos, con razonable 
aproximación, la cual, como se verá resulta muy 
conveniente en el momento en que se desee establecer 
un modelo matemático de la falla, que pennita un 
cálculo numérico) o pueden adoptar formas muy 
diferentes, en las que por lo general influyen la 
secuencia, geológica local, el perfil escratigráfico y la 
naturaleza de los materiales. 

Desde luego las t:lllas rotacionales de fonna 
circular ocurren por lo común en materiales arcillosos 
homogéneos o en suelos cuyo comportamiento 
mecánico esté regido básicamente por su fracción 
arcillosa. En general afectan a zonas relativamente 
prot'úñdas del talud, siendo ésta profundidad mayor, 
cuamo más escarpado sea aquel. Cuando las laderas 
son muy lendidas, las superficies de falla pueden 

... : . 

- . """' 

bJ raua por d pie del lalud. 

.... 
1 ' 1 ,. 

' 
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desarrollarse con poca profundidad. Las fallas rotacionales circulares pueden ser de cuerpo de talud o de baoe; las 
primeras se desarrollan sin imeresar alcerreno de cimenlación, en tanco que las segundas se desarrollan parcialmence 
en él. 

,• 
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Al ocurrir las fallas circulares pueden afectar a masas muy anchas, en comparación con las dimensiones 
generales de la falla, t!n cuyo caso dan lugar a verdaderas superficies cilíndricas. o pueden ocurrir en fonna 
concoidal, con un ancho pequeño comparado con su longitud. 

Las fallas rotacionales de fom1a distinta a la circular t!pica parecen estar asociadas sobre todo a arcillas 
sobreconsolidadas que se presenten en taludes no homogéneos, por diferencias en la meteorización, por influencia 
de la estratificación o por otras causas que se reflejen en discontinuidades o en desorden estructural del talud. 

5.2.- Falla Translacimbl. 
• , 

Estas fallas por lo general consisten en movimientos translacionales improtantes del cuerpo del talud sonre 
superficies de falla básicamente planas, asociadas a la presencia de estratos poco resistenntes localizados a poca 
profundidad bajo el talud. , 

La superficie de falla se desarrolla en fonna paralela al estrato débil y se remata en sus extremos por dos 
cantiles. fonnados por lo general por agrietamientos. 

Los estratos débiles que fomentan éstas fallas son por lo común de arcillas blandas o de arenas finas o limos 
no plásticos sueltos. Con mucha frecuencia. la debilidad del estrato está ligada a elevadas presiones de poro en el 
agua contenida en las arcillas o a fenómenos de elevación de presión de agua en estratos de arena (aculferos). En 
este sentido. las fallas pueden estar ligadas al calendario de las temporadas de lluvias en la región. 

Las fallas del material en bloque muchas veces están asociadas a discontinuidades y fracturas de los 
materiales que fonuan un corte o una ladera natural. siempre en afladidura al efecto del estrato débil subyacente. 

.'·. 

:~.;. .... -.·.
·;_· __ ._,~-;....,..., ... 

F-n......-., 

•J r.a w. ...... 

·-'· 

, 
Las fallas de una franja superficial son t!picas de laderas naturales fonuadas por materiales arcillosos 

producto de la meteorización de fonuaciones originales. Se suelen provocar por el efecto de la sobrecarga impuesta 
por un terraplén construido sobre la ladera. En estas fallas el movimiento ocurre casi sin dislOrsión. 
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5.3.- Fallas con Superficie Compuesta y Fallas Múltiples. 

Existen tipos de fallas que abarcan movimientos en que se combinan la translación y la rotación, dando 
origen a superficies de falla compuestas en que se desarrollan zonas planas a la vez que tramos curvos, asimilables 
a arcos circulares. 

Así mismo se distinguen fallas que se producen con varias superficies de deslizamiento, sean simultáneas 
o en rápida sucesión. 

5.4.- Derrumbes y Caídos. 

Estas fallas son típicas tanto de las laderas naturales como de los eones practicados en ellas. Por lo general 
consisten en desprendimientos locales de no muy grande volumen. En estas fallas no puede hablarse de una 
superficie de deslizamiento y el desprendimiento suele estar predetenninado por las discontinuidades y fisuras 
preexistentes. 

5.5.- Otros tipos de fallas, no directamente asociadas a la resistencia al esfuerzo cortante de los suelos. 

Existen fallas por erosión. fallas por tubificación y fallas por agrietamiento. En el aspecto de attálisis·que 
involucra a los taludes confonnados por rellenos sanitarios, es muy importante profundizar un poco en las fallas 
por tubificación. 

La situación tfpica que expone un terraplén a la tubificación en que por algún motivo aquél embalse agua 
durante un lapso considerable, suficiente para que se establezca un flujo a su través. Que el terraplén embalse es, 
sin duda, una. condición que se presenta con relativa frecuencia, pero seguramente es bastanta más raro que el 
terfaplén- quede -dUrante mucho tiempo expuesto a la acción de agua en sus dos taludes, con tirante diferente y 
desnivel importante, de manera que pueda establecerse un flujo con gradiente hidrúlico suficientemente alto para 
generar problemas de tubificación. 

La tubificación comienza cuando hay arrastre de panfculas de suelo en el interior de la masa por efecto 
de las fuerzas erosivas generadas por el flujo de agua. Una vez que las partículas empiecen a ser removidas van 
quedando en el suelo pequeiios canales, por los que el agua circula a mayor velocidad, con mayor poder de arrastre, 
de manera que el fenómeno de tubificación tiende a crecer continuamente una vez que comienza, awnentando 
siempre el diámetro de los canales que se van fom1ando en d interior del terraplén. 

El límite del fenómeno es el colapso del bordo, al quedar éste surcado por huecos de diámetro suficiente 
para afectar la estabilidad por disminución de sección resistente. 

Un factor que influye mucho a la tubificación es la insuficiencia de compactación en el terraplén, cuando 
ésta afecta a suelos susceptibles. Esta insuficiencia es común, sobre todo en la vecindad de muros o superficies 
rígidas, tales como duetos o alcantarillas. 

Teniendo en cuenta que las alcantarillas son lugares en donde es común que exista tirante de agua y en 
torno a los cuales es difícil compactar los suelos, se puede afinüar que st: trata de puntos críticos en cuanto a 
tubificación se refiere. Alrededor de ellas se deberá vigilar muy especialmente la susct:ptibilidad de los materiales 
que se empleen. 

i. 
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6.- Métodos de Cálculo de &labilidad de Taludes:· 

Se tratará ahora de presentar un método de cálculo para establecer si un talud en que se piensa será estable 
en la etapa de proyecto, o para poder revisar la condición de un talud construfdo y poder juzgar, quizá, de la bondad 
de algún modelo correctivo que se desee emplear. 

Antes de proseguir ha de insistirse en que, todos los modelos matennáticos que sirven de base a métodos 
de cálculo presuponen una homogeneidad en materiales, estratificación, disposición, circunstancias y modo de actuar 
de los agentes naturales que muy pocas veces se presentan en las obras reales. 

6.1.- Falla Rotacional. Método Sueco. 

Los métodos de análisis límite disponibles para calcular la posibilidad de que se desarrolle un deslizamiento 
de tipo rotacional en el cuerpo de un talud, al igual que prácticamente todos los métodos de cálculo de estabilidad 
de taludes, siguen tres pasos fundamentales: 

1.- Se establece una hipótesis sobre el mecanismo de la falla que se producirá. Ello incluye tamo la fom1a de 
la superficie de la falla como una descripción cinemática completa de los movimiemos que se producirán 
sobre ella y un análisis detallado de las fuerzas motoras. 

2.~ Se adopta una ley de resistencia para el suelo. Con base en tal ley se podrán analizar las fuerzas 
rcsistcmcs dispnnihlcs. 

3.- Se establece algún procedimiento matemático de "confrontación~, para definir si el mecanismo de
falla propuesw podrá ocurrir o no bajo la acción de las fuerzas· motoras, venciendo el efec10 de 
las fuerzas resistentes. 

La razón para que se utilice un método como el anterior es que no se ha desarrollado ninguno satisfaccorio 
con base a una hipótesis convinceme de distribución de esfuerzos en el interior de la masa del talud. 

En la siguiente sección se describirá el procedimiento matemático en cuestión, que es el método sueco 
aplicado a taludes cuya ley de resistencia se exprese en ténninos de la cohesión y el ángulo de fricción interna del 
suelo, as! como la presión de poro. 

El método de cálculo que se describirá es el método de las dovelas, sugerido por Fellenius y ampliamente 
empleado en análisis prácticos en el caso estático. 

La descripción se hará con hase en la figura siguiellle. 

S 

(al ·(e) 
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En primer lugar se propone un circulo de deslizamiemo y la masa deslizame se divide en dovelas como 
las que se muestran en la figura. En la parte (b) de la misma figura aparece el conjunto de fuerzas que actúan en 
una dovela, cuando la masa deslizante está situada sobre el nivel freático y no se toman en cuenta fuerzas de agua 
en el análisis. Las fuerzas en cada dovela, al igual que en todo el conjumo de la masa deslizame, deben estar en 
equilibrio. Sin embargo, las fuerzas E y S, actuames en los lados de las dovelas, dependen de las caracterfsticas 
esfuerzo-deformación del material y no se pueden evaluar rigurosameme; para poder manejarlas es preciso hacer 
una hipótesis razonable sobre su valor. 

La hipótesis más simple a éste respecto es que el efecto conjumo de las cuatro fuerzas laterales es nulo y 
que, por lo tanto, esas fuerzas no ejercen ningún papel en el análisis; de hecho ésta fué la hipótesis de Fellenius en 
el procedimiemo de cálculo original que presemó, que equivale a considerar que cada dovela actúa independiente 
de las demás y que las componemes N; y T; equilibran al peso W; de la dovela i-ésima (ver figura~. 

Para cada dovela se puede calcular el cocieme 

el cual se. considera una buena áproximación al valor de <r;, que es el esfuerzo total medio actuame en la base de 
la dovela. Con éste valor de <r; puede emrarse a la ley de resistencia, al esfuerzo cortante que se haya encontrado 
para el material (por lo general en éste caso, una ley ligada a los esfuerzos totales) y detenninar en ella el valor de 
S¡, resistencia al esfuerzo cortante media disponible en el arco L¡. · 

Ahora se puede calcular un momento motor en tomo al punto O, centro del circulo elegido para el análisis, 
correspondiente al peso de las dovelas; éste momento será: 

Nótese que la componeÍJte nom>al del peso de la dovela N;, no da momento respecto a O por ser la 
superficie circular y pasar por O su lfnea de acción. Si hubieren sobrecargas en la corona del talud, su efecto se 
incluirla en la sima de la ecuación. Nótese también que la suma en la ecuación anterior, es algebráica, pues para 
las dovelas situadas más allá de la vertical que pasa por O, la componente del peso actúa en fonna contraria, 
tendiendo a equilibrar la masa. 

El momento resistente depende de la resistencia al esfuerzo cortante S; que se desarrolla en la base de las 
dovelas. As! pues que 

es una suma ariunética, pues la resistencia siempre actúa en el mismo sentido. 

Calculados M"' y M, se podrá definir un factor de seguridad: 

' 

.¡, 
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El método de cálculo desemboca naturalmente, otra vez, en un método de tanteos, siendo preciso encontrar 
el círculo critico. con el factor de seguridad mlnimo. Se deberán analizar tanto los clrculos de falla de pie del talud 
como los de falla de base. 

En la ingenierla de suelos es común aceptar en éste caso factores de seguridad de l. 2 o l. 3 en los casos 
normales y de 1.5 cuando se desee tener mayor seguridad en la estabilidad; éste último es el valpr qu~ por lo común 
se recomienda en la literatura para taludes en general. 

Con frecuencia se presentan en la práctica taludes fomJados por suelos estratificados. La masa deslizante 
se podrá considerar dividida en dovelas. dibujadas de manera que ninguna base de dovela caiga entre dos estratos, 
sino que cada dovela caiga sobre un sólo material. El peso de la dovela deberá calcularse con sumandos parciales 
multiplicando la parte del área que caiga en cada estrato por el peso volumétrico correspondiente. 

31 z 
1 
1· 
1 
1 *O 

=O I 
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Aplicación del Método Sueco a taludes en aue. 
101 eatratificadOI. 

El problema se puede resolver utilizando para cada dovela la ley de resistencia al esfuerzo cortante que 
corresponda, de acuerdo con la naturaleza del material. 

El resto del desarrollo del método es análogo enteramente al que se vió para taludes homogéneos. El 
problema se deberá resolver siempre por tanteos, pues para éste caso no hay gráficos de uso común. La búsqueda 
del clrculo se podrá facilitar bastante si hay estratos mucho menos o mucho más resistentes que los demás; en el 
primer caso, es probable que el circulo critico sea el que tenga el máximo desarrollo en el estrato débil; en el 
segundo. probablemente será tangente al estrato resistente. pues al penetrar en él se incrementarla mucho la 
resistencia n1edia. 

• 
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6.2.- Casos Distintos. 

Debido a la cona duración de éste curso, no se podrá profundizar en los casos en que el análisis baya que 
hacerse con esfuerzos efectivos, para taludes situados total o parciamente bajo el nivel freático o sometidos a una 
condición de flujo. Este tipo de análisis habrá de efectuarse con base en esfuerzos efectivos, que se obtengan de una 
prueba triaxial con consolidación y con drenaje (lenta) o con consolidación y sin drenaje (rápida consolidada), que 
se realice con medición de presiones de poro en el plao de falla en el instante de la falla. 

• 

7 .• Factores que Producen Fallas de Estabilidad de Laderas y Taludes. 

Con frecuencia las propias manipulaciones del ingeniero pueden ser fuente de graves problemas de 
estabilidad de taludes; la lista que se proporciona a continuación es una reseña de los procesos constructivos que 
más comunmente causan problemas. 

1.- Modificación de las condiciones naturales de flujo interno del agua al colocar rellenos o hacer zanjas o 
excavaciones. 

2.- Sobrecarga de estratos débiles por relleno, a veces de desperdicios. 

3.- Sobrecarga de terrenos con planos de estratificación desfavorables por relleno. 

4.- Remoción, por cone, de algún estrato delgado de material pernteable que funcionara como un manto 
natural drenat¡te de estratos de arcilla suave. 

5.- Aumento de presiones de filtración u orientaciones ·desfavorables de fuerzas de filtración al producir 
cambios en la dirección del flujo interno del agua, por haber practicado cortes o construido rellenos. 

6.- Exposición al aire y al agua, por corte, de arcillas duras fisuradas. 

7.- Remoción de capas superficiales de suelo por corte, lo que puede causar el deslizantiento de capas del 
mismo estrato ladera arriba, sobre mantos subyacentes de suelo más duro o roca. 

8.- Incremento de cargas hidrostáticas o niveles piezométricos bajo la superficie de un corte al cubrir la cama 
del mismo con una capa impermeable. 

, 
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8.- Caso Práctico. 

A continuación se presenta un caso práctico, a través de un talud en proporción 2:5 (horizontal-vertical), 
en donde se han propuesto cuatro c!rculos de falla. 

Los clrculos 1 y 2 corresponden a fallas de base en diferentes proporciones. 

El circulo 3 es una falla intersectando terreno de cimentación y el drculo 4 es una falla de cuerpo de talud . 
• 

Se analizó la estabilidad de taludes modificando las propiedades gravivolunlétricas y de" resistencia al 
esfuerzo cortante de el suelo que compone el estrato N° 1 (superior), considerando condiciones dramáticamente 
desfavorables para el estrato N" 2 (inferior). 

Los resultados pueden observarse en las tablas anexas. 

' 



MODULO 111.- CIRCULOS DE FALLA PROPUESTOS COMO EJEMPLO SOBRE UN TALUD 
CIRCULO DE FALLA No. 1 CIRCULO DE FALLA NO. 2 
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Análisis de Factores de Seguridad para el Talud Propuesto como Ejemplo. 

} 

Observaciones 

3 1 29 
4 2 08 

Observaciones 

Observaciones 

1 

>Ir)~ Eslrato 1 Estrato 2 

:Peso' 1566 11 
1 (C), ton/m' 91 o 

~ngulo do Fricción($). grados 13 22 

Circulo N° Factor de Sequridad Observaciones 
1 6.03 
2 4.5 Valores, 1 

3 296 húmedo y' ;i al 
4 8 65 máxrmo 
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Análisis de Establllr 

...... 1 ...... ' 
Peso~ {T),Icn'rri' 1200 1100 .. 

C1- 020 000 
~ 611 fr=6n rt.-na (0), plos 180 220 • 
~de Ro6n rt.-na {0), racbnes o 314 "" .1- 000 000 

• 

ArvJo de la proyeeaon del ceruoidt de ~onelie NCJT!l3' -· L~deArto Esfuerzo Ncnnal en la Esfuerzo Resrs!erie en la 
AnQ..C(a), ,...,.... .. er1te la Dovela y el F!Am Resrsterie en 

O ..... N' Eltr.lloN' ""·m' W.,lt:n v.Acl,lt:n la dovela 101n el drWo de fab (a), llcl Eduerzo ~ de De~lmed:o de ~deD~o 

c:cw1 respeeto • b ta1ZOI"'Ial, g-adol 
..... Al:tune. Ni,ICI'I 

Ertuem Acll.al:t, CiraJo de Fila, (l.Jl 
cada dovela (Oil,lcn'rn 611 tacb dovela {llll,lanfm' 

cada cbldiJ (111Ul,\C1'1 

Ti !!JI m 

• 1 1013 , 215 17100 "" 0905 
1 "' 

1JY.i7 1.., 0820 o 331 "" ' ' ""' "" , 1 J 187 "" 3 8238 "" 0760 '"' 2n1 167S 157l 0711 1101 

• 1 1 967 "" 2360 lln "" 1 "' 
'007 , 106 ""' "" "" 

5"' '-"' 
factor d1 Segurldld U7 

An:illlsis de Estabilidad de Taludes. 

Edralo 1 Edralo 2 
Peso vaUnetnco {)').torYm' , 200 , 100 

ohesu)n e torVm' 010 000 
~de ~CI6n rterna (O). ¡rada• 180 220 
~de fncaon n:ema (Q), rDroes 03,. "" •• ··- 000 000 

~de la proye¡cciOI'I di!! eertrO<da de Componerte Normal 
COI!llonertc Lon~ud de Ateo Esfuerzo Normal en la Esfuerzo Resislerte en la 

lwpc{a), T ..-.genaa1 di!! ~ebDOYCbyel Fuerza Res~stcrl:e en 
O-N' Estr3oN' ""·m' W.,\111'1 W.ol, ton la dowlb 'Cibrt el cire!M de bb (a), del Esfuerzo 

CírCIJo de Fala, {Lil, 
&41er1ioe de Dest;mer1o de ~de Desiz;mcrto 

tada dovcla (e~lJl,IC11 
con 1espacto a la ~D11al, (pd011 

...... 
Actuante, Ni, ton 

Esft.erzo Al:tl01e, 
cada d:rvela (01l,toMn da cada dcNela (s.l,torVm" 

Ti Ion m 

' 1 o m 0918 0908 56l7 "" 0756 "" 1"' o 711 o 431 0459 , 1 2 670 "" 3 203 49 02 o B56 2UB 2101 1522 1589 o 716 "'" • 1 1904 '"' "" 35 70 o 623 1 333 1855 2797 o 477 0355 o"' 
... 

"" . ''" 
Factor di Segurldid 0,51 
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FACULTAD DE ING::::NRERIA U.N.A.M. 
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Vlll CURSO INTERACIONAL DE CONTAMINACION DE ACUIFEROS 
MODULO 111: Modelos Matemáticos en Geohidrología. 

Tema: SURFER. 

1.- Introducción. 

El programa SURFER, versión 4.12, generado por Golden Software, lnc. se presenta en éste módulo como 
una herramienta indispensable para la ingeniería, por su capacidad de convertir una matriz de vectores de posición 
tridimensional, en un mapa de contorno o en una representacion de superficie tridimensional, para su 
almacenamiento en disco, para su presentación o para una impresión en dispositivo externo. 

El programa SURFER viene equipado con una serie de herramientas, accesorios, tipos de letra, utilerias 
y un programa de acceso a los 5 programas que confonnan el núcleo principal del SURFER. 

Tales programas son: 

a) Utilerlas: 

ALTERSYM.EXE Programa de modificación de los juegos de símbolos (Symbol Set). 

GRAF!T.EXE Generador de gráficos por medio de una hoja electrónica de gran simplicidad para salida 
en fonnato .PLT. 

GR!DCONV.EXE Convierte mallas (grids) del Microsoft Basic al formato IEEE. 

lNSTALL.EXE Programa de configuración de dispositivos externos. 

bl Programas-Núcleo: 

SURFER.EXE Sistema de acceso por medio de menús para accesar los múltiples programas y utilerias 
del SURFER. 

GRID.EXE Crea una malla regulannente espaciada a partir de datos irregularn1ente espaciados o por 
medio de una función definida por el usuario. 

TOPO.EXE Crea mapas de contomo a partir de archivos de malla generados por GRID. 

SURF.EXE Crea trazos de superficie tridimensional a partir de un archivo de malla generado por 
GRID. 

UTIL.EXE Es un programa que realiza varias funciones en archivos de malla generados por GRID 
(incluye las funciones de las utilerías SUDE y VOLUME en versiones anteriores de 
SURFER). 

VIEW.EXE Muestra un archivo de impresión (plot) generado a partir de TOPO o SURF. El diagrama 
puede ser modificado dimensionalmente (pan y zoom). 

PLOT.EXE Programa que manda a impresión un archivo generado por TOPO o SURF. También 
puede configurarse para mandar la impresión a un archivo. 



2.· Programa GRID. 

2. 1.- Generalidades. 

Como ya se mencionó anterionnente, el programa GRID genera archivos (en formato binario o ascii) para 
ser lefdos por porciones de código subsecuentes, con otras funciones colaterales. 

El programa contiene opciones relativa a la creación de una malla a partir de una matriz de vectores de 
posición (asociados a un sistema rectangular de coordenadas), generada de manera irregular o a través de una 
función matemática. 

Por ejemplo, el programa GRI D podrá procesar ternas de valores reales o enteros y asociarlos internamente 
con un vector de posición en un sistema coordenado rectangular XYZ. De igual manera, podrá hacer uso de un 
sencillo editor de ecuaciones de dos variables para generar las ternas de posición; asf que podrá definir una función 
continua z = f(x,y). 

Usualme11te el primer paso COitsistc en incorporar ternas al progrmna GRID. La opci6nlnput aceptará datos 
tanto del teclado como de diferentes tipos de archivos de datos. Después de aceptados los datos, las otras opciones 
del menú consisten en controlar el proceso de generación de malia regulannente espaciada. · 
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2.2.- Métodos de Generación de la Malla. 

El programa proporciona dos, métodos diferentes de generación de una' malla regulanuente espaciada; el 
método del inverso de la distancia y el método Kriging. El método del inverso de la distancia es más rápido pero,, 
no representa los datos originales tan precisamente como el Kriging. 

El método del inverso de la distancia utiliza una técnica de promedio ponderado para interpolar los nodos 
de la malla a partir de los vectores de posición. Las influencias son inversamente proporcionales a las distancias 
a los nodos. Además, las influencias pueden elevarse a una potencia para incrementar el efecto de la función 
ponderadora. El inverso de la distancia al cuadrado es el método más común. 

El método del Kriging utiliza técnicas geoestadfsticas para calcular la autocorrelación entre puntos y 
producir una mínima e imparcial variancia estimada. En teor(a ningún otro método de generación de mallas puede 
producir estimados más precisos. En práctica, la efectividad del método del Kriging depende de la correcta selección 
de varios parámetros. Tales parámetros son estimados por el GRID y pueden no ser exactos. Aún así, el Kriging 
produce mapas más precisos que los generados a través del método del inverso de la distancia. 

2.3.- Métodos de Normalización de la Malla. 

El programa proporciona dos métodos de nonnalización o unifonnización de las mallas generadas, el 
método matricial y el método de ajuste. 

El método de nom1alización matricial evalúa· una matriz de nom1aliz.ación sobre la malla existente para 
promediar aquellos puntos de la malla más cercanos a cada punto de la malla que va a nonualizarse. La matriz se 
especifica por el número de columnas y de renglones a cada lado del pulllo de la malla a nonnalizarse, asf como 
la influencia al punto central de la matriz. 
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En el ejemplo anterior, los signos + representan los nodos de la malla, mientras que las x y las o 
representan a la matriz de nonnaliz7tción. La malla es de 5 renglones por 7 columnas, mientras que la matriz de 
nom1alización es de 3 renglones por S columnas. El nodo de la malla que está siendo normalizado está en el renglón 
3 y la colwnna 4. 

Cada nodo de la malla bajo una x será ponderado por el valor de la matriz de nonnalización y promediado 
para obtener un nuevo valor para el nodo central de la malla. La matriz cambiará por ello y el proceso se repetirá 
hasta que la malla entera se normalice. Nótese que las orilla de la malla no están definidas y quedarán sin cambio. 

Para una nom1alización ponderada no por la distancia, los nodos x tendrán una influencia de 1.0 y el nodo 
o se le asignará como el punto central de la influencia. En la nom1alización basada en la distancia, se le asignarán 
influencias a cada x basadas en el inverso de la distancia al centro, elevadas a la correspondiente potencia. .., 

En el método de ajuste, la uonnalizacióu se basa en el ajuste a través de un polinomio de grado cúbico para 
interpolar nuevos valores entre nodos existentes de la malla. Esto incrementa la densidad de la malla pennitiendo 
contornos y superficies más suaves. Los factores de expall,ión en X y en Y se refieren al número de puntos a 
insertar entre los nodos existentes en las direcciones X y Y respectivamente. Este tipo de nomialización podría 
incrementar las bajas y altás de la malla original. 

• • • • • 

• • • • • 

• • • • • 
En el ejemplo anterior, los asteriscos representan la malla original de 3 por S. Los nodos representados 

por los puntos fueron interpolados usando una nom1alización por medio de un ajuste a una curva polinomial cúbica. 
l puntos fué calculado entre cada nodo en la dirección X y 2 puntos fueron calculados entre cada nodo en la 
dirección Y, para arrojar una malla final de 7 renglones por 9 colwnnas. 

3.- Programa TOPO. 

El programa TOPO es un generador de contornos que funciona por medio de menús. El trazo del contorno 
puede observarse en el monitor de la computadora, mandarse a impresión o mandarse a un archivo. Los parámetros 
de generación del mapa de contorno y de impresión pueden controlarse en su totalidad por el usuario. 

Los datos de la malla deberán estar en el forn1ato utilizado por el programa GRID, el cual está en fornJato 
ascii o en binario. El acceso al programa TOPO podrá ser desde la l!nea de comandos del DOS o desde el menú 
del SURFER. 
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4.- Programa SURF. 

Este programa es un programa interactivo, controlado por menús que produce representaciones de 
superficies tridimensionales para su salida a la pantalla, impresora, plotter o archivo. La entrada para éste programa 
está conformada por los archivos de extensión .GRD generados por el GRID en base a datos proporcionados por 
el usuario. 

A semejanza del TOPO, el SURF contiene una gran cantidad de opciones alternas, como ejes, colores, 
tftulos, complementación con otros gráficos, opciones de control de generado de superficies y muchas otras 
opciones. 

5.- Programa UTJL. 

Este programa realiza varias funciones en archivos de malla generados por el programa GRID. 

Entre tales funciones, se pueden encontrar las signiemes: 

Volume: 

Slice: 

Residuals: 

Convert: 

Area-of
a-Surface: 

Environ: 

:Volume. 

Calcula volúmenes de sólidos generados por superficies limitadas por una malla. 

Genera secciones de una superficie limitada por una malla para un archivo BLN o para un archivo 
de datos para GRAPHER. 

Calcula los residuos de un conjunto de datos de una superficie limitada por una malla ... 

Convierte un archivo de malla a un archivo de datos. 

Calcula el área superficial de una malla. 

Especifica la configuración del hardware. 

Este programa calcula el volumen neto entre las superficies definidas (superior e inferior), calculándolo 
a través de una doble integral, evaluando la diferencia emre el volumen positivo y el volumen negativo. 

Métodos de cálculo.- Para el cálculo del volwuen neto se utilizan tres métodos: Regla del Trapezoide, la 
Regla de Simpson y la Regla de Simpson 3/8 (véase anexo). Para un estimado de los errores, pueden compararse 
los resultados de los tres métodos. 

Atención: Los resultados dependen de las superficies de malla proporcionadas, si la superficie es obtenida 
tan sólo de un puñado de datos o bien contiene mucho ruido, los resultados de aplicar éste programa no tendrfan 
sentido. 

SI ice. 

Dado un archivo en el fomtato de Linea de Frontera (BLN) que contenga lineas que crucen una región 
especificada por una superficie generada por GRID, producirá lo siguiente: 

Un nuevo archivo de frontera BLN con puntos insertados por cada cruce con lineas de la malla. 
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Un archivo de datos DAT conteniendo datos X, Y, Z en columnas 1, 2, 3 y la distancia en la 
columna 4. 

Residuals. 
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Residuals calculará a un archivo de malla generado por GRID, y un archivo de datos, generará un archivo 
de datos de residuos de la superficiey proporcionará la media y la desviación estándar de tales residuos. 

6.- Programa VIEW. 

El programa VIEW es un subprograma que le pennite observar detalles del gráfico generado (mediame 
sencillos comandos de "zoom" y "pan"), así como pennitir la generación por pasos. Esto és, observar mediante 
control del usuario, la generación de las líneas que componen el trazo. 

Este programa acepta archivos de extensión .PLT y no genera nada. 

7.- Programa PLOT. 

Este subprograma genera salidas a impresora, plotter o archivo previo procedimiemo de "optimización", 
conviniendo el arcltivo de salida .PLT generado por TOPO o SURF en un archivo .OPT, preparado para la 
impresora o dispositivo especificado en la configuración del programa PLOT. . .. 

Dentro del programa PLOT se pueden comrolar varios parámetros. tales como factores de escala, posición 
del gráfico dentro de la página, el formato del archivo, el número de dlgitos de exactitud del trazado, etc. 



APENDICES. 

Apéndice 1.- Tipos de Archivos que Maneja el SURFER. 

El SURFER trabaja con una serie de archivos, fonnateados para una función específica; tales archivos son 
diferenciados internamente mediante una extensión caracteñstica. En la tabla siguiente se muestran tales extensiones 
con una breve descripción de los archivos. así como su génesis y utilización. 

Extensión Uso 

.PLT Archivos de trazo (plot} de cualquier índole, bien generados por TOPO como por SURF. Son 
leídos por PLOT o dentro de las utilerías de impresión de TOPO o de SURF (que no son sino 
llamadas a PLOT), para ser procesados. 

.OPT Archivos de optimización para impresión. Son procesados por PLOT y listos para su envío a 
los dispositivos generadores de impresión. 

.SYM Archivo que contiene uu juego de caracteres en un detenninado tipo de letra. Pueden crearse y 
editarse mediante utilerías. 

.BLN Archivo que contiene las denominadas "líneas de frontera", que pueden ser en código ASCII y 
que representan un polígono bidimensional que se implanta en un mapa de contomo o en la 
generación de una superficie. Puede generarse extemamente al SURFER. 

.DAT Archivo que contiene datos (vectores de posición, localización de puntos, datos para un 
contorno o vértices de un polígono); puede estar en ascii o en hinario. Este tipo <.le archivos 
son leídos por GRID, SURF y TOPO. 

.GRD Archivos que contienen (en ascii o en binario) la malla regulamtente espaciada que será leída 
por TOPO o por SURF y que es generada únicamente por el GRID. 

Apéndice 2.- Menús de Ayuda. 

Todos los programas del SURFER (programas-núcleo) contienen un menú de ayuda (tecleando Fl}, así 
como una ayuda sensitiva al contexto. 

A pesar de que el programa se encuentra en una versión bastante primitiva, las ayudas se presentan 
medianamente inteligibles, para el usuario latinoamericano con conocimiento regular del inglés técnico. 

< .. 
-u-



-7-

Apéndice 3.· Requerimientos para el SURFER. 

El SURFER puede copiarse íntegramente en un disco de 3.5 pulg. de alta densidad (1.44Mb) y ejecutarse 
en la unidad de disco Hexible de cualquier computadora serie 286 y posterior sin ninguna dificultad. Tal 
computadora de preferencia deberá contar con 1.0Mb o más de memoria RAM. 

Probablemente no tendrá usted problemas para desplegar sus diagramas en el monitor, puesto que entre 
las versiones de configuración que el SURFER presenta, se contempla un driver automático de detección de modo 
de video, as[ como los drivers típicos para los modos CGA, EGA y VGA, así como para los modos Hércules y 
Olivetti. 

Esta versión no soporta (que lástima), mouses ni tabletas digitalizadoras. 

De igual manera, en el programa INSTALL de esta versión, se contemplan 84 impresoras y plotters de 
las más variadas marcas, incluyendo las impresoras Epson, Okidata, Star, Hewlett Packard, tanto de matriz como 
láser, aunque de manera bastante general. Así mismo, se presentan opciones para puertos de salida, serial o 
paralelo, la velocidad de transmisión para el puerto serial y la elección de plumas para los plotters. 

...< 
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Tópicos Relacionados con la Evaluación de Volúmenes. 

1.- Cálculo de integrales. 

Aunque la existencia de la integral de una función continua se asegura 
fácilmente por medio de la aplicación de los teoremas fundamentales del cálculo, 
la evaluación o "cuadratura" de dicha integral no puede realizarse mediante 
funciones elementales, salvo en casoso relativamente raros. Deberán desarrollarse, 
por consiguiente, métodos de integración numérica y también de estimación de 
la exactitud de tales aproximaciones numéricas. 

Para calcular en forma aproximada la integral 
b . . 

J= J f(x) dx 
a 

con a< b, se subdivide el intervalo a~ x ~ b en n partes iguales, cada una de longitud 
h = (b-al/n, mediante los n + 1 puntos 

xv=a+vh, nh=b-a, v=O,l, .............. ,n. 

Entonces, 

donde 

Jv = J f(x) dx 
x~, 

El problema de calcular la integral J queda reducido al de obtener buenas 
aproximaciones para las áreas Jv de anchura h en las cuales se ha dividido el área 
total representada por J. 



.. 
... 

' 
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1.1.· Aproximación mediante rectángulos 

La aproximación más directa, sugerida por la definición original de la integral, 
conduce a la relación 

n 
J=~ J ) L..J v~h(f1 +f2 + •••••••• +fn 

VOl 

donde por brevedad, se ha hecho 

1.2.· Aproximaciones refinadas· Regla de Simpson. 

una mejor aproximación se obtiene casi sin esfuerzo adicional si las áreas J. 
se aproximan, no mediante franjas rectangulares, sino mediante trapezoides 
angostos. La fórmula de aproximación (fórmula del trapezoide> es entonces 

pues cada valor de la función, excepto el primero y el último, aparece dos veces. 

Finalmente, se menciona la famosa aproximación de Simpson, la cual, con 
poco mayor trabajo conduce a una aproximación mucho más precisa si la cuarta 
derivada de f existe y es uniformemente acotada en el intervalo dado. 

La fórmula de Simpson para n = 2m es 

J= 43h (fl+fl+fs+ ... +f2m-l) + 23h (f2+f.+f.+ ••• +f2m-2) + ~ (fo+f2m) 

.. 

Tomado de: 

R. courant y F. John. 
"Introducción al Cálculo y al Análisis Matemático", Vol. 1. 
Cap. 6, Métodos Numéricos. pp. 501·505. 
Ed. Limusa, México, 1971, 1" Ed. 
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SURt' Mcnu 

SURF is au inlenc:t~ IIEDI..:I.riven ¡nphia. pro¡rLIII lbat pnxluccs lhrce 

dtmm!liCIJI.I p.¡rface rrpn:sc:n1alionl for wlp.ll lo lhc tcrecn,. prinler. or 

plol.ler. Griddal elatA. in lhc formal usa! by \he GRID Pftl&rul. ¡, inp.n from 

a d.al.l r.Je in eiU.:r ASCII or binary forma.\. Tbe fastest way to view a plot 
on 1 r.npbic:s scn:m from DOS is to type !he COflliTI.UI1 

SURF mmamc 

m:l press limction kcy 1'2. filc:n.une i.! IIlY ¡rid file prtduco.:l by lhe GRID 

progrun, W may in:ludc an optiona.l drive ani palh. lf LIJe atc:usioo is 

oolltled. .GRD will be uscd. Tbe lllrface p!Ol willappear on the scrcen using 
default valua for lhe eontwr &nd pl01 parametc:rs. To modify lhl: ddaull 

valucs prcu Ese 10 rcrum lo lile Main MCtlll. 

Input Mrnu 

You may apxif)' the IJIJllC of the in~t &rid file IUld whctilcr lo in~\ the cnllro 
lile or a part of the file corrctponding to a JUbgrid. 

lti¡JJI &lid file 1liC Íllp.ll ¡rid file must be 1 valid DOS filapcc consistir~& 
of an opllonal drive, optional path. fi!CT~llflle, &nJ opti(l!l.l\ 
ulension. lf lhc extmsion Íll omitlt'd, .GRO is usa!. 1bc 

me Íll read wbrn lhc JlOP-LP mc:t:l.l is anal. 

Fml .W last TIEse aplÍcn!l are uscd to 1pccify a rectangular subgrid from 
1UI\Ill an:1 columns !be original grid file. RD'NI ano! columns are rmnbercd 

swting wilh l. The default values of 1 .00 J2767 will le<ld 
lhc cru.irc gnd. 

View 

~n:tion Ortbor,npluc projection is bdler when measuremcuu are 10 be 

ID-m off the surfaa.. Panllel luii:S will mnain ~ralle!. The 

pcrspectiV1: projecJ.ion crcatcs a visual dfccl ¡imiJar to tll.tl of 

!be Wm.m C)"C. Parallci lincs appe.u to converge at a disWlCC 
similar lo r1ilroad tracb at the horiLon. 

Rwtion 1lus iJ tbe 11Ullber of dqrco frorn the po5itive X uis. Thc 

1U.d1ce 1ppe1n lo rotate clod;wile, or rquivtlmtly, the Yicwer's 

Tilt 

eyc appea11 lo ro\atc ecuntcr-elockwisc. Oa!ookin¡ west, 90"'souU1, 
180acul, 270 .. nortll. 

1111 spccilieslhc llllgle, above or below \he X-Y plane, frorn 
whlch lhe surfacc lJ to be VlCWcd l11c dcfn11h of JO dc-g.re~ p.~ts 
thc viewcr's cyc 30 dcgrce~ ahove lhc pll.llC. 

SUrface-Eyc IJisLancc of tbe vicwer's cye to t11c CC1llcr of UlC surfacc. 
Disl4nl:e This raramcter is uacd only with flCTSpccti.,.e projcctions, uld 

lru5l te lar¡c enw¡h •o tbc: cy<:: fai!J wtside • cLrcwllilcnbin& 
spbo=re 1ro.m.l tlu: surfacc. ll~e flCTSpcc.tlve crTcct Jncre&Jes 
with dccrusin¡ dist.mo=c. Note lh1l srnaU dislar.ces rna=-'- U;USC 
hlddru liir errors. 

Ra¡¡JOYe bidden Answer Ves lo TCIIlOYe linct hiddcn by surface features closer 

lincs to tbe cye. No wUI byp.us lhc lüddcn liiJC rnnoval 1111 plot 
alllincs u lhoJ&.h lhc surf1cc: wcrc transparQll. 

Visible surfacc &ter Uppcr lo plot lincs only on thc lop of UlC surfacc, Lowcr 
to plot only lhc lower surface 1111 BOIIl to plot bOih thc upper 
and lower surfaccs. · 

Plot COilSLint 

{X,Y,Z) 

L1ne c.olor 

Linel)-p 
To plot \ÍDal of canswu X. Y. an:l Z cnter any CC!It\bWtioo 

or lile J lcttcn X. Y, or 'l. Lincs of eonstant z will creale 
1 stadcd conlOJr f!IOI. XY lil1cs crcatc a lishnct plot. 

lnlegcr rrom 1 to lj_ 

Mininu.m Z caotour lf 1Lll.cktd eontOJr lincs are to be ploUCll, Utc user may 

Muirwm Z eontOJr spcdlf thc linuts 1111 the intcrval bctwecn cou\OJn. 1bt: 
Z eontcur inlerval intcrval IUJSt be positive, 111.l U¡c ITlini.tllJ.ITI < - maxinM~n. 11 

nwr.im.un of 200 eontOJr leveb will be plottcd. 

Wcllilc [.IJ/\"11 ASCII lile contaiiiUJ& arbitrary valucs for U1c lcvcls of 
st.ackcd contcur lincs. \lalucs necd.n't be onlcm.l nor 
cqually spaced. It lhis lile iJ 1pccilied, UlC prcvi<:W 

f)raw bonler 

three responses {min. max, intervml) 1rc i¡norcd, .00 
irncrv1l isset lo "N/A". 11 rn.uirr:um of200 IC'o'els are 
1110\llt'd. 

1l1ia option 11 in cffeel if Ollly Z contOJn 1rc plottcd. 

Z Color wo: lile (.CZN]llle user nu.y lpc:cify 1 file: conliiJUJl& inform:uion 
for color 1:0001. r-or aamplc, ir !he file conl:lim 
lhe followin¡ thrce hncs 

~-0 

30.0 
10.0 

lheu color ~ i5 uscd if z > ~ 50.0. 
color 2 iJ UKd if 50.0 > Z > - JO.O, 
color 1 is uscd if JO.O > Z > _. 10.0, 

m:l, the tolor is un:l.cruxd if Z < 10.0. 

llmu, a Clllllalr of leve! z .. 40.0 will be plomd in color 2. as will a 

c.ootour of lc:vcl Z • JO.O. 

llJC valu.cs in Ll~e file ·~ aortcd in inere:l3ing order of Z. so yoo may entcr 
lhc linl:s in any arder, hit it is wise 10 erucr lhan in either ino:rea.sing or 
docreuin¡ onkr lo lcssm úx: chance of a 1111SI&ke. 

Wilh gocd color choiees, cunsiderlng lhe colon availablc: on lhe wtp.~t dcvice, 

a nicc I('ICCtrum of colon n~ay be creatt'd, wilh l'llW for l~hs, for CJ~amplc. ard 
blv.e~ for lows. 

.... 
1\n op:~quc base n~:~y be addctl to lhe pl01. to givc lhc surface a solid block 
dTcct. 

rlot halle l:nter Vea tu pltJ! 1 base. 

Rase hei¡\lt i\utom1tic willact thc b.lsc lu:i¡.ht lo thc minimlm Z valv.e of \he 

Íllp.ll grid. 1\\lematively, lhc base lu:ight rnay be spccilicd to 

cqe tbc lhicbJCU of Lhe base. Large rqative values may 

rcsu\l in a pl01 that dOICI not litw tbe screen. wll.ile largc 
positi~ values may rcsult in a sliart which obsancs \he surface. 

l..ar¡r buc:s may rcquiro thr eye dl!IULile.e in !he View meiJJ lo 
be incrc.uiXI. 

Plot vcrtiu.l lllcse V1:rtical lincs are dr.1wn from tbc suñace to thc bottom 

b.ue lincs of the base ul.l are spacal !he same as \he X an::l Y mesh linl:s. 

Base color Any inl.e¡er from 1 lo lj. 

Tt~1 

1bis mt:lJJ •11~ thc user to spccif)' to.tual infonnation for lhc plot. 

Sch:ct: To Specify: 

A.Jus 1 nln bol\lcr ntk:~ (ui' tilles), ul.l thcir appe.:aruKc. 

liLlitl c~t tru blod.s a11J thc11 placcmcnl an.l appcarancc. 

Rctricvcl'cxt a lile from wh.lch 10 rctrievc tc>U block mfonn:11i011. 

B 1<-'g('lld, an.J Íls pi:1CCI11(1U 1.11:1 Bf'Pt'UUlCC. 

Tille 
J>lo4 Tille nuy 1-.: O lo 79 clurilctcn ('luot~ are 1101 nco.lcd). 

Syrnbol sct J:or hel¡>, sclccl Symbols. ,_, 
Titlc Auto wi\1 centcr tbc: tille t:clow the map. AJlcnutively. the 

position uscr may spccify lhc eoo"'ína1es,in incbcs, of !he lowet len 

lld¡J¡t 

Color 

corn:r of tbc lint cbaractcr of lhc tille. lbe tille may abo be 

rositioual by pn:ssin¡t AI1-T while vicwing lhc piOI m tbe 

K<= 

is my vatue in dq.rccs. Thc an¡lc is nr.asun:d crunterelocL-wisc 

from lhe +X uis. E.¡. Ooohoriwntal. 90_, YCIIieal u¡>. 

is 1.11)' ('OIItive vatue in inche~. lf too sma\1, lhc lltlc may 001 

he rcadable. lf too l1r¡.e. it may not lit on lhe plot. 
is 1.11y mte¡er from 1 to 1!1. 

Axl~1illea 

Tilles may be O lo 79 cbarlctc/1 (quotcs a.re 001 nea:led). 
To rcmove lhe tille, deletc a11 cbaraclcn with lhc Del kcy. 

Sy111bol acl f:or hdp, •clcct Symbols from U1c help IUctnJ 

uumber 

llci¡ht Íll o.uy posittvc valuc i11 inc:h~. lf too small, lhc tilles may 
no\ be readable. lf too (ar¡.e, it tn.1y 001 lit oo lhc plot. 

lítlc-labcl Any T?oJmber, in inchcs. 
dÍliWlCC 

Color i.l any intq,cr from 1 10 D. 

F.dltTeM 
1111: uscr may IXIit, erute. or dclclc 10.1 blod.11. To 

cre:ue ctUcr • wrro:ru. tul block rumber grc:atcr th:!.n lhc lar¡csl cxtanJ. 
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tal block II.IIIIbcr. 

dc:lde ilJISwer YES to lbe dclete prompL 

cr~:, anotix'r ICJII block", entera PCW value for cum:rn tal block. 

1et l'or he!p, ~lect Symbols from lhe bclp mcm. 

llci¡.ht il any poaitive value m indw::s. lf too smaJI, lhe teJU may 
001 be rud.able. lf too Lar¡e, it may DOl lit oo lbc plot. 

Color ill any intq,er rrom 1 to 1 ~-

Text Auto will p!Jcc lbe textto lhe right of !he p!OI. Altcma.livdy, 

po1ition lhc user may spectfY lhe ooordin:l.tcs of lower len comer of !he 

To ediL 
oao 

lin.t thllraetcr of thc tot. 1be text may abo be positioncd by 

pressing Alt-M while viewing the plot on the screen. lf there 
11 more Lh.m orte tal block 011 lhc scrccn. lhe tcxt 10051 be fint 
capeural by tnoving !he crosshairn clo:sc lo lhc lawcr ten comer 
of lhc lint charactcr of UJC text, and pressing Ali-C. Thc 

tcxt may al!O be 1izcd (+ ard -) IUld rolatcd (AH-P for 
cruntercloclwise. Alt-N for dockwtse rolatim) on \he &crc:cn.. 

Move lhe CUI'!Of Clown Lo lhc dairOO line of Lcli.L ard bcgin LcAI 
muy. To dc\cte, WLe eilhl:r Del or Bac:I.:-Arrow. To U19Cil. 

pll:SII \ns lo IIII!J!,le inlo ULSel1 mcxle, presa it B SC:COLd time lo 

QÍI insc:11 raxk. (1)-pc:Over 11 Lhc Clc:fault mode.) lJs,tllomc: nro:J 
1~ lo go Lo llLc bc:¡umU., or en.l of a liJJC. 

Ccrt.ain Alt-Kcy5 havc 5pccial l'unctiOLLS for 1~1 mtry, (iru:ludifl& 
tilles). 

Rctrlc--·eTn1 
Yru may specif}' liJe rwne of U~e inp.Jt teJo:\ file ard llo'h-31 LO do will1 aisting 
tg¡ blod:J. 

Ta;t file 11R inp.J.I tt:ll:l lile 111111 be a valid DOS lilespox: eoosisLifl& 
of an opt.ional drivc, opt.ional palh. filawnc:. ;ud optional 

t:J.Ial:lim. Ir lhc Clllt:nSioo is omiltcd, .TXT is uscd. lf 
thc: path is wniltcd, Che path (if any) ipccifir:d by lhc 

Dai&Path oplioo urder EDviroo is usr:d. 11R lile is rcad when 
!be pop.!p IIEII.I is c:x.ital.. 11Jc nJe IWSI be in lhc form.11 

: _ .._ spa:ifial. fcrr • TXT files. 

.d lf DO tal blocks wrrmtly aist, Ibis opli011 has no affect. 

lt lO\ blocla do aist, Apperd will read in !he ta.l blocb 
IDIO !he followirrg empty bloeb, shill.irrg !he irdo. appropriately. 
Dc:lctcRnt wi.ll dclcte al! currenr. Ltxl bloeb befare rcadmg. 
OvtrWrite will mcdify any existirrg LC:Ill blocb with !he new 
infom:t~tiotL For det.ails, &ce \be IDIUI.LBL lf an lllcmpl is made 

lo rad more tut bloeb than !he m.uirwm. those bloeb will be 
ig,norOO. 

Legcnd 
Plot Emcr Y es LO plot tlx: oriCilta.Lion lc¡cnd. Thc lc¡ad 
oricntalioo illustrala thc rotation of ttJC surfacc ab«<t liJe Z axis 

"'"" 
Le¡l:lld Auto will eenter the legad near !he lower nglu comer of the 

position plot. Allemativcly, lile uscr may speci/'y !he coordinoucs, in 
indlCI, of lhc lower 1cn comer of liJe lcgt.'lll:l, ll~e l.:-gC1d nuy 
also bc positional by prcsain¡ Alt-L whi\e vicwifl& lhe plot 011 

the SCrt'Cil. 

Lqrnl 
Color 

is llllY intqer from 1 lo 1~. 

""'' llx: W!er may se lec\ to draw a.td la.hcl any or all of liJe X, V, a.¡d z a.xcs. 'lltc 
uc:s BP.1 UIS tilla are plollod m tlJe XY. XZ, or YZ plane. 

Plot Mis Entcr Y es lo plol lhc aJLis an:l optiona.l uc marl.s :ud tille. 
Mis color lruegcr from 1 lo U. 
AA11 s}'llful 1d Charactcr sct for lbc labcls. Sec Syrnbols for hdp. 
Mis planc ThU is thr: planc in whitb Lhc tic marks, tic mark la.bc!s. and 

u.is tiLle are dra.wn. 1lu: foU~ t.able is wcd. 

Mis 1 Auto 1 Normal 1 Rippxl 
l tilt<IO 1 tiii>,IO 1 1 

--1---1--1--1-------
x l XZ 1 XY 1 XY 1 XZ 

l VZ 1 XV 1 XY 1 yz 
1 use Z and cltoc:st uis {X or Y) ] rcvctsc of Auto an:1 Norm.tl 

Tic d11Witc Spaeing bctwecn t.ic rnarb in dala unns. 

Utcl..-d uc 

'"""""' 
Auto will pla~c labcls so U~cy do not ovcrlap. Entry of .5. ror 
aarnplc • ..-tll cause every .5th uc to be labclcd. 

l..:~bcl fonn:u Sdn:t l'onuat ror lrtp. 

Label angle An¡le of J.abcls n:lativc to tbe u.is in degrees. 0.0 will plal 

JabclJ in samc dircctioo as u.iJ. 90.0 will plol p:rpcn:licular. 

líe lo labcl Aily twnbcr, 1.11 inchl:s. Tius and olhcr inch spcc:ifíc.allons 
hetaw are n:laLLvc Lo lhe projcetian l.ISOO. 

Labc:l hctght Positive tJ.I.mbcr, in inche:l. 

Size 

The p!ot lli:IY be aizcd in IWO dircctioru: 

horiLmLlillly: 1l1c lc:ngth of \he plOI base {X,Y). m LI1Chcs, may be lpcctfiW. 

' l:ittu:r 1pccil)': L=&th of lOfl&e!LI 1idc of b.ue in inchcs 
or: Numhc:r of data unilll J'Cr inch 

Thc prrduet of the lwo valucs is UJC lc:ngth of !he langc:sl 1ide 

in dala unil~. llrnce, 011ly one of thac may bc: spcci!iOO. Thc 
shor1cr sidc is dctcnnincd pr0(10r1LOLL.II.l\y. 

Vcl1ically. The plot rNY hc: CAig.&erala.l verttc:ally by Sf'I'CLfy~ Lhc: 

Z ~cale factor 
·nJC rurrcnt z acalc: factor 11 givm on thc ¡crc:cn. 
Adjusl thi• fa<:tur upwuW ur downwards lo incrt:ll.'le or dccrc:a5C, 
thc vertical el\n¡.¡:cration. Will1 Automatic, liJC Z scalc factor 
iJ chosm lo crenLe a 11\Jrfacc half u tallllsthc lc:n¡lh of thc 

llin¡,o11nl ncm.-<~ tho.• XY planc. 

'lllo:- uscr nuy 5pccify o eonvc111ion factor whcrc !he X .mJ V UIIÍUI difTcr. l;or 
e~ample. if !he Y units are )'l.rds ard UJC X wlits ue feet, \he uscr can o:nter 
lhc v1luc of J.O LO 1pccify thnl 1.0 Y WJÍLS c:qual J.O X uniiS. 

X'11Llnc 
1lLr ba.lrllary lile is an ASCII lile uscd for drawing ltne !egll'J.!'IIIll oo !he plot. 
ll~e me may conl..am onc or more series of connc-ctcd linc:s. ;ud is in ULC sanr 

fonn:tt u tlx: bb.nkitq; file:~ uscd m tlx: GRID pro&ram 

No biddcn lme ranoval is done on thc: linc segmcms. 1bc Jines are 'aneh:m:d' 

10 thc surfac:c only 11 thc venico spa:ifia1 m \be me. l...on8 segmrog wiU 

m:¡uirc: irucrmcdiate poinu lo eltocly follow lhc surface. 

Each linc is dcscrilxd by a act of vertice~ in !he bculdary lile. 1be (mi 

row of !he lile has Bt least one value. This value is the IJJITlber of points. N, 

~pccil)'irrg lhc linc. 1br ncl.t N rows of !he file cont.ain the coordin:lle5: of 
tiLCLc poirus, eacb row eonlaining two valucs, an X ll1i Y eoordinatc in d..all 

~·· 
El\ample: 

4 (o. 2) l\ 
o o yields 1 ' u o "' 1 ' o 2 triangle 1 ' o o (o. 0) l\ ( 1.5, o ) 

""' ThU m.::tJ.L nllows thc uscr to spc:cify pastin& tnfomuliDil for Lhc plot. 

To Spccil'y: 

lilitPost postÍlJ& blocb, iJlCiuUÍJJi, lhcir crca11on an:l dclction. 
Scln:tiou of E.d1!Post thc lirst Ltmc wi\1 autorrutical\y crca.te 
liLe lirst pos!iiJét hloo.:k. 

RctnevePost a lile from wbkb to rc:trieve poslil¡g block informalt(Jfl 

1-:di\PO!It 
P011t d~la F-JÍiliS Entcr Y ato plot dalil F-JUL¡,., ul.IJcatod by a vertical linc 

from ll~e data. poil1l localion 011 thc surfacc to a lahcl. No 

hiddcn linc rcmoval ts pc:rfonnal on !he labcls or venkal 

~~-

f>ostirq; lile 1lu: posting lile IIJJSI be a valid DOS (Ilcspcc COfi.'\ISling of 
1111 oplional drive, optiOII.'ll pat11, filen.unc. an:l optional 
o;tcnsiotL lf thc o;tcnsion is omillal., .DAT is uscd. 
llus ASCII file cmt.ains thc dall to be postcd wilh a.n X 

coordinate. a V coordinate, ard a labcl. 

X. Y ard Labcl lbcsc 1rc liJe columns of lhc lile COILtain~ tbe X a.td V 
coll.lmns COOrdtr1.1lcs, mi !he \abel lo he plotta1 11 !he X, Y 

coordin.tto. 

\...1bcl form.tl r-o1111.11 LO print \abcls in. Charactcr formal will prinl 
tlLC latcls aactly u they appear Íll lhc lile 

Nurntcr of digill ll'cd whl:n Llbel forma.t 11 sct to 1 IJ.tmcric fonnat. 

l.ahcl symbol sct l'-or hclp. 'clcct Symbols frorn ttJC bclp mcru 
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l.abel lleight 
Labd anglo: 

The bei¡ht of !he posllll& labcl in inchcl;. 
Angle of thc !abe! abrut iu bottom len comer in degi'CC9. 

lnteger from 1 lo 1~. Labcl color 

Relalive ¡o¡nion Relativo: X.Y coonlinatcs in inchcJ, or lhe boltom lcft eomc:r 
of thc \abe! u measurcd from Lhc top of Lhc vcrtiCII] line. 

As an cumple, . .5,1. will plot thc boll0111 len comer of cach 

lahcl 0.5 indtd lo !he ri&ht and 1.0 incha abovc thc to¡¡ of 
thc vertical linc from thc data point. 

Len¡lll of labcl i..m&th of !he vertical line in inchcs, from lhc data point 

line in incliC5 localion 011 lhe surf;u:c: to \he labd, 

Rctrltver~t 

Yo.t may speciJY !he namc of the lnpJl post file an1 what lo do w1UJ c~1slm¡ 

past blocb. 

Post file 1llc 111(1.11 ¡o¡t file nusl be 1 vahd DOS fílopec cousisting 

of 1\11 opltonal drivc, op!Lotl:ll ~lh, lih:narnc, and opti011.11l 

U\CIISÍO!l. ]f \he O:XICIISÍOLI LS OIIÜI!i'\.1, .I'ST Í5 U~cd. ]f 

f'ilc read -
t.hc f"ltll it omluru. t.llc J'llltli (if II.TIY) •po.·dlioo hy tire 

l)aliP•th opt.ion un:lcr Environ i.a usal. 'Thc (ilc i• read whrn 
lhc pop..ap IIICI.I.I i.J o:xit.cd. 'Thc lile 111.111 bc in t.hc fonnal 

•pecifia.l for .PST m~. 

lf no f!OJI blocU current.ly uist, this option lw no affeo:.t. 
lf post blocb do exillt, Appenl will rc.ad in the po::at blocb 

mlo lhe followin¡ cmpty blocb, shining, lhc in:la appropnat.cly. 

Delctel'iRI will. dddc aU o.trrml post blocU beforc ft'<Ldio¡. 
OvcrWrite wi\1 modi/Y any c:r.islln& post block& wilh lhc ncw 

infonna1ion. r-or dct.ai!J, sec !he ITWJJtll. lt an nucmpt is IlUde 

lo read mol'\': p::>Sl blocks !han tite m.uirrum. UIOR blocls will Oc 
igno~. 

Out pul 

Crca.IC a plot file of !he ru.rrcnt suñacc plot. Option.a!Jy, 1atd cutp.n t.o 1 

printcr or plotler via lhe PLOT pros,111.1n. 

Nune or plot lile Specil}' !he option.1l drivc, oplion:~l p:uh, rtlcnamc, an:J 
optional atension of !he plot lile lo crea1c. 

Sc:ale factor So:.alc factor for tite rnlire plot. r-or Cllollllf'IC, 2.0 will 
ma.ke thc pl01. twiee u bi¡. 

P~~&c rosili011 Positi011 of t.lte entirc pl01. in indtcS, from tite bott01n len 

comer. M1y be uxd lo offset m..tlliple plou whcn 1ppmiin&. 

Plot lile fom111t ASCII n111y be n:ad by AJJY lo\ edi10r. Oinary is cfficicnt. 

FUe write nxdc Ovcrwrite will ~e thc plot to be wrillc:n ovcr AJJY old 

inform.tliOil in lhe file (hcncc dcsLroyint, il). AppeuJ will 

write lhc c:um:nt plot 11 the cnd of !.he speci(ied plot 

file. lf \he plot file docs not ui.Jt., a new CII1C wiJI be 
crcat.ed. 

Nwnbcr of decimal ACOJraey in decinl:ll di&it.J of va]Ucs in the plot file. TIW 
di¡it.J in lile valuc shwkl refiecllhc rcsolulion of \he: Wlp.Jt dcvicc. 

StnJ plot to Anl"""r Y~ lo eallpros,ram PLOT from wilhi11 SURF. PLOT 
installed dcvicc imrncdialcly bc-¡illll rlottil¡g 011 !he installed print.cr or 

plotlcr. De rurc to ll\Stall PLOT nRt. 

On...Scrcen V\e10ing 
Sclcd. spcdal fundi011 ley 1'2 to plot \be: c:urrenl contour map. Pn:ss any 
key a.ocpl. Ese to bq,in on scrttn di¡Jt.iz.ation .m..l t'lditing Movc !he 

eros.sbairs wilh !he •rmw kC)'S. To ch.utge \he ITIQVC'rD:fll stcp-siu of lhc 

ei'OSllh:nrs, presa 11.ny n.unbcr fran 1 (smallcst st.cp) t.o 9 (lar¡.cat at.cp). 

To move lite t.itle, use lltc crossha.irs anl All·T. Only thc lul positim of 

thc tille will be siOred. 1be coon.linat~ of thc ncw tille localÍilll will 

appc..lf in the Tille pop-up. Movc t.lic lq:cnd in \be a.unc way u !he 1.1\lc, b.Jt 
use AII-L in place of Al!· T. 

On...Screen Te'li 81ock l'milionln]l. 

To movc 1 lat block, first captUre it WIÍilg Alt·C. l'l.lCC thc c:rosshain 

closc to \he lower len ca~r of lhc 10.1 block &lid prcs.! Alt..C. 1hcn move 
\he c~R Lo !he new locatioo I1Ji prcss All·M. Tite le.tl bloclo will be 

ml111wn wtth Ute lower ten oonter al t.ltc cr(ll.llhair localiotl 

Ancr a tCJ.t. block has bcm c.:tp!U~. llt.c sizc nuy bc il~erc:ascd by preuil¡g +. 
Similarly, - will deo:.n:ase LIJ ¡;izc, Ah-P will rolalc positivcly (counlcr

clockwbc) anl AII-N will rotalc ncgntivcly. 11u: rotation stc-p~~ tn.l.Y be 

incll:UI:d or dc:crCDSed by prcssing lhe tJJmbcn. fr01.11 1 to 9 u for movcmcnt. 

9 rcprcscnt.J thc lar¡~! 1'0\at.ion, or 90 de¡rcc:s, 8 &ivcs 4j de¡rccs, 1 &ivcs 
22.j dcg,rcc:s. ard 10 forth. 

'Thc lí\lcs artd t.Jx: l..cgaid cannot 1:1.! IÍl.cd Ql ro\.alal on t.Jx: ICI'I:C'I\. 

1bc lll:lp !Lile Cllll be rnoval. via Alt-T and \llc lc¡:cnl via Alt-1., b.Jt llicy 

cannol be o:.aptUral VLa All-C. 

S)mbol ~d• 
'!111: following Symbol actl (fou!J) are IVIilablc, '!he 1et.s IIJD.Y be nlt..,rod u~;,,_ 
\he AL'n:RSYM (IIO&ID.ILJ, 

DEPAULT.SYM Uuilt in to SURF 
S(ITJ .SYM Similar lo dcfault 
S(;ll.SYM Simpla Grec:k 
SIITJ.SYM Script 
SET<I.SYM Simplo: Roman 
SCT!I.SYM Duplc~~; Grcck 

SET6.SYM SimplcK halics 
SEn.SYM DuplCII. !lcnhcy 
SETII.SYM Dupla. Scnpt 
SET9.SYM Cyrillic 

SGTlO.SYM TripiCil Rom.m 
SCIII.SYM TripleJ~; ltalics 

SliT!l.SYM Okl Gcrm:m 

SET13.SYM Olde En¡,lish 
SIITI4.SYM Old illlian 

SliTI5.SYM SI'JCCial Symbols 
SET!tUiYM Spccial Symbol!l 
CE.NTI;RIID.SYM Ccntcrcd Symt.:lls 
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l'or malh symbols, use SE'"fl~ anl SETI6. lllc OEfAULT S)mbol sct CODIIIIIIS bol.h 

ccnlcro;l syrnbolll, 11.11d a complete chBrncler aet. Since Ulis 1:1 b.Jill in to 

SURI'. it docs no\ nco:l to be loadcd and willplot faster. lf o plot me b 
to be cre.~~to.xl, CENTERE.I>.SYM will be ruhstitutcd for UEFAULT.SYM for U~ 

posUtl& ccnlcm:..l ~)111001 ~el. 

l!~in¡:lh~ lldp Sy11cm 

To obtain hclp relcvam lo !he cunen! topic pros 1'1, t.hc IIEI.P kcy. To 

ohlniu furt.]l('r hdf', ~ded any of !he <I(Kin•L' ntthc Uop nf thi~ SLre<:n 

To 1clt'Ct 1 llclr O(llion c•lher typc thc lint. letter of thc option or po!iit.ion 
\hJ: p<>inter wit.JL tbe arrow key• atlll prcss t.l>e i:IJt.cr lu:y. 

To uil t.hc belp syst.crn atlll rctum to lhc SURI' 111C!lJS, piC!LII !he Ese kcy. 

Spedal Key~ 

llte following kcya llave spco::ial p .. nposc:s. 

PI llclp 

P2 View curran plot 011 scrn:n 

FJ Rctum lo SURf Mau 
F4 Savc 11\ c:urrCIII scttinp in 1 specirted CO(IIIIWd lile 

Allows for aavill& tal blod;s in 1 .TI(T lile attd 

pasl blocks 111 a .PST lile. 

SILin ¡:,¡ Slorc ~ighled setllng in cornm.m1 lile SUPJ'.CMD 

fj Oil'l'Ctory 

Ese Rack up 1 leve! (E.dts SURF al thc SURF MCIJJ) 
Eutcr Scloxt C~.Jrrml option; bc¡in proccssing ir 011 bo!Lau row or rop-up 
Arrow kcys Movc highiÍf.htcd rcinler 

!tome. l:al Movc lo lhe OCgmmt~¡ or en.J of o tut llnc. 

Durm¡ le~t cntry (in Tille, 1\.\isTtllcs, l:ditTcxt). \he follow~ lcys ha''c 

spcdal f'JIJlO!-CS; 

Alt.·U SUrencript. Any tcxl lhllt folla'NS willplotta:l u 1 supcrscript. 

All-U &lbscript. A.uy ICll.l ll111t follows wLII plotlcd u 1 sul:oscri(ll. 

Alt-N Nom~:~lil.c. lhtdo 1 prcccdin¡ rupcrscript or rubscript. 

Supcrscript.J 11.n.:l subscripu. may be nesled. To ¡o back lo \he IIOITJ\Il siu, 
!Itere nust be u m.my Al!· Non th;u linc u supcn.cripi.S m:J subscri¡KJ. 

Alt·B !Ucls~~.:~cc one character, using, \he cum:nt sir-~:. (l.c. if within 
1 rupcrscript, baclSpiiCC USÍllg. \IJ:tl SÍJ'C.) 

All-1' ~elc-c1 1 new fout. Mus\ be followcd by a dig:it. 

All-0 Select ori&Lllll font (\he dcfaull font for this itan). 

Alt.-P Sclo:ct a tx:w color. Mus! Oc followed by one or twu di¡it.J. 

lf lwo digit.s follow AH-P. both are 11.1cd for \he color nmlbcr. 

Alt.-Q Sclccl origUIIII color. 

Topic Menu• 
Two diiTercnl lYJlCI of nlCius are used to ma.l.e choiecs. 1llc lirsllypc appcan 

ou t.ltc uppcr two lita of thc scrccn. 11\Í.s typc of IIIICIJJ \5 Wlt'ld lo rapidly 

sclox!major torics m:J is called a lopic mcn.L. Tite ITIICIJI al !he lop of lhis 

scrcc:n is a lo¡LLe nJCill. Arrt:JW ~<'Y' n~.ay be Wlal lo \IKJVC !he hi&hJ.igh\ed poimcr 

lo diiTcrcnt. options. k. differCIII opt.iOfl.'! are highligltlo:l 1 bncf aplan:nioo 

of lhc rurrCIII oplian will he dj,pl.ayed on lhc sCCO!td row of tbc: scn:c:n. 

Ancr postlim\lll& lhc poinlcr to lhc dcsirod opt.ion. it may be selecta:! by 

prcs.sil~¡ lite Entcr key. Op\LOIL' n~.:~.y be raptdly sclccloi by lypin¡ lhe first 

lcUer of t.lte dcsi~ optim1. 

lf Ese is prcssed while ilt 1 !opic mcw. t.lx: rrcviOJ!I tTlOJ,I w11l be displayed. 

, Ese may be rrcssal unlil lhcrc are no more rr¡,yiiJJS tncn..IS. ln lhis = thc 

pfO&I;tiD Wt\1 atd .m..1 rctum lo DOS. 

A sccon.l typc of IIICilll lmown :11 a pop-up mctJJ will appc:tr in vari~JJS placcs in 
tlic lowcr poniat of lhc acreaL Tbcsc ti)QIJll are 11:1cd lo sra:ify severa] 

tc!Dtcd valucs " ax: tinte. Tite arrow ~C)'!I will move lhe highlight frun me 

lielo:l lo anothC'r. To ch.tnge an ophon simrty typc Ílllhc dcsiro:J valuc alld 

(lrnl Entcr or lite Up or Oown nrrow lo.cys. 

Pressing !.he Ent.cr ley wLth lhc pointcr on lhc bott0111 ficld will accc-ptlhe 

c:um:nl valu1:11 ard bcg,in 1ny rcbtod proccsaing. 

·n"' Ese kcy tnay he prl'!lsal. at. a11y lime 10 bllck ur 1 IC"Vcl lf 1 mirll!- or 

valuc ¡, hcit~ ch:u"-ru whct1 E.•c ._..piCIIsal.. IIIC prcviOII$ slru"' or valuc will 



be restorcd. Premng Ese a sccond time will ait lhe ~JJ. 

CmdLinc 
'ormat of lb: SURF eomm.url 'Une iJ: 

.F f~onsl (Grid file] 

whcrc optJOIJS cm be any of thc progl'llnnu.blc SURF nnabh:s lhólt Bfli"'C&T in 
the SURF eommard lile Any varil.hles U\.31 a~r on lhl: COilii'J1.lN line wilt 
ovcrridc Lhose m lhc c:ornman1 file. All opliOIU ~~ be immcdiJtely prc«ded 
by a/ or- cha~ler. OpUons rrust be acparalcd wilh lp:!Cd or ubs. 
Strin¡s containin& blanD or t.abs naut be rnclo:sal. m drub\c: quotes. Typc: \he 
SURF.CMD file for a eomplctc lill of valid options. 

'11~e \ut argumcnl may be a file sr.edficalion for a grid file in lhc fonnal 
UJcd by ll~e GRID prognm. SURf' will r.-.:ui tlM; file aul ¡~lace tlle user at 
lhe Main MerJJ. 

r:.J.&/llf'le; SURF /ANGII-270 rnTSTR-"TIIIS ISA TEST" TI:Sl'.GRD 

1-'ormat 

Nur!11:nc valucs may be form1llcd in a Fu.Dd. Exponential, or General 
formal. Witb each or lhese methodJ. thc: uscr may spe::iJ)r lhe IJJIJiber of digits 
lo lbe rt,g.hl of the <.lo::cilual poi111. lmemally all 1J.W1Ciic v;lluc::s a.rc storod as 

32 bit entities. 1ñis is oqu¡valau. lo appr~=lcly 7 digtts of precision. 

f-illcd fonna\ is of thc: form 1-]XUJt.u.u whcre u.u ¡, O!lC or more digits. 
The ll.llllbcr of digits before thc decimal [IOinl dcpcnd1 on the magnitude of !he 

IJJIJiber. 

E.lpanculial formal will prinl values wilh li\C fonn 1-]~ . .u.xxEisi¡n]:ux, whcre 

~ is a sU.lc digit, .u.xx iJ one or more digil..!, and IUX is CJ.aelly lhrcc 

dig1ts, &Di sig.n ¡, + or -. 

Gmcral fotm:~.l wlll print vahies in f"u.cd or úponcnl.ial fonnat. 

~ is mol1.' compael for !he ¡ivm valuc and prc:ci.lion. TrailiJ-C zcros 
are uuna.ta:l &!Id !he do::cÍill.ll point appcan. only if me or more digilll foUow 
it. 

Enviran 

Thc l:rJviron mcrus 111.' uscd lo configure SlJRI: for lhc llll!Lilllcd hardware. lrt 
111~1 C&JI'll, SURI: will make reuonablc ]I.UC!IIIl'!l u lo thc monitor typc, colon.. 
c:e., h.tt in sorne cua i1 may be: dairable lo overndc llll' dcfaull vnlua. 

cnType configures pararrn:lcn. rclaled lo lhc morulor sueb as lhc 1ypc of 
pter, lUid wbclhcr to climinatc stJOW, use lhc DIOS. or write dircclly lo thc 

video h.tffcr durin¡ di.l¡~lay wt¡ut. Vicwin¡ paramelers may abo be: specilied 
includLn¡ Utc ai7.c of plot to lit on UJC 1\.Cr«<J 1Ud tl!c plOl o~in. 

Mau colon are sct in !he McruColor ITlCil.l, while plot colors are sct in lho:: 

VicwColor mcw. Plot. colon are uscd whilc vicwin¡ a rlot on !he EGA or VGA 
adapters. 

Thc Plot.Dev meu.t configures lhe dircctory of lhc: PLOT progr.nn. an:1 invot.a 

PLOT \O 1110111 a Rardoopy rutpll dev1ce lO be corú¡gurt'd, 

r-onts apcdlio symbol seiS, Da11P1th ~rccifics !he p.1lJJ for Íllf'll an;l 

rutp.u fila, an:l Units spccifies En¡lish (incito) or mctric (cm.) units. 

Fonls 
Entcr the namc of a symbol sd {filrnarne.SYM) for one or more of thc f0111s. 

1bc intemal S}mbol se1. DEFAUI.T.SYM, is !he nortn:il dcfaull for rapid plotting. 
Tho: namc1 of thcse fonu will IJ'I'C.IIf whercver aymbol act IJ,.I.Illbcn app:ar 

in J"'P--P merull. 

Daul'alh 
Enlcr ~ palli for all inp¡t ard rutp.~t fila (dala mes, ¡rid liJes. \C'V1.'l 

mes. lClll block mes. po:sting ma. color zone fila, etc cte.). In Olhcr 
words. litis paU1 rcfen to l110se mes refcrring to lhc uscrs· data or which 
control Uu:: plotting of said data. 

111is p;~lh docs not apply lo SURf..CMIJ, nor lo S}1nbol seu (fonts). Those are 
foond m tiJC aame dircctory as SURF.EXE. 

lf no diSk dnvc IS spccificd, tlll:' currcmly active dnvc U usaL 
U lhe disk drive Íli apccifJo:d wilh no diro;torics. !he currcnlly active 
dirmory for tb3.t drive is wcd. 
lf the path spcc•lieation is deletcd or bl.ankcd. tlJC cum:nl.ly active dira:tory 
is usa!. 

'lllcrc are 3 p.tli\S of intc:ra1. 
Thc p;~lh as specificd un:ler DataPath. 
1hc path uscd lo acllvate SURE 

J. 1bc currently active dircctory. 

1l1C la~l ¡, uscd 011ly if liiC fin1 is hlanlo. or delcta.L 
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PlotVev 
111.: PLOT progrllll¡ 1s 115\.'d to &erLl lhc plot file crcatcd by SURF to 1 hardco¡oy 

oo\J1Ll dcvicc. PLOT m.:~y be invoto:l at lhc DOS leve!, or fmn Wllhin SURF lf 

insufficiml memory a.IStS, I'LOT will havc lo be invokcd from DOS. In arder 

for SURF lo involc lhe PLOT program. lhe drive., director)', &nJ na.rrae of !he 

PLOT program nllf.t be 1pecint'd 11 Lhe PLOT rilespcc ¡~rompl. Onc:c ~lhis vah.ic 
i$ se.,, SURF will invokc PLOT ín arder to spccify !he de:.inxl OJil'!l dcvice. 

lfthcjwt 11-..: IWIIC of UJC plol program ill cutcrcd (PI..OLEXI:). SURI' willl~ 
first in lhc rurrcnt dircctory, .n'll lhcn in all the directoria spccilied in 
\he O:UITC!ll ICUCb [lóllJJ. 

Aner PLOT i.l nrushal, yoo will be rcrumed to SURF. At lhis p:lint the PLOT 
n1cspec may be savcd willt ll~e Shin-1~ lt.ey if desircd. After saving thc 
fil~pee. sua¡: will always iJNolt:e PLOT using this n!arcc until dWf'&cd. 

SerccnTy1•c 
Use lhis 1IICfJJ to corú.gurc thc display w~ ard eh.uaetcrUtics. In gCT~tral. 
thc default se1tin¡s should be adcquate ard are best len al01u::. lf it LJ 

ncccsu.ry lo elwl¡c a aclllfl&, il!I13Y be savcd wilh thc Shin-1~ ll"ey. 

Graphics ada¡~tcr llsc lllis O]'lion to sp:ci.J'y t]¡e lYf'C or grapltics adafllcT 
inslolllcd on lhe comp.tlcr. 1lle dcfaull scttin¡ of Auto 
wiU allow SURF lo dctcnninc llllucb ad.aptc:r is tnsLI.IIcd. 

Can: 1l1tJJid be UJcd ..mm clulngin& this op11on. 1incc dama¡c: 
10 !he nxmitor may rcsul1 from irrvahd seuings. 

Sercen widlh This is lhc plot wi<.llh in iro::hc:s lo displ~y hori.tontmlly 

mcrasa thl.' acreen whco vicwin¡ a plot. Ths docs no\ llave 
10 be l11e ¡~hysical widlh of lhc scrern. ru Al\ e~a.HJple. if 
scrcen width ¡, sct lo 2 incbcs, !he enlirc acreen will 

be U!cd to piOI a 2 Ulct1 portion of lile pl01 startin¡ Bl 

lllC curren\ scrcen ort&in. Thill is snrular lo zoomin¡ in on 
a plot: more dctail U shown. h.tl [IOrliorD of Lhc ¡~lot will 

be orr tlJC scn:cn. 

Scn:cn origin 1"he 1crecn ori¡i.D is !he X. Y coordinatc:s in trdD: of lht
lowcr len comer of \he screo:n. 11us is uscd lo apcc•fY 
lhe position of a plot on tbe acreen. Whc:n zoomirr¡ in wi!h 
\he acreen width opliou, lho:: scrcen origin C:I.Sl t-.c 1e1 lo 

'pc-cil'y which [IOrtion of lhc plo\ to place on UIC scrcen. 

Elimil~atc anow !>11C1W coti.'Oists of ran.Jom nll!lltc"S of li~ht whcn thc di,plny 
is tlcing wrillcll to. USUótlly. SURF wiJI corrcclly determine 
whelher snow clirnination is ncccssary aro:J BUlOITI31ieally scl 
llns value. Snow climm.mon is usually only ncccsnry 011 

mas 

filM color ¡rnphic.s c.ards (001 EGA'~). &Jo.l willslow rutp.~l 
COflllu:lcrahly. 11111 vatuc is •g¡xmxl if liJC DIOS is u,N, 

SlJRI: willllSllally wrile dm:ctly lo lhe \ideo b.Jffer for 
pcrfonnance rcasms On sorne cottl(loltibles or n1.11l1W.~ing 
opcrntin¡ S}Slclll9, llti.s may c.ausc problems. To use !he ROM 

BIOS for all serecn Wlf'll ans~r YE .. 'i lo lhis prompl Note 
tholl lhis will slow .a.ll scrccn wt¡ut. 

ViewColor 

Curmuly. liJC Enh.mccd Grarhics Adaptcr is li\C only IIUI'J'Orlcd adaptcr with 

plolling colors. Sincc it is oncn dcsirahle for lhe rcn colon. of a ¡~lotler 
lo rcpi'C9ent li!C samc colo111 011 !he screen, lllis ntctlll a]lowa U\C pctl IJJDibcrJ 
10 be D.SSigrnxl to an EGA color value 

""' G~ 

1 EGA color values are c.alculated by rnixing li\C 6 base colon 
2 from the tablc al len. Thc eolors are rnixcd by adding in 

Roo • 
l>ar\ Blue 11 
D1rk Grccr~ 16 
I>~R RoJ 32 

lhe dcs1m:l color's n.unerie code I:Or cxample. ¡ure ro;! has 

1 color valuc of 4, lligh uuerJSIIy while (1 mUturc of all 
colors) ¡, 1 +2 +4 + 8 + 16+ 32 • 63. Rlack is !he 1bsmcc of all 
color, ard t= an EGA color V3lue of O Tho: bri¡.hlat colors 

are fom\CIJ by a combtnallon of !he normal an.1 dark colorJ. 

f~r 11101\0Cilron\C EGA'a lhe only possible color valua are 0.8, a.n.J 24. Evcn 
lhwgh 64 colon are possiblc. only \6 may be displaycd al once m 1 2~6K 

EGA, llJ1<.I only 4 colon al once on a 64K EGA. lliCSe linuts are imJ"U''cd by 

!he EGA h.utlwarc. 

Unil~ 

11URF may he configorW to use centimclcn ÚL~le<ld of inchcs. l:iúcr C or 
Ccntimctel'll at lhc ¡¡rompt. 

lt Cmlinlelcl'll is •elo::ciW, lho:n wbcrcvcr incites is ukcd for or usumod 

Hor Cllamplc, cll:lraeter heig.hts, labcl-label distaro::cs, s.crecn widU1 aJID~g 
olhen) lhc value will be considcrn:l to be in ccnlúnctel'll. IIOIIICYer, the MI.Jps 

do 001. ctwlge .mJ will still ll:.!d inches. 

Also, liJe values giVCfl in U\C .PLT files will still be in lertrui of indld. In 

othc:r words, thc inlemal units in lhe SURFER p.tcka¡c In"" inche9, b .. .u !he 

u'cr 1\\ll)' er1ter va]ucs in 1erms of cen1imctcrJ. 
l11c l..qcn.l lcxl will be cban¡o:d to reod '1,0 cm. -:u. u data uni.15", 

'-' ~ 

·-·. 
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TOI'O Mcnu 

TOPO iJ 1 mcru-4rivaJ contooring program. 1bc CU!Iwr plot may bc,viC\1.'00 on 
lb: scrcen. OJ\~1 ID 1 plot file, ard/or seru. to a h.trdcopy dcvke. CooLwr 
&1:11 plol ¡-raramctcrs IN)' be ddsult valuc:s or fulty spedfícd by lhc uscr. 

Griddcd dal..l, in t11e fonnon ~Dcd by tllC GRID prop,r:un, i~ ilLf"dl from 1 d;~.ta 
lile in citbcr ASCII or bin.J.ry formal. ·nlC fastcst way lo vrcw a contwr map 
ou a graphiu scrccn from DOS is to typo: !he conun.m::l 

TOPO fiiCIWllC 

and presa l'unction key FZ. (llc:n.une is any grid file produccd by Lhc GRIIJ 
progrllffi, aro:! ITIBY includc an optional drivc ard paLh. lf Lhc CJ!Lrnsion is 
OIIILUcd, .GRD will bl: uscrJ. TIIC COilLWr plol will appc.o.r on LIJC JCI'C'Cil usuq: 
dcfault valucs for the cooLwr I!'LI pl01 paramcters. To modify Lhe dcfauiL 
valucs pri:SII Ese to rcrum 10 Lhe TOPO M~:~~.~. 

Input Mcnu 

Yw ITIB)' 1pecity Lhc l\l.fT"IC of Lho: inpu1 grid file anl whcthcr LO inp.it the entire 
lile or a pan of \Jlc fik corra[Oid~ lo 1 subgrid. 

lnp.J.l ¡:nd me TIIC inpll grid file IJ~JSI be a valld DOS filespce consisüng 
of an q.timal drive. opti~l palh. filenune, ard optional 
ali!!Dion. lflhe a1emioo is omiltcd, .GRD is wcd. Ir 

Lhc Jl&th is ooiiucd, lhc path (if :my) spccificd by lhc 
DataPath option un.ler Envir011 i.s uscd. 1be file is rcad whcn 
Lhc ['0(111' mcrLI is CJ:lla:l 

Fi!!>L anl last ·nlCSe options are uscd lo specil}' a rectangular subgnd frmn 
rows mJ colunuiS \he original ¡:nd file Rows and eolwmLS are numbercd 

stanin¡ with l. lbc defa111t valuo of l an:l 32767 will 
read Llre emire ¡:rid. 

l.cvd 
lbc \•alucs of tlJC cnnl(1Jr lino may be cll.lngcd by SJ'I.·dfying lhc minilrwn, 

max.imwn. an:l irllcrval valun. or by spccifymg a dala líle tonLailLing Lh~ 

cnntour levels dc:sircd. llre def3ult valucs are cboscn to g1ve bcLwccn 11 and 
21 conlours. 

Muunum tOII\(lll 1111: lowa.t COILLWI lcvd Lo appcr ou lhc lll-'1' 

Muirnnn conL<lll Thc higl~CSl c<l!ll<llr leve\ to al'f'Car on LILC nl.lp. 
ConLrur inlcrval Thc intcrval or SIC(IIIÍZe lo use bctwccn !he rninlnum aud 

m.uiJJIJlll conlwr lcvcls. llLC lota\ !IJ.Itlbcr of lcvcls plotL~ 
will be int((Mu.im..tm • Minirn.m1) 1 llllcrval). To omil al\ 

conLour llncs spccil'y mmo~n-~m an.l m:umarn1 contoor lcvd~ 
lhllt Wlll c•clude all 7. \'alun of Ute pid. 

Leve! lile llJC lcvel lile nusl be a vahd DOS filC!I('CC COfll;isting of an 

opt.ion.tl drivc, opti~l palh. lilcrwnc, an.l opllonal 
t::Uemioo. lf thc: exti."IJSioo is omillcd, .DAT is 11scd. TIJC 
lcvcl lile is a11 ASCII data lile wilh one contwr \cvcl pcr 
tille. lbc:re is a maxim..o1n of200 lcvcls if a lcvcllile is 
uscd. lbc lcvels do 1101 nccd to be in any arder, ard do not. 
neal to be cvmly spaccd. 

Scalc 

lbc user Lila)' spctify tlre physical sit.e of L11c plot by emcrrng cithcr of 
two parlliDCttrs; tire kn¡lh iJ1 inctu:s of thc longcs! ~idc of lhc plot, or 
thc numbcr of data wdl.s pcr i1u:h. 

TOPO will synehroni.ze llu: two 'Yalucs IVhcncvcr OI1C is changcd. llcnee. if tire 
length is given, lhe rumbcr or data uni!JI pcr inch IS autOLn:llLc.ally dctcrmincd. 
Cwvcnely, if thr munbcr of data uru\JI pcr inc.h is spccified. lhc lrn&lh is 

rccomp.llcd. TOPO w1l1 autOtn.Jtically c.1lrulale lhc lcngth of UJC shoner sidc 
of tlJC m:~p Lo nl.lint.ain proronioriS. 

Thi.s pbysical )('CCifieation is for !he data rc¡ion only and docs not iJJC!ude 

Lhc aira ·~ uscd for bwnlary labels, lq.all.l, tal, and litle. 

1lJe U$CT m;¡y •pccif)r a co.tveniou factor whcre tliC X aOO y wll\JI dirfer. r-or 
example, if thc Y units are yuds an.l !he X uruts are freL. tlJC us;cr can Clllcr 
tl~~: vahic of 3.0 lo 1pcdfy tlL.:II 1.0 V umts ~"'ila\ JO X 11111!5. 

Conl.inc (Cuntour Linc•) 
1lUs me1u a\lowJ thc user to •po.-eify thc contoor line and m-linc \abe! 
paramcten. 

Se\cct To .~p:dry: 

l..abclco:J l..abclcd contour linc frcqucncy and \he color, dash IC\I{:Lll, [iJlC 
Ulid:ncsa Dllli hach.Jre LcrJ&th of labclcd contour lincs. 

Unlabelcd Color, dash lrngth, !iJIC lhicblcsll, :uld hacb..ire Lrngth of 
unlabclcd CO\I\(1Jr lincs. 

Conllb Propcrtic:s of in-lmc contcur \abcls, mcludlng thc ranncric 
form.:~l, color, hcight . .u-.1 r;ymbo\ sct. 1111: diJLanee bctv.rcrn 

lat.:ls, lhc dtsLanee rmn labcls to ed¡c:s. 111Jd the labcl curve 

tolcrancc may also t.: spccifial. 

Smooth WhclliC'r to smoollt conLOJ.r lincs. :ud how nA~ch. 

i'..aoOrt:olor A file wluch <idínc:9 color t-01><=1- Each contuur lyiug withm • 
color zorac will U5c thc color ~fl<:cifiCIJ witlun tlus lile. 

L>lbtled ConiDur 1,\nn 
l'rcquency A frcqucncy of 1 willl.abcl cvcry conlour lino:. 2 cvcry othcr, 

aod so on. Note lh.:ll h~ghly CUI"'o'cd tina rnay nOI be labclcd. 

Color lntcy.cr fron1 1 Lo 1 ~-

Dash length i.J:ngLIJ of Lhc daslw:s llllli iJJLcno'Cillllg ~paco 111 mch11 r:mer 

z.cro for solid llnes. 

1bc lhc Uudncss of the conlwr lino: in incho::s. En1er z.ero for 
normal hna. 

U:ngth of Lhc hach.Jre m.u\::s m inci!C3. lllese are lhe m:~rb 

pc~1rular to lhc conlwr linc:s wtticb poirll in lhc dil:ectim 
of an t!lJC!oscd dala ru.irunwu, or drpression. 1lJcy are only m.ad.cd 
oo d~cd conLwr !II'ICS. TIIC dLSt.mce bclwccn adjaec:nL hach.Jre 

marl.s is 1wicc LIJCII h:r"LIL 

0::: l'or llt:lp on conlwr l....abciJ. se-e UJC llclp scrC'CII on C01Liah> 

Color 
Unlabclcd Conlour Llnu 

lnlcger from 1 lo 15. 

Dash lcrJ~,tll Ltngth of lile dashcs auo:l inLervening spatcs m mchcs l:nter 
zcro for salid liJ1C5. 

·nuckncs~ lbc !he Llucb!css of Llre com(1Jr hnc m u~eh.:s. Enltr zero for 

notm1l lmcs. 

l]~tll.ITC 1.<.-ngtil of lh...- h.tehurc mar~~ in incite.~- llLCliC ar•· thc marks 
l~"ltgtll J'CIJ'Cllllcul-'T to ULC couLrur liu.-s wluch pmlll m ULC dl!cctiOII 

of an cnclosffi daLa udninarm. or dcpres.<JOII Thcy are unly m.:or\n.l 
on clo:&.\1 oonto.~r lill<$. TIIC d1sLuJCe bcLILICCil adjucrll h.ach.ne 
m.uls is twirc tlJCII le¡"th 

ln-line Conlour l..ahclJ 
l..abcl formal l'or hdl", sckct l'oml.ll from LIIC I1Cip llll."lll 
an.l d¡gns 
La\Jc\ hcipd 
la\Jc-1 CQIOI 

Symt.Jl se\ 
tl..llnbcr 

Any positive value. ist i.nchcs. 

lnlqer rrom 1 to 1 ~-
r-or help, selccl S)Tiit'lols from tlJC help rncuu 

CUrve tokraoce Labcis will n01 be placcd 011 highly curvnl paru of 1 comrur 
line. <¡amely lho!:c whcrc LIJe lhc disU1.11ee al01q: \he coll!aur 
line dividcd by tl\C slraight linc dislancc i.s grealer \han 

the ~pccilícd rurvc tolcrancc. Largcr valucs allow labels 011 
more lllghly curvcd paru. 

Labcl !O label MininlJill d!slancc bcLwccn labels m1 tl1c SlllliC contrur linc in 
dÍSL.liJCe tnehes lliC actual dislll.llce 111.1y be JTJJCII la!lcr, subject to 

curve Lolcrancc. 

Labcl lo ulgc Mmirrum di.stance bc\WCC!l a !abe\ an:J thc o:dge of lhc rnap in 
distance lllCbcs Thc acrual disl.mce m;¡y be IIJJeh larger, subJCCI lo 

rurvc Lolerance. 

SIIM~<olh 

Smooth COI\l(1Jr lincs Ern.cr Y es LO ~moolh conloor lmcs us;ID,. cubic sp\Íill: 

intcrpolatioo. 1llis w1ll rcsul! in a more plcasing 

uwearance. 1111 nl.ly cause eoti\(1Jr lino lo cross. 

Ten:non factor NWllbcr grc.:r.tcr \han .0001 ard less Lhan 110. "The larger 
Lhc llll!llhcr. thc more Lhc COIIL<>JI litiCl will al"]lrU~illl.llc 
f">l)[!.Oil.ll ~lll• (pallL• nlal.lc up uf pire~'ll uf ~Lrai¡d1t 
hu.:s). "llJC •.kfaul! valu•· of 2 () woll g.·ucrally ¡:ivc 
sznooth rurv•-s 

1AmuOrcolor 
"l11e user JTI.]y •pccify a file comninmg infomwlion for color wnCJ. 

For c .. :UllpL~. if Lhc lile contams tltc followin¡; U1rcc IÍ!JCB 

50.0 

30.0 
lOO 

tllC!l color .'i is usl'<] if z > .. 50.0. 
color 2 i.s UBcd if ."0.0 > Z > • :10.0, 

color 1 is uscd ir JO.O > Z > • 10.0. 
an:l. lhc color is un:;lcrmoo if Z o::: 10.0. 
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llrnce, a concoor of levcl Z ~ 40.0 will be plottcxl ill color 2. as wtll a 

conlrur of leve! Z - 30.0. 

"'be ,·aJucs in ihl: lile are sorted in incrruing ordcr of z. so YCll may cnh:r 
• lines in any order. 1:111 it iJ wise to entcr Lhcm in eilhl:r inc.n:uing or 
.:reasing ordtt to lcsse:o the cbance of a mUW.c. 

Wilh ¡oo:xl color choiecs, considcring lhe colon. availablc ou lhl: WLJ111 devicc, 
a nice ·~uurn of colon. may be tl'elled, wilh nx1s for hi&hs. for aample, and 
blucs for lawa. 

UJC Saine oolurnn as for Z valucs for c.onlrurs 
Symbol bc:i&ht Ent~r two symbol ~tsJil3 wluch w1LI be lhe l¡e~ghl.l al lhe 

(GridMin. Valuc) s¡:a:tfitXI va.lucs. lf the proponional value oolumn hu 

(GridMu, Valuc) Z valucs {i.e. \he wnc lypc of \'alucs as uscd for lhe 
c.on1.111rin¡), tbrn GridMin .m:l Grw:IMu may be usoi. 

Symbol hcight (conl~r~.~l.'d) lf either Lmr or SquarcRoot proponimal 

is chosen,. lhm tbc r;ymbol bct¡ht will be intc~f.:~].ttcxl. 

Symbol color lnlcger from l to 1~. 

Labcl fonl1:1.t r-onnal to pñnt labcill in Cl111mcter fom1at willpñnt 

Border1ille1 thc labcls cxactly u thcy appcar m Lhc lile. 
lillc:s may be O to 79 chllractcr!l (quotc:s are nOI nccdcd). 

S)Tllbol 1ct I:Or hdp, sclcct Syrnbol:. from thc hdf' lllCI~ 

""""'' 
lleighl. is any positivc 11aluc in llll:ho, lf too sm.:~ll. lhc tilles m.:~y 

llOI be radablc. lf too lar¡c, itmay 1101. lit ou lhc: piOl. 

Color is any inlcger from 1 to 1 ~-

Bord~r 

Plot mar bon:lcr Amwer Y es lo pl01 • bon:lcr bo"' ar<lllllli lhc conlour mar 
non:lcr color 
lie sides 

X or Y ... 
Tic dist&OCe 

Labelal tic 

'"""'""" 

lntqcr fron¡ 1 10 1~. 

L - Lcfl, R -= Rif,ht, T .. Top, n -= Dottom. 
For DO tics, dclcle all fwr ard prcss Enter. 

Use Auto to llave TOPO scllxt a grid dist.mee, or mtcr a 

posilive valuc in data units. 
Use Auto lo llave TOPO selecta fl'tlqlla.:y basal on Labc1 

size, or entcr a positive inte¡er. O turns off labcls. 
l.abcl angle O ~ horiLonial. 90 • veniu.l. OLhcr qlcs are not allowW. 
Oiaracter hci¡,llt Any posit1ve vatuc in incha. 
Color lntcgcr from 1 to 1 ~. 

Sytnbol 1et For help, selcct Symbo\s from Ux: hdp IJICI~ 
1aunber 

Mnh 
A 1ncsh is 1 sct of venial and horizontal lmcs drawn across Lhc plot liS an 
aid in dctcnnining positi(IIL 

Íi-Mcsb color Jntcger from 1 to ¡j_ .. 

uh ltrcth ~Lh or lhc dashc:s anl mtcrvmin¡ spaces in lfll:hcs. Entcr 
0.0 for solid lincs. Note Lhllt if a lar¡e dash lcrcth is r.ivcn. 
Lhe ITJC!lh lino may :l.!lf'C-111 solid, ano! 1f a sn111l IIJJl!ber is ¡ivcn, 
cxccuivc time w¡IJ be lalict! to draw the Lincs. 

X spaci.n¡ 
y apacin¡ 

None will tum orr lhc 11\CSh Ji.JICS. Auto wlil plol lllC$h lm.:s 
al !he borde1 labels or lhc spacing of lhc inp.¡t g,rid lile. 

1lie user may also mter a valuc i.J¡ data units oorn:sponiin¡ to 
U.: mesh s¡ncing dcsin:d. 

Cunern post 
block 
Dclcte Lhis 
block 

Data lile 

E.ditl'ost 
Erucr a r.:w wmbcr to ediL or cre.ate anolher pos! block. 

Enicr ·y· or "YES" to dclcte lhis post blocL To ercate 
a block, U!le Cunent post block. 

1bc data 1ile nJJst be a 'Valid DOS lilcspec consi~tiug of 
an optiona.l drivc, opti01111l palh, lilC!Uflle, .mJ O(lliUII.ll 

eJucosion. lf ll\C utcnsio11 is omilled, .DAT is usai. 
llus ASCII (¡]c contaim lhc data to be JlOiiled wilh an X and 
Y 1;00rdinate. an opti01'1.11 1abc1 :ud an optJOI\1) S)mbol «de 
m e~~ch lilr of lhc file. 

X, Y ,Label, Symbol 1lEse are li!C columns of UIC lile coot.aining thc X :u11 Y 
&. An¡,le columns c.oonl.inatcs, thc op!JOII:II label, lhc optiOIUI S)mbol «de. 

anl thc opl101'1.1\ anglc. Erncr o ir the Labe\9 or S}mbols do 

Symbol cale 
Syrnbol qlc 

DO\ crist. !u an cxan1ple, 3,4,0,1,0 me.ans tlut X. Y data. is 
in cotumns J & 4, lhcre is oo Label nor Angle column, and 
column 1 contaim Lhc Symbo\s. 

Erucr Ya to plot 111 points in thc ¡"¡fe, or Noto plot mly 

lhosc inside U!C &rid linuiS. 

Use thls «de if aymbol caia are not in llE lile. 
l'.ruer !he an¡le of Lhe aymbol in dc-gll.'<:!l ahoul iiS co:nlcr, 

ir qla are not re.5d from the lile. 

Ccnterod l)mbol l'or hclp, sclcct Symbols from lhc: bclp rtrnJ. 1hc 
ICI interna! symbol set. UEFAUL..T.SYM, llll:ludcs centcrOO symboiJ. 

•ytnbol l!Cight Thc hc¡ght of U!C s)Tnbol in inchcs, or L or S wlx:rc L.. • 
LmcarPmponional and S • SquarcRootProponional. lf dUu:r 
l. or S is entera!, Llu:n a sC'Cond f'OPJP ash for thcsc 11atucs: 

l'roponion.al valuc colwnn ColwJul from which lo rcad thc valuc used for 
cre.&LIIll\ prororÜO!'LII aymbols. 11us may. b.it 11<'<ld no!, be 

Numhcr of d~giL• llscd whcn Labd fofm1l is scl lo a rrumcric formal. 
Labcl J)lnhol scl l'or hclr. scle<:.t .~ymbob from thc hclr lfiCIJU 
Labcl hci&hl 111e he¡ghl of !he ¡utinf, laOCI 111 mcl>clo. 

L..abcl auglc 
loibcl color 

Al~&lc of !he: labcl at'o:ut ilJ t.Jttom lcfl comer in degrca. 
lntq.cr from 1 to 1 ~-

ll.cbti~c po10itiou Rdativc X.Y coon:lmato m ulcla of tbc bolton1 J~fl con~~:r 

of Uk: bbcl "-' m.::.surW floUI thc daU roint posiliou. 'lb: 
rdallvc coon:lm;~tcs are llddcd lo thc coon:lmalcs of lhc dJiól 
I'CJIIII posiuon lo oblam ll~e labcl (>OSitiOIL Auto will 
ccntcr lhc bbel abovc tite ccnlcrnl symbol posit10n. 

On..SCrun Contour Llnc Hdlt1n~~o 
Sclcct srccial 1\mctioo k.ey P2 to plot lhc Cllrrcnl contrur map. Prcss any 
~cy cxccpt Ese lo bey,in 011 scrccn di&itil.ation llrd cditing. Movc UJe 
crouhairs wiLh lhc arrow tcys. To ch:Uli\C liiC movctTICIII stcp-&izc of ll~e 

ei'OS.Ih.:lirs, prcss any !1111lber from 1 (sm.:lllest stcp) to 9 (largcst step). 

To alit thl: grid. sclcct G. llsc U.: din:ctim kcys 10 ~ lhc 

CI'OS.Ihain. Note that Lhc CIII'SOf is lockal Lo grid clcmcnl locations. Enler a 
llCIIV valuc lo tl~c Lhc Z value al Lhc cum:m ¡rid ch:mcnt. To s.ve Lhc new 
gñd, ~ Alt·S. lbc old gnd wt\1 be overumUcn. Press Ese whm dmc 

ediL~. 

To ll\0\IC lhc 1itlc, use lhc crOSllluirs ao:.l Al!· T. Only lhc Last posit1on of 
U!C tnle wi\1 be stora;l. ll1c coordinllles of U11: ncw liUc locaLIOfl w11l 

arpcar in the lille pop-~.~p. Move lhc lq.alll in lhc samc way as the lit1e. ~~ 

u.~c AIL-L in place of Alt-T. 

CmdL..Ine 
1bc fofm11 of llE TOPO conllllollli Jinc is: 

TOPO Joptions] [Grid file] 

" wllcrc opLIOILS can be any of thc pro~ramn~:~blc TOro 11anablcs ttuu appc.u in_ ~ 

thc 1 OPO eomiTUiv.l lile. Ar1y variabl~ Uwt appcar on !he conun:n.J linc will·' 
ovcrmlo• thosc il1 U1c conun:ui<l lile. A\1 ortiOILS n!WL be i.JJUJWdialc\y rn:c•'dcd. 
by a 1 or - characlcr. Opti011S nJJSt be scparaled with spaccs or ubs. 
.!.Lnnp COili.a.inil¡g blanb or tabl nml be cnclmed in dooble quotes. Type liiC 
1 OPO.CMU 1ilc for a COI!J¡!lelc hst of val id optiOO!I 

11~e la.st ar¡wuo:nt nuy be a file s~ilication for a grid lile in UJC fonn:ll 
U!lcd by lhc GRID (>togram. TOPO wiJI rcad thc file :ud place Lhc U!ICI al 
lhc: TOPO Ma:u. 

Eumplc: TOPO /CINT-.10 mTS'fR,.,"TIIIS JS A. TI;ST" TE.IT.GRD 

Datal'ath 
Entn a ¡'>:llh for ali111J11t and rul['Jl files (!lata lilcs, gritl liJes, leve\ 
lilcs, tal block lilcs, rostmg lilcs, color zonc lilcs, c1c. ele.). In other 

wortls, lhi' palh rcfer:; Lo lhasc lilcs rcferring lo lhe users' data 01 which 
control the plotl~ of said dlt.a. 

lbis path docs 001 apply lo 1 OPO.CMD. nor to syrnbol sets (foniS). 1bose are 
fwnl in tlJC s:unc din:clol) as TOPO.J.D,;E. 

Ir no dillll: drive is specified. lhc e~~rrrntly active dnve \S used. 
lf tlJC d1~k dnvc is spccilied w¡th no dircctoncs, lhc omcnt\y acnvc 

dtrcctory for that drivc is usc:d. 
lf lhc path spccilication is tlelctcd or blricd, Lhe currcntly acl!vc dJrcctory 

ia uscd. 

·111o:re are J paUJS of \Jucrcst. 

l. ll!C ¡'>:IU! ;as spccificd w1lcr DataPaU1 
2. 1hc ¡nth usal 10 activate TOPO. 
J. 1be OJrrcnlly active dircctory. 

11JC las! is UMd only ir liJC nnt is bbnl. or dclctco.l. 
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UTIL MENU 

UllL il a utility program wlúch pcrfolliiS severa! functiotl5 011 ¡rid liJes, such 
as produce.;! by thc GRIO program in lhc SURFER package. 

Fran !he UTIL Mmu, sdcct 

Volume lo calruatc volumes of sohds dc(IJ1<."d hy griddcd rurfac._,, 
Slice to erute cmu-aco::tion:tl of a gndda:l S~.ur.ee. for eilbc:r a 

a bwnilry file for SURFI:R or 1 daLa file for GRAPIIER. 
Residuals to CllwLI.tc lb: rcsidwls of a sd of d.IUI from a ¡,riddcd 

Nrflcc. 
Co11vcn 10 ca1vcrt a r,nd file lO a da-ta file, or bctwC'Cil grid fonnal..l. 
Aru-of·a-~.nfacc to calcuL11c lhe JUrfacc arca of a griddcd s:urfacc. 
Environ to apccify !he h.:lrdware corútgurall(lfl. 

To leam more 1brut !he ho:lp sys1em. 1elec1 !he llesircd topic aboYe with "thoi 
arrow tcy'l, an:l rra.s &ter. Pra.s lhe Ese tcy lo 0:.11 ttu: help ~YJilcm .m:1 

rctum to U11L 

Volume Menu 

TIIC Volwne maJJ COhlains 111 options relau:d lo comp.uing volumcs of soiKis 
betwecn grtddcd surface~~ (.GRD files .u crcatt'd by GRID). 

fint, spa:il'y thc Uppcr surface, whieh is usually a grid me (.GRD file 

crcattd by GRID). 1bc LOWER AJrfaee i.s usually 1 cmstanl (thc dcfault is 
Z-0). llowcvcr, dtbcr surfacc may be 1 grid file ora cmstant. Selecl 
cilhcr Urrcr or Lawcr lo spccify lhcsc surfaces 

Volumc COIT"IpJI=t lhc nct volumc bctwecn lbc surfaccs Nct volwnc is tl~r 

volurne (u in Calc:ulus) u comp..tled by a d(l.lblc intrgral. ard iJ tbc 
diiTerencc bciWC"CCl f'O'Ítive volumc (wberc lhc 'Upp:r' surface is abovc lhc 

'Lowcr' Nrfa~c) llal nc¡ative vt~Jumc (wberc Lhc rcverse ¡, truc). 

CUts&Fills miso com[>.~les net volume, N-1 in additi011. c<Jtn('lltes squratcly 
posittvc volumc (CUII) .m:l ~ative volumc (Fdls). Cuts is !11.11 volume 

Wl~erc thc UPI"Cf surface is abovc tllC lower. Fills is wl~erc tl~e Jower 
Jurf~cc is ahoYe lhe UJIIlCr. 

l"-1r C\u~&r.FilLJ, <•IC tnay COLIIIldcr 111<' llrrcr ~urfacc lo t'C thc ori¡timl 
surfacc a.nd t.hc Lowcr surface to be tite IICW surfacc. lliCI.I lltc CutJ 
volumc ÍJ lhe volumc of ITI.'llcrial fl:riJO'o'l'd ard !he l'ills \'Oiulltc is thc volumc 
of maLCrial addcd in sh:lpir.g tl1e ongin:t.l surfacc lo t'C tiJC ncw surface. 
for eunlf'lc. in rolld ronstrucuon or in tan:l rcslu.ring. 

C\rü&.Fills abo comp.ttcs + Arca an:l • Arca. ll~e formcr ¡, tltr mrca of 
thc n:gioo ovt"l whieh tllC llpper surfaec is aboYe lhe Lower surface. while 
thc lattcr is thc arca of thc rr¡ion ovt"r whicb thc Lower wrface is above 
\he Uppcr surf1ce. Whcrc thc lwo surfaccs are cuclly o.¡u•l. lltal &f'Cól i5 
includa.l in + Arca. 

lf \he lowcr surface is 1 COIDtant (7. "' COIJSta.nl), tllCll t- Arc.a is lhc aTCII. 
within 111 cootour~ spoxirtaJ by that constan\. Total arca is lliC wm of 
liLe two 1re.u uxl Jh(l.!Jd cqual \he arca of thc griddcd rc¡101L 

Notes on blantcd gnd¡· lf eilhcr lhc UI'JlCI surface or t.llC lower surfacc or 
bo!h IS blatlllcd al D grid location. llu:n llte thickncss of ll.e sohd ¡~ 

considcrcd lo be lero al lh:u loc.ation. l11is may inlrc:tluce errors for tite 
volume calrulatiOD5. 'Thc use of 1 dcnser gnd may CDntpcll.'late for lllClle nron. 
~ arca of 1!1)' blanl.a.l are.u is included m lhe .¡.Arca total. 

Volumc mcthods: 1l1rn: ITlCthcW are usa! lo conlpllc IICI volumc: TrapeZoidal 
Rule. Simpsm'1 Rule. an:1 Sl.lTJfllm's 318 Rule. TIIC first 1wo are foun.l in 
rearly r~cry C•lruhe tal un:lcr 'Num~:rical ln1cgral1011' or 'Nun~erical 
Quadraturc'. 11le mo:thods are applia! to lhe volwiiC inLq.ral COIDtdered u an 
itcntcd intqral, with cont¡'lltatktns pcrformcd first in lhc X d1rcction ~~~ 

lhat in thc Y dirtttion. 1hc lauer two lliCllJo:W rcquire D ccruin nunbcr of 
imervala. For aamplc, Simpson'• Rule rcquin:s an odd IJ.Ullbcr of grid ¡me, in 
eacb dircetion. if 111 cvm P1111bcr of gnd \incs is SIVCII in \hc grid (t]e, 

thm Simpson't Rule will be uscd in all 1111 lhc lasl intcrval. in which tliC 

Trapewitb.l Rule is ust'd. llencc, as nco:lo:l, ll1c IICX\ bes\ met.ltal is uscd 10 
rt.niJ.h (l.!\ lhc ealculations. 

For an esllmatc of thc error1. yru n1.1y CO!npare lhe rcsults frotn tl1e Um•c 
mcllKkls. 

lf thc Uppcr 1\irfacc is 1lways aboYe thc Lowcr surfacc. Lhcn !he rcsultJ 
sboukl usually a¡~ Lo at leul fiV(! or sil. dccm:L.al places. 

llawcvcr. 1f !he Uppcr Sl.lrfacc lS not a\w~ys above lhc Lowcr surfacc, thm 
il m:l)' bal'("ft\ thaL !he I'CIUILI are lc:u Jipllficant, cspccially v.hcn lhe 

results are el~ lo zero. In lhis cue, ya.¡ shalkl 1\so look 11 !he 

CUIS&r.f'ills volumcs to ¡ct an idu of !he rclatiV(! error. 

lb: diiTcrmt.c bctwccn C\JIJ and Fills volllnx$ is usually qutte closc lo !he 
rcsull from !he Trmpczoid1l Mclhcd. 

Warning: lllc rcsullS d!.'JlCI'W.l on lhc triddCJ.l surfac:c:s givcn. lfywr gmklcd 
surface w:u obtaincd from only a hanlful of daur. poinUI, or from noi~y daLa, 

thc rcsults m.:1y be almos! totally rnc:mmgh:~;s! 

Lo¡Roults allows yw to din:cl the rr:suHs lo a file, quite uscful for batch. 

Upptr 
'11JC lJ~r llll"lli is Wlcd to spcr1fy thc UJlP"f surfacc for volumc CfliiiJ"IIIliOIL 

'lhc surfacc tn:IY bc sp.....:11icd by a l'ile, o.mlCly a grid file (.GRO) u creau:d 
b)' thc GRID rrogrant. or by a Cmstant levcl. 1bc llefill.llt is 1 grid file. 
Amwc:r lhc: finu question with F or File lo se]('C! a file, a!d with C 

or Consunt lo !lelttl a CO!l.'ll.ml 

lf File is &dttlhl. tllC llcfault IS 10 use \he cntirc pid. lf 1 AJbgrid is 
dcsircd. )W IIJ.l51 cmlrulatc thc colunu1S (X lltrttlion) an;l rowl (Y direclion) 
1Et'dcd lo lpt'CII'y tlJC re¡i011 tlll.l )CU wanl, and cnter llKJ5e valucs. Aftcr 

~lin¡ a volumc, chcd; lhe X aro:! Y hm.i\5 of the subrr¡ion lo sce if thl:y 
are correct Note !.11011 colwrtnJ atrl rows of 1 to 32767 will rcad tliC mtirc 

grW. 

lf a C0\1SI11Ut lcvcl ts Sckctcd, l,ltcr a numbcr TI1e volumc wtll bc comp.ucd 

betwecn this leve! .:md the othcr surfacc. 

Lo\! U 

lbe Lower tnefJJ is uscd 10 spccify lhe lfM'er surface for volumc c~lltioo. 

Thc surfmec 111:1)' be spccil'ued by ~ File, n.uncly a grid file (.GRD) u crraled 

by \he GRID pragram. or by a Constan\ h:Yel. Thc dcfault ¡,a constan\. 

Answcr tite first qucslion wtth 1' or l"'ile to ~elttl D file. iLllll will• C 

or COIISlat~ lo sclcct a COIJS\ant. 

lf File is sclcc\00, \l¡,: dclault is to use tllC cnlire ¡:rid. lf a subgrid IJ. 

dcsiral. yw ITJJSI calrulale lhc colurnns (X dirccuon) a!d ruws (Y dircclloo) 
necdcd lo 'f'C'Cil)· tltc fC'&l0\1 lltal ycu want, :ulll cnler tlJOSc valucs. Ancr 
cutnrutin¡: a volumc. check thc X :url Y h.mit.s of thc suhr~ion lo Jre if tl¡cy 
are corred. Note tl1.1t columns :url rows of 1 to 32767 wil! rc:W thc cntirc 

gnd. 

lf D l'OII~tnnt h'H'l i~ ~clcctc.J. c,llcr a tumt..:r. 'lltc vnluntc will ~ Cfliii['Utt'<l. 

l .. ·twcc•n thi~ kvcl un.J thc <>tlwr sutfaLc 

lf t.hc arca witlmt D Cmttwr k~d is <.lcsirL'<l. ~¡,., Lhc C<~LLWr lc'Vcl for tlw 

lowcr surface 11>.1 g,ivc \he g.rid file for thc UJIIlCf surfacc. Thcn Lhc f'05iUvc 
Hl'a ( + Arca) ÍJ ti~ arca wnhm anl al tlut cont<\11. 

R~•ultsl.ne, 

ll!C RC'$\IIIll.q. Oflliou allows }W to spcctfy a 1~ file for ywr n:sults 

11ti~ ts also fl<.'C0$31)' for b.1.tcll operaliot.L 

E.nter a file n:une so !1111 subscqucnl r=llts ~~o·iiJ be placo.l mlo tiJC ~pttllicd 

log file. Delcle lite file namc to dt.Sconlinue IOf.l,~ of rcsults. 

r:nter Overwritc lo dclctc a lag file of lhc same IWILC, and use llLDI 1\.alLIC for 

suhacqucnl rcsults. Entcr AJIJICnd lo appc!d llJC subscqucnt rcsul\5 lo lhiA 
lag lile. ano:l not dclctc any rcsults currcntly in lhl' file. (lf t11c file was 
no\ atl A11CII file, howcvcr, tl¡cn U1c file conlen\!1 may he dc.~t.roya!.) 

Overwritc ts 011ly used for tliC lirst cot.nrut.atiott. aner which it is 
autotn.:uically ch.:mgr.J lo APJ'<'IILI. Tius fc:t.ture was dcsil,na.l for b:t.tch 

orcrat1on. 

1he file 1s closl"l aftcr cach VolunJC or Culs&l'ills opcration. 

1llC IOf. lile for volwne conlpltatia1S has no conncc1ion wLtll tllC otho:r log files 

in lnll., unlo:u yru spttify lhc samc lot file for all opcrations. 

Slice 
Slicc will, if givm a file in the BU!l'llary l.inc FoiTT!.11 (sec 1hc fiRn> m:uJJal) 

containi11¡. lincs lltrw¡.h tllC rq.io11 &~ificd by a grid file (.GRD lile u 
produced b)' üRm). ¡~rtxlucc citlu:r or bolh of: 

a llCW brun:l:t.ry line file (.RLN lile) will1 poml.s inscrtcd for cvcl)' pid 
hnc crossiJ~J. llU, may bc uso:\. for eumpll'. wi1h SIIRF. to plot ro&11, 
rtvcrs, or othcr ht~e fcAIUTC'II on thrcc-dlmcnsionol wrfBCCIL. lliC file 
eOOlDUIS IJIC X, Y ,z data LO plo\ \hcse hncs. No poinl!l Bfe ÍIUcrtCIJ 

wtsidc the ¡nd rt<gion or over blankcd arCil.!l of lhe g.rid. 

1 d~U file (.DAT file) wluch COIIl:tins X.Y.Zdata in colurruD 1.2,3 anol 
boril.onLally Lravcrst'd dist;mce in colwtln 4, Colwnn :; conLalN an 

intq;.cr wluch sp;cifi~., from wluch origin.:ll linc UIC data was corn[>.~led. 

Rq.ardl~.":U of wbicb file¡, pnduced, if any, thc se~ will givc JUmm~ry 
resulu of tl~e cotnpita\10115, Sllch u haw m.my poinu wcrc g.cno:rated. 

TIIC chp ~·~luc nuy t..: usa! in GRAPJIER lf an in(1ll brut~:tl)' line l~ves 
\he grid rcgion. :tnd ir tl..: qucstion "Oul.sidc grld. use cltp vab.ie. • w;u 
answcrcd ·y· or ·ves·, tliCJJ a su~gle X. Y.Z poml willb.: iroertcd u1to 
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!be dl.ll fil~. wilh Z o:¡ual lo !he clip vatuc, for cach inp.l1 bwndary llllC 
vcner. wtucb is oouide lhe grid rqi~n Then in GRAPIICR, thesc poin~ m:~y 
be dippcd from lbe plots by USI.IJll, a lowcr clipping valuc bctwecn the Slice 

' valuc an;l lhe grid file minimnn Z vaJue. 

. c:umplr, ir tbc llunl oolwnll of the dala file, n.unely the 7. valuc:s, is 

plollt'd apin:st lhc: fo.~rth eolumn. tbe horiz.onu.l ITavcrse distanec, U~n~ a 
clip valuc can be apccificd in GRAPIU!R. TIJc c:lip value 1hculd be 11 lcut 

u Lar¡e as lhe Shce clip valuc and no mcm: than lhc r,rid file mirum.J.m Z. 
~cr lhc inp.lt brurd.uy fine le.:~va lhc rq,ion, Graptu:r will eh¡> 11. 

lflhe que:~nion "Ovcr blanli: are:~, use cltp value:" U answcnxl wilh ·y• or 

'Yc:s', lhen whcnevcr an inp.~t bcuniary line travcl'3c:s a grid linc whcrc eme 

or bolh or U\e closest grid poinl5 is blankcd, then. similarly. an X,Y.Z pomt 
will be inscrtcd irno lhc data file wilh Z ~~ lo lhc clip vatue. 

Ra\duals 

Rcsiduall will, if¡iven a ¡riddcd surfacc (as spccified by a .GRO file u 

pm:Juced by GRID) 100 a dala file {whicb ncal not be lhe file used 10 produce 

lbc &riddtd surfaec), oplianally pmiucc 1 IICW d.a!.l file of l'l'Sidua!J fnm tllc 

surf1ce, ard will &ive !he mean llJld sWUan:l deviation of lhc:3e residual5. 

Opuonally, a summary of resulu, including lhc = an.lstardartl devialioo of 
IIE raldu..a!J, will be wriuen toa log me. 'This me may, ~u 11001 1101 

be, !he Jl.lllC IS !he olhcr log files in lmL 

Tbc TC:JidualJ (X, Y,Z da !l. poinl!l) are only eom¡J.Lted for iforut data poinlJ wtlicb 

are fcwd wilhin lhe ¡nd region and over noo-blomked .arcas. Sincc liJe 
surface U compncd, not avcr rectangular cdls, D.lt over subtriqlcs (lower 

lefi .ud UpPCT ri&f¡t) of lhc rectangular cells, residual' are only compncd 

if Lhc data point il locatod. wtlhin a triqle which hiU all lhrcc: vcrtico 

unb]llllkod.. (Note lo IIC'N uscrs: ifyoo llave nevcr uscd hlllllkin¡ in SURFER, 

yw may ufcly 1Knore llns dtsrussion.) 

lnp.11 U ala Colwllflil may be spccifiaf, if othcr Lh1111 thc usual 1 .2.3 for X. Y ."L 
IIowevt'T, if columns are spccified which Cli.IUlOL be frun:l in l]ae il1rut data 
lile, then thc: wt¡ut dat.a file will be cmpty. No wamin¡ is given. 

Yw ITlll)' acn:l aunmary TdUlt5 lo a log file. This 1my he uscful for b3tch 

opcn1i<n To kcep 1 log file, entcr a file LWne in lo:3j'011Sc to: "Ou1¡ul l<!J 
filo: ¡.l.OGI:". 10 lh:ll sub:u:quem rcsullJ will be placa! into lh: sp¡."Cifi<'li 

~~-:'1 file. l>c:lctc tliC file name lo dUcontinJe lou,ing of rc:rullJ. 

!ter Overwrite lO dclete 1 IOf. file Of !he s.;une n:une, an:l IUC lJ1.1I n.tr111: for 

bscqucnt Tt3UilJ. Enter Append to appen:l Lhc subsequent rcsull.s lo lllis 

log file, a.t'd 001 delete any results CUTTClllly iLJ lhc file. {lf tite file was 

001 1r1 ASCII file, howcvcr, lhl:n \he file con\cn!J rnay be datroyed.) 

Overwrite is 011ly used for lhc línn comruuuion. aflcr which il is 

autOIT\IIItc.ally chan&od. to Appen:l. 1bis feature wu daigucd for b.11ch 

opcration. 

Outp.LI Format may be spedfiod.. Thc default foTTT1.1L i.s: 

G6 G6 G6 (NOie; no quotc:s!) 

Tbe 11.1pported 1pccifkaüons are: 

~ G6 • prim 6 di¡its alter lhe decim.ll poirn, usq ei!bcr E or r 
formats belaw, whicbever is (J):)fC eanpacl. 

E6 • print 6 di¡its al\l:r \he decimal point, onc di¡it bcfon: Lhc 

decimal poinl, in !he scientilíc fomut [·)d.ddddddE[si¡.n]ddd 

Thc •i&n of lhe ex~ ill always printed. 

" • pri.tll 6 digits. al'lcr thc decim:tl poim. an:l u rn:my heforc 1111: 

dec~m~~l point u are needcd. lf no more lh;m 8 duractcrs ~re 

prinlcd bcforc Lhe decim.tl poinl (8 digilJ, or, miBill sign plus 

1 digiu), then the rcsulU will appc.u columtulcd wiU1 \he 

dcdmal pomls in thc same column. 

In tbese cumpla. UJC Lwnbcr 6 ~JL.J.Y be chDJ¡gcd to any lllfllber from O lo 9, 
IIOWC"Vcr, Jingle precilion comp..llations irnply abwt 7 sigrufic.anl d!J!Ill 

1\rry ~r ebaracters may be usa!, an:l are printcd on cach wlp.Ll linc. 

Convert 

Convcn c.1111 be used to 

ecnvcn a grid file (.GRO. as produced by thc: GRIJ) progr11n) 

toanX,Y,Zdatafile 

convcn 1 ¡rid file lo a different foi'Tnllt 
{binary lo ASCII or ASCII lo bLn.1ry) 

In doin¡ ei!her lypc of coovcrsioo. a sub¡rid of Lhc mp . .u grid may be 
lecled. To do so, cnter Lhe dcsired rows an:l colw!Ul.9 of Lhc sub¡rid. 

t.bcrwise, leave lhe rows an:l colwnns WKhanged (l-3Z767). 

N01e lhal if a grid file haJ blanking vaNa, lhat eonversion to 1 tLall. file 

will insert tlae blanking valua in1o tlLC dat.. file u if lhey were acrual 

dala points. lf rcquirOO. thcy shculd be ranovcd Wltrl& a lctl editor. 

Are;;~-<~f-III..Surface 

"Tlus OflliOII C.W bc USaJ lO 

Comp.1lc tllo: appi'Olliln:ne SUrfacc Are~~ of a gnddcd Rlñacc. 

To obtain thc cnllrc SUrface Area of lhc griddcd surfacc, eithcr 
nucr 1 Cooswu. Leve! which is bclow (or ahoveJ \he mtin: surfacc. 
1bcn thc resull will be lhc SUñacc Arca of lhe mr.irc lllrfacc. 

To oblam thc SUrfacc Arc.t of lh:lt pan of lhc surfacc which lio 1bu\'C 

(bclow) a spcdficd z.value, sct Consunt U:vd lo thal valuc. 

Thc n:sull wiU also includc !l¡;¡t part of Lhe surfacc AT tlle Constan! 

Lcvcl, m lhc c.~~se of "above". 

To lo¡ rcsullll lo a file (ncccssary for batch QJ"~Cration), cnlcr 1 lilcname 

for \he lO& file. lf no lo¡ CJ.lc is desirOO, delete complctely 1111)' cn\ry 

given for lJ¡e log file. l1le rcsults are always a¡'Jpmdod. lo Ute log file. 

lf any comer of 1 grid ceU is blanl.cd, all or lulf of thal grkl cell will nol 

be included in thc: comp..~tallons. Thc ai'Ca$ comp • .ued u part of C\1\S&Filb 

calrulatitn!l includc blanl.ed ucas. 

GridiO 

Grid files may be wriuen in DL"' uf two forru.ats. 811111)' or ASCII. 

Bin.ary is LTllch raster :r.rd erales smaller lila. llowever. Bin.1.ry liJes 
~ be IYf'lld. edited, or imponed iruo programs Olher lh.m ~e by Golden 

Sonwarc. D.-cause of UlC:!Ie linutation:s. fila ITlll)' be wl('lll u ordinary 

ASCII te~\ fila. TIICSe files may tlJCn be imporuxl irno od.itoT'!I an:l ~r 

programs for furtl•er procc:ssiL• or mWificollion. 

Durin& in~l, it is rossible lo spccify a sut..grid wilhin Lhe ¡rid file. The 

quatlons pcrtaining Lo fin1 ani lasl rows an:l cotumns rcfer lo Uu~ ltmil!l of 

l11e ~uh-~rid 10 rcad. lmL will extract only tlnJSe rows and colunn~ from thc 

¡:rid file lhat eompri'e lhe spccilíOO suh-gnd 'l11e dcfaull range of 1 lo JZ767 
will rcad thc cnlire grid. 

CmdLinc 

The fomut of ll11: lJTIL comrmn:l line is: 

., 
whcrc options c1111 he any of tbe prq,ranu1111ble lflll. Vlfllblct lhlll II'J'CIT 111 
the lffiL conun.an.l file. Any variables; llllll li"JJCCI on ll~e wtlllll&ld line will 

override Lhose in Lhc comm.mi file. All opllons nusl he ilnrrnhalcly preceded 
by a f or. characler Opl!ons lnlSI be sl'Jll!ralcd willl spaca or Ulb$. 

Strin¡:s contauun¡; blanU or labs IIJJSI be encloscd i11 dGWJb]e quota. Type \he . 

UTIL.CMD file for a complete li.st of va lid options. 

Example: lrriL /UGNAME=NOWI,GRD 

ln.b.r:.Jh 
Entcr a palh for ail mp..~l ani wlp.¡l fila (dala filc:s. grid filc:s, ele.). In 

ot.hcr won:ls, Lhis p.ath rcfers 10 thosc filC!I refcrring lo llte useT'!I' data or 

whicll control Lhe gridding of sald data. 

,, 
f·. 

TIUs path dOCJ oot IIJ'I'IY to liTlLCMD. 111.11 is fcwd in Lhc u.mc directory as 

lmLEXC. 

[f no dist.;- drivc is sp:cified. \he currently acli~e drivc is usaf. 

[f lJIC dts\ drive ill Spt'C!lil'll willl no directorics, tl.r currcntly active 

direct~ry for Uul dri~c is usa.!. 
lf \he palll apcdlkalion is <iciC100 or b\ankl'll, \he rurl't"ntly achvc <1!"-""IOI)' 

is usru. 

Thcrc are J poth9 of interc:<~t. 

l. 'll>e f"'lh ·~ ~po.""<:iliL'li wl<lcr J)atal'ath. 
Z. 'l11c p.:~lh u~ru to aci!Valc tnll.. 

J. Thc currcnlly acuve directory. 

The lul 11 uscd only ¡f lhc fint LS bl.mk or deleiW. 
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ALTERSYM i5 a tncn.Hinven symbol editor. 

ALTERSYM allows you !O 

lnplt symbols from a file, 

lidil (aller) l}'lllboll on a ¡:rapfua scrcen (using CUrJOT arrow kcys), 

Copy 1ymbols lo othcr loeltÍOr\5 wilhm lhc symbol sel, 
Dclctc symbob, 

Cxtrael (Xlract) symbob from other symbol seis, 

s.~ 1ymbols to • file. 

View all symbob m lhe ¡:raphlcs sereen. and 

Opl.imize symbolll for plouing spcal aa1 sm.:~llcr lile size. 

11~ inp.l! 1ymbol lile twne ILL.lY 1lllo be spec11ial on lhc DOS eonun:ul.l ]i.J¡c ru; 

Al.lERSYM filmame 

'T'he 5ymbol Sd. m.:~y be vicwal by prosin¡: 1\mction k.ey 1'2. filawn~: is any 

S}mbol lile pmiuccd by AL TERSYM or includa:l wi\h Goldcn Sonw;m: pmiueiJ 

(symbol files havc lhc e:ucnsion .S'r'M). Tite cl!lcnslon {.S'r'M) is op11onal. 

Input Mrnu 

Yw rnay spccil') lhe n.vne of lhe lnp.¡t symhol file. 

lnp.it l)mbol •et 111e inp.¡t aymbol me nau.t be a valid DOS filcspec 

o;QTJSislinr. of an opllonal drive, oplional palh. filenamc:, IJ1d 

optional nnemion. 

lf tl~ atcnsioo is omincd. SYM is uscd 

lf tlJC J'lllh 11 a.mual, 11\C p:¡lit {if any) spccificd by 1.111: 

DataP11h option under Environ is usa!. 

Thc file ÍS TC3d llihctl (/¡e f"'IPU[> lrn.'1JJ IS eKI!ai hy hilling 

<Emcr>. 

Wnnting; 1\ny curren! symbols w11l be dclctcd, 

Alter 

Spec1fy tllC 111/Tlho:r (from 32 10 127) of lhc S)mbol 10 c.J¡t or crcalc. 

Aficr [lrtSSlll& <Eutcr>. lhc graplucs scrc·cu w¡ll ap¡x.-ar. ar-.1 )"'-' H"l.l} Ntt or 

crc.ate Lile aymbol usu~g li\C comnwl.ls luucxl al lile bollOill of the ¡.raphics 

scrcen. lJse liJe cur.~or arrow lcys lo movc lhe cross-h.:llrs. 

Syntbols are atorcd u a lisl of records. Each rcconl has U1c X. Y loc.ati<m 

of a poinl, an.J, 1 COIIUilil.l!d. 11le canm.m..l is e~lhcr a MOVE ora I)RAW, A MOVE 

is 1 paH.Jp movc lo lile poinl. A DRAW 11 • pcn-down move lo thc point frorn 
\he pm.oious poilll in lhe hst (hcnce .a lme wc:uld l:lc drawn from thc prcviOJ.S 

point lo \he curn:m poi.J¡l). A symbol consisls of onc or more challiS of 

poinu;, thc first potnl tn cacb cb.lin having a MOVE COITllll.'lfJ.l, \he rcslb.lving 
DRAW commanis. 

1llc: ccmrnan:js are: 

+ 

<Ese> 

Draw llJJ. edil UJC llCll ch.lrutcr. (= may be uso! instc.ul of +) 

Draw and cditlhc prcvio:us characlcr. 

Esapc back lo 1.111: main mern. 

S Sllrt Stan drawing 1 cll.lin at thc currcnt cross-h.lir.~ loc.ation. 

(A record i5 •rrenlaJ lo \he h.sl wi\h lile MOVE cr:mm.m:l.) 

() Draw i)l'llW • linc from tbc last poinl in thc hst lo lhis point. 
{A record is arrmJ.ed lO lhc llst wilit tbc DRAW con~.) 

R Raoovc Rcmove 1.111: roim al u~ cross-hai~ from lhe list of points 

{Thc la.st record matcbin¡: lhil X, Y loeatioo is removed from 

\he lis\. lf \hcrc are more lh.m onc rccorili for lhis 
loallon.. only tlJC l.ut is r"fTllVVli.) 

T l'og,lc To¡:glc li~ stattu of the point al u~ eros.s-hair:s. 

(1l1c l.ul ~rd n111chin¡: litis X,'r' location lw; ÍIJ MOVEIDRI\W 

starw chanr,ed 10 thc: olher slarus lf !he fonner status l!l;tS 

MOV\1, tllÍll w[lllinlt lite prev1cw challl lO this one. lflhe 

formo:r st.tb.ls w;u DRAW, lhis wil! split the chain.) 

M Move Movc !he point 11 lhe cr!!!a-hair:s. This is a 2-step COUUIWJ:I.. 

Pos1ti011 lhc CI'OSJ·haiTll at 1 romt. Prcss M Pasnion !he 
CTOA·bain 11 1 IEW point Prc:ss M a¡:ain. Only lhe last 

roint in lhc record IÍJl wtticb hall lhe first eross-hair 
loc.~ti~ llfill be moved. 

1 Lmcrt Capture and cut a hne and mscrl a ncw point betWCCII lhc 

adrouna l1us is • 2-stcp comm.:ud. Pos1tion tlJC eross-l,..irs 

ncar tlJC desi1cd linc an1 prcss l. Thc c.aprurcd linc will 

chan¡c color IJ1d be dasbcd. lf UJC wrong line was eapturcd, 

press llTlY kcy tul 1 ard \¡y a¡:ain. Thcn JllO\'c lhe eross-halrJ 

lo \he ncw loeatioo anLl Clllcr l. Thc old linc will be crased 

llld two new liiiCI will be draWI\ from tl1c okl cndpoints lo U1c 

tli:W poinl. 

W Width DefuiC thc width of tlJC syrnbol. 

'l11is nccd 001 be lhc plotla:l widlh of tlJC sy¡ubol. Thc len 

Q 

Q 

PToblen~:~? 

ruld right valucs are usa:! m posiuon symbols wht:n 5C".eral 

are plottal in a 11!.\l slru~g, such ru; a litle. lf lhe wtdlh 

is sm.:~llcr lhan lhc plolla:l symbol, lhen adjacenl symbolll may 

overlap. lf lhc widlh is II1lth laQ;er th.tn lhc ploual symbol, 

thcn thcrc may be large ¡:aps belwem adjaccnl S}mboL~. 

lf lhc widtl1 ls tJ¡c s:unc for cvery symbol In a symbol sct. 

tl1c11 the scl has fucd ~pacu~. lf lhc widlh is appropri.J.Ic 

10 UJC rlollcd widlh of each symbol. lhcn lho: sct has propor

IÍ0!\.11 lp:!CIIIg 

Tog.¡:le prin1ing of records. 

Tog¡:le pnrumg of records. 

lbc dcfaull is to not prim IUlY rccords llawcver if record 

prlnlill& i5 cn.:r.bla:l, lhen whcr:t lhe cross-h:liTll are over a 

poinl in lhe record list, lhc eo!TC!'pouding n:cords will be 

prinlcd 011 lhc riglu sidc of lhc screc:tL Tius may be uscful 

on occuion, t..lt is 1 vcry slow opliOO. 

Mlssing ('OiiiiJ, llllsSi.Jl!il llncs, liOIICl!ÍSlt"'ll lincs? lt docsn't ICIOA ri,.hl7 

Durllllil :ut C'dlllng scss1on. cspccU.Ily wtlell tr[.11l)' ('011\L~ :ulLI lmcs ha•'1: 

been creau.'li 111.1 deletC'd, anifactJ nl.ly 1:1c len 011 li11: scTCCII whicb an: not 

flolrl of !Ir characlcr. To save time, !he ch.nectcr is rill rcdravm aner evc:¡y 

dmn¡:r, baEC lo obt1Í11 tlJC truc: scrttn Ílrog.e of liJC charactcr, il ts IJCCcssary 

lo a u !Ir alilinr, scuian. ard thcn rc-alit (Alter) lhe eharactcr. 

Copy 

Thc uscr 111.1}' COf'Y a symbol to anothcr locauon. 

Wantin¡: lf a ~)1llhol alrc:tdy CKJSIS al tJ¡c dcstÍII.llion. 11 w1ll t>c dcleta:l 

'lltis ortio:u ¡, u.~dul. for cxaJil¡'llc, wh.-11 si.Jnilar symhols m.Jsl t>c cr.:.atc'\1, 

such as for an unemational characler scl. Onc symhJI L• crc.1la:l 

fim, thcn <'O[>ÍCS are nloldc .:ulLI .:tcccnl nl.lr~s nl.ly be addcxl to lite cop1cs. 

l)dC'le 

ll1c uscr lll.lY <.lrlctc a symbol. Note thal a llelclc c.:uutol t>c utdOIJC .. 

.~uuctimcs, 111 •'\JIIUJt a symhul ~c·t. thc user lllll}' dcklc allthc poinls atlLI 

hnc~ of a S)1nhol. a¡l<i lil<' >}1nhol appcars m Utc S}1ntWJI tahlc as havul& Lcro 

ICCor<.ls. lf ~).11 is nolllcsJrc-d, tlltS opuon lll.'l}' be usa:! lo dclctc lite S}mbol. 

(llolllclilliC!I • hlan~ record may he U3cful. to lal.c up '~"''e in lellt, for aa.rnplc, 

as il w11! be plollc.J as a blanl::, llcnce, blanl.s of diffcrenl lcng\hs may be 

CI'C.llcxl.) 

Xtract 

Tite u.~cr m.lY <-':tlfJ~l 11 S)1llbol from :UKltltcr S)lnbol sct 

WJrrun¡:; lf a symbol alr.:.:tdy c-isls at tlte dcstn,..tion. n w1ll be delctcd, 

Till' s¡-«itioi S}mhot w1ll be cop1cxl from lhe spcctfia:l symbol set aRi pbcnl 
Utto tl~ lli.'W loc.:uiot~ 

..... 
lb: user nl.ly s.JVC lill' n:suiiJ of a S}mhol edit Jelllion toa symbol file. 

Ou\[l-11 ayrnOOI se\ Tite Wl[l-11 S),llbol file nau.t be a v1lid DO!'i tilcspx 
eot~:~istiug of ;:n1 o¡~~iorJ.11 drivC', O(llioru.l pali1, tilcn:unc, and 

ophon:tl n.tntsion. 

lf t])C cu~,lSÍOII is 01rtiued, .!'iYM is uscd. 

lf u.., path 10 orr1111..-.l. tl~o.· ratil t1f any) apccifioi hy tlJC 

Data1'1U1 option u¡o.Jcr Euvuun is usa.! 

1bc file ls wnUcu wlll'11 UIC rop.J¡> UlCI.ll is uilcd by túuin¡ 
< En.lcr>. 

Optlmil.e 

TIJC uscr rnay optunll~ \he cnlire symbol scl or one spectficd S)1nbol. 

Thls operalion will allcmplto join diSconncctcxl se¡mcnls. For cxample, \he 
c,pital lcller A tnD.Y be drawn as tlucc separatc scgmcnl.ll. Optirruzc will 

connecl tl1c lwo ~lnnlal sc-gmc'1llS imo onc dlllÍII as si\OVollt, lliÍ$ mitlimiLcs tl\C 

vcM.ieal aru horizolll~l pcn mol ion of a ploucr. as wcll as dccreasing lhl: sizc 
or iJJC syrnhol lile. 

'·' Movc lo 1 2 Move to 1 
Draw lo 2 ' Draw lo 2 

" Movc to 3 " Draw lo 3 

' ' Draw to 4 ' ' Mo\'e lo 4 

' ' Move lo .'1 ' ' Uraw 10 5 

' ' Oraw tol\ ' ' 3 flllllltltll/1/llf/111 4 4 ll/1/lllllllllllllllll 5 
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lbe user ID.1.Y vi.:w !be symbol ad., 32 symbols al a timr. 011 lhe graphic:s 
~en:cn. Note thólt lhl: f'wEtion ll:ey < F2 > ard \he mE:I1L sclection Vicw h:lve 

th: IWIE f'und.ioo. 

UK !he + ud - tcys 10 .dvance or baek" up a screm. lllere are three 

scm:ll:! of 1ymbols. (For c:onveuicnee. lhe = lo:cy is cquivaleru: to +.) 

1( a symOOI 4ocs not e:~~;ist. Lhe symbol bm; will be drawn u a vertical lilE. 

1l:Je user may vie\'11 a single ¡ymbol al a Lime by •clecun¡ Aller ani e:nterirrg 
a syml:ol IJ.UJiber. 1be + an:l - tcys rmy be uscd to advance or b.tclc up onc 

dlaractcr ata lime. 

CmdLine 
lhe form:r.1 of lhe AL TI.:RSYM cOITIIIWd linc is· 

ALTERSYM [optiom) [Symbol lile[ 

whcre apli001 cm be any of \he pmgramma.blc AL TERSYM variabl~ lhal a¡lX.;u in 
lhe ALTI::RSYM ewtm3.l1d lile. Aity vanablcs lhalappear on lhc cormJWld hnc 11o11L 

ovcrride Ume lll lhe comm.m.i lile. AU optiO!IS IIWl te lllllJlOO.iately pn:ccdcd 

by a 1 or - cl13ractcr. Oplioos lll.LSl be scparalcd wilh spaccs or tabs 

Sumgs COiilallling bla.nls or u.bs nwt be encloscd rn dwblc quotc:s. Typc lhc 

ALTERSYM.CMD lile for a coxnrlete list of valid op1iws. 

lbe l.ut ar¡,umcnl lllóiY be a lile spcdfication for a symbol rile in the fom1:1L 
used by \he AL TERSYM pro¡;ram. AL TERSYM wtll r=l lbe lile ~ p~ace Lhe 

uscr atlhe ALTI!RSVM MCI'Ll. 

Examplc:: ALTI:RSYM /.SCRli'PE=Atri'OMATIC' TEST .• ~YM • 

D:llaPiilh 
Enlcr a pa.th for all inp.lt llllll wtp.n files (data files, snd mes, IO!VCI 

filt::1, ta;t block lila, poslins Jiles, eolor zone files, ete. ete.). In other 

words, Uilil patll 11:fen lo thosc lile:; rcfcrring 10 tlic users' d.lla or wluch 

control thc plouin¡ ol said dala. 

!' patll docs nOI apply lo ALTERSYM CMD "That ¡:¡ CApCCLcd lo be m !he same 
, rcclory as AL TERSYM EXE. 

oo dtslc dnve ts SJ'lCCtficd, thc rurrcntly acttvc dnvc u; wal 
lf tite di,k drive ¡, spccificd witll uo dtrccloria;, lhc currcntly acuvc 
directory for lha.l drive is used. 

lf thc path 1pccification is deletod or blankcd, thc Cl.lrrclllly active dircctory 

is uscd. 

ll!Cre are J palhJL of intcresl. 
l ll~e )"lllth as spccified unicr OataPatl1 

2 l11e palh walto activalc AL'T'ERSYM. 
3. llLC wrrcrttly active dtrcctory. 

Thc lul ill uscd only if !he lírsl is blanll: or delclcd. 
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GRID Mcnu 

liRID cre.atcs and m:uupulato::s mes of rcgularly sp:~cal dJLa poi11ls callm 
¡n:l lila. SURP aOO TOPO use thac files lo crcatc J dlfllCtlSiooal surfacc 

ploiS and contoor map.. 

From llie GRID Mau, sdcct . .,.,~ 
Pwx:tion 
Maltfy 

Eriviron 

lo crealc a ¡rio:l file from irrcgularly spaccd daLa 

lo crcatc a ¡rid file from a funcllon of 2 variablC!I. 

to smooth, blank. or nxxl.tfy an Cllisling grid. 
lo spcctfy Lhc hardware configurauon 

To lcam more abc:ut !he lu:lp 1)'9\cm, sc!cct Lhc dcsm:d !opte above will1 the 

arrow lcys, and pn:ss l~ner. Press lhc Ese kcy lo Cl.ll tlK' hclp systcm and 
rctum lo GRID. 

Kandom Menu 
'llte Rll!'dam mCIJ..t conLa\ns all options rclatcd lo crcatffit 1 grid frmn random or 

irrcgularly spacrd X Y!. data. I:O.ch dala poinl constsls or J values; an X,Y. and 
'1, coordinale. ~re Lhc GRUJ uuta~ml for cxampiCll of ra1J.lomly sp;~ccU data. 

llsually the lírsL alep is lo gctlhe XY"l. daLa into GRID. lbc lnp.~l opLion 

will acc:epl data fran lhc kcyboord or from scvcral diffcrcnl 1~ of data 

files. Aflcr lhc data is cnterl'd, lhe ot!Lcr options in lhe Rardmn mcnu are 

usai Lo control lhc griddin¡ proces.s. 

OuLpll IIISl&tli a rwnc to lhc Wlf"J.l grid lile. Duplicalc tclls GRD) how to 

h.:udlc point.s wilh idcntical XV c.ooniuutes. GndSile sr11:dfies tllC sl~c or 

dcnsily of lhc rm.ll gnd 1n general. lhc l.lcnscr !he grid, lhe smoolhcr .m:! 

more dcU.ilod lhe ftn.~.l plot.s will bo:-, Melhod ;dlows the uscr to spcctfy lhc 

gridding mctllod to use. Sft lhe GRID mawal for a di5cussion of lhc mcrits of 

lhc vario:o.u gridding tcchrnquc:s. Seart:h wl\L sel t11e parametcrs used lo 

scarch for data points during lhe gridding proccss Limits spccifies lhe 

coordtn.~.tes of the cdge of tl1e grid. nq,in is used lo bcgu1 crc.tL1JJII tite 

grid dkr •11 lhc abovc p&l'11lllCters ha.~e bo.'Co sc1 lo th.:ir dc:sired vak.tcs~ 

t'unctlon Menu 

TilC Puncli011 rncrJJ "usl'd ID creale a grid from a uscr spa:ificd functinn of 2 
vanablcs. TIICSc variablcs nJ..tSI be n.uncd X. Y, aJd 'l~ aJLd corrcspood. to t11c X. Y 
:u-.:1 :t. coordin.llcs of a [Wlinl lo t>c cah:ulatOO Scc tllC grid maroJal for cJtampl~ 

of valid function.~. 

lbc 1\mciÍOII is cvaluatcd al discretc pomts corrcspcnlmg to l]IC gnd nodcs. 

n.e coordinateJ of thcsc point.s 1.1'11 lhc ¡rid llc:nsity are calculatOIJ frorn tllC 

111ininum. muimurn, &nd incrcrnern vak.tes lllpll by lllC user. lf u., mininurn. 
m.u.imun. &nd inc:rc.mcnt Vllucs are 1,10, .m:! 1 for both tire X a.nd Y ucs. lhe 
rtnal grid will h:t\'e (10 X lO) or 100 valucs. 

Equ.ILlons 11111)1 be urdefmed ovcr a ponton of lhe gnd m;ultu-.g m ITI-1lh crron. 

For auuple, lhc cquatioo Z .., X/Y will be wlicfmOO whcn Y=O.O, lf !he Y range 

aJ11 incrcmmt are such lh:tl Y w:ill cqual 0.0. a malh error wtll rcsull an1 lhc 
grid nodc will t.: blanlt:cd. 

lf an "lnsuffic1cn1 mcmory" error oo..X"Un. wlnlc crcatÍllg lllC gnd, malc su re ÚJ&: 

worUhcct in IR.udorn lnp.!l] is 1101 being lüed. SlllCc it rcquires a largc amrunt 
of m.:mory. 

Modil'y Menu 

llE Modil'y rrD1.l alJQWS lhc unr lo clloll"'gc a prcvin.J5\y ercatcU grid lile, l1lc 

Stooolh O(llim will smoolh • &rid lo elimu~le irrc¡;ularitlcs in ÚIC surfacc 
an:l proluce a more aeslhctic plol 

Bl.anl. will n:.ad in an aistú¡g lile with coonlinates of a 1'\."giOII to be 

blanlt.:c:d. 1biJ rcgioo will be matlr.l'd wtth spccial valucs m lhc grad lile Lo 

ehnu~~:ttc c.oruwr an:l surfa~:e lincs in lhe r111.11 pl01. 

Math is wed lo perforrn rn.:tthcmatic:al opcralions belwccn 1wo utsung grid 

files of lhc S&lllC siz.c. An cquatioo is spccificd lo dermc lhc mathcm:ltical 

opcration. Alr¡ valid cqua1ion may be spccLlioxi an:;l lllo:I.Y use .my of GRID's 

t1lilt·in funo:tions. 

Input Mtnu 

'f'hc lnp.!t optim &110\\lll }'OJ lo en1er XVZ data from lhe li:cyboord or an alstmg 
data lile. li:lit will place yw dircc\ly iru.o GRID's worksbcct wbcrc all XY"l. 
data are ltoro.:i. lllc worUhccl is up 10 26 c.olurnns by up to 16,000 rows 

dcpcn:.ling on av1tL1.blc nlCmOry. 

Xtcmal will Íllp.ll dat.1 rrom an aisting: ASCII or Lotus 1n file filo lhc 

worUbcct. llÚJ data may lhcn be cditcd wilh lhc Cdit option if desircd. 

IIIScn, Dclcte. Copy, .m:! Move w\11 perforrn opcrallons on a.n cnltrc 

sr~A~p of data Íll U\C worklbcet from a single ce\1 toan cnlire raL~ge of cells. 

Fonn.al wtll •llow ÚIC uscr lo cl1:1.nge lhe way a llWIICric valuc is prinlcd m 

tlJC workshcel. Of'lton."' aasl for Fixru, J:;..;po~lCllltal. n1d GL"'ICral fom~t~ 

Transform will .tf'PIY a uscr spccifíc.:l cquation lo llie data m 1 or more 

columns lo calrul.:tle a 1JCW column. 

n~e Savc O(llion will save lhl: curren! wor'or~hcd u an ASCII lile. 

DupliCllle Mtnu 
Du{'IJc.:uc d.l.t.:l pomi.S havc idcntical X an.l Y corm.linatcs NI not ncca&arily 

idcmica.l Z cooroin:IICil. Sincc U~~;: distancc bctwa:n UlCSC poilll!! ts 0.0 most 
dtstancc wc¡ghlal gnddmg algoriUiffiS are U!1.1blc to cale\.1\atc a ¡nd nWc from 

llu: dala To avoid l]us probkm, GRIT) will m.U.c a rass lluOO&tJ Lhc input data 
to dctcnnme if any poinLS are identical. 

lf t!IC 1\.vcral'e opuou is sdcctcd. all poiiLls with idcmical XY coordin.nn 

wtll h:tvc Lheir z coordin.ltes averagal. AH tlJCSc points w11l be rcplacl'd b} a 

su¡gl~ poun rl'Jli'\.'SCILlu~ thc mvcr~c. 

Uclcte will trcat dupltcau: data poima as crrorJ Bld will removc !he PJlnLS 

beforc tl\C gnddiug procClls. 'llLc pouns are nol dclctl-d from lile worHlK."C!. 

!\mee cltcclmg for duplicatc points is time coll.<'urning for lar¡c grid~. thc 
Ignore o¡tlliKI ts inclu<lc\l lnr u~C/ll who are 8Ure lhel! llat~ <lnl"ll !liK Cl~llaln 

duplk~tc dJla po¡iltl~. 'Jltc <luplicah: dtcc~ ts bypa~~•-d nno.l !'lidl.ling proco."l\11 

ÍllUlll'dialcly. 

GridS~e Menu 
Grid~i~c is usoo 1o spcclfy tl~e daL,lty or t11e ru1:1.1 grid. ·n~e limi" of lltc 

gri<l do not cllo:l.t-.gc, only lhc numbcr of gri<l nodc~ within thc 1\núts. A grld 

dcnsity of abwt ~ in each dtrecLLon usually pruduccs plca.~~il-.g IC!<UIL$, Scc 

the GRlll lll&l'-lnl for cumple~ of Úlc cffceL~ of differc'1ll ¡,rld dcn~tlln. 

Grid den:>ily lllo:I.Y be spcctficd by úu: Number nf &rid \u~ alot-.g cach aidc 

of lhe gnd {X or Y). Wbt:n 1his O(ltion ¡, uscd, GRIU wil\ u¡'ldale útc scrttn lo 

reficctthc Distancc bctwcen grid lincs al úLC ncw dcn.<lily. TilC lwo options 

are always synclm:rnil.Cd. 

TI1e Distancc betWC\.11 ¡mi lmcs opuon nllows lhc dciiStty of tltc grid to be 

spcctliai by ÚLC distance betwcen &rid no:J¡,s in X or Y data UJUIS alon¡ c.a.ch 
aide of lhc grid. GRID will .:Kijust \hese valucs to obtain lll intqer rLtmber of 

grid lii'IC5 belwecn lhe rurrcut grid linuts if !lCI:CUary. Al 1.11 clllmplc, UI'U!'IC 

lltc grid limits aloug tllc longes\ sidc of Utc grid rangc front 0.0 lo 7.0. lf 1 

Jistancc of 2.0 is rcquestW, GRID will 41.1just t\11: <.lislance Lo 2.)33 r;incc 2.0 
Wtlltlllt dhld,· inlo 7.0 <'VL'1d). A distaucc of ,!,1)1 IL'l<UIL~ LlL 4 !'/Id ll!Jl'l' 

llto: last oplion allO\lo'S for diJTcrent uruts lll ach dtra:tii.>IL lf Y U!Úts are 

fect a~Ld X Wlilll are iJIC!ICf., thcn ctller 12. sincc 1 root = 12 inchcs. 

Method !\.lenu 

lltcrc are L1JI!I:lllly tltree dlffcrall ¡:.rldl.ling lOL"thod!l nvailable: 

im·cnc disl:lllce, Krigm¡, .m:! Mini.tTI.lm curvaturc. lnven.c llista!ICC' is 
faster tha.n KriguJt!- b.u docs not rcprcsem UIC original data as acwra1cly. 
Minuaun curvarure ts uswlly t11e fastesl ITICilKd. tf !he muim.1m error is noe 
aC'l loo ltn:t\1, aJJ:I will honor orlgin.:ll dala by aellil-.g thc ncarcst grid oode to 

UIC lllta valuc (or avt:ral-e of liLe closc:<t data vatu..::~~J, 

lttvcr.c distaucc UJCS a wc•i¡thtl'-..1 a~•·ragu~g LL'ClUIÍ<JUc' to IILICIJ'Oiatc ¡:.nd tildo 

f101n tl~e X,~/. dala. '11~~: wci¡;ht.s are iltvcncly proponiou.t\ to d.:- disWICc 10 
lhc grid nale. Data poinLS funho:r away from a givrn r.rid oo<lc will llave les!l 

tnflua~~:c. In additiou. 1111: wei¡;hts n~)' t.: raiJl'd lo a power 10 incrusc lhc 

effcet of !he we~glulng fiHJCIÍOIL htverse dtstance squaro.l is ttu: most c.ommon 

~~~eightÍf\!. pow..·r. 

Krlgtn¡ uses gcostaltllltc~l lC'Ciuliquca 10 calrulatc !he autocorteb.tion 
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bciWC'Cll data points an<l pruJuce a 11\liÚJIJ.llll variancc llllbiucd estímate. lu 

lhoory, oo olher gnddil111 rnctl.W can produce mote acruratc CSIÍlllo:l.lC$. 1n 
practice, lhe eJTcctlvl.'l"'IO of h\¡in& dcpcrds upon prO(lCr sclcclton of vuirua 

pa.mllCIC/9. llac pa.l"'mctcrJ 1re dlm~IC'd by GR!Il and n1:1.y not be aacl. Evm 
so, Knging pro.lucc:s n1.1ch more- accurale Tn:tps tl13.0 iltvcrsc IJisl.llJCC, 

Minimum rurvarurc fint uanúm:s all data a110.l sets !he n~arcsl grid 1.We to 

lh:t11lata valuc (or avcrq.c of data valul'S), tl~' honoring lhc data. Note lh.:!l 

th1s n~y not l-LVc satisfactory resuJLS for co:tnc grids or noi'Y data. lñcn. 

Utc \'alues al llLC otl~er gnd nOOcs are cOIIIJllltt'll •o liS to g1vc a gndda.l ¡:urfa.cc 

of minimun rurvarurc thrrugh lhe fiel srid no.tes. ncc.wse or !he rerli\Cti1CDl 

mcthctl uscd, only OOd srid ailc:s are al!~ for Minllnun curvarurc. Ir lhc 

nuúrwn error is a rea.sonable vak.te, eort:~idering lhc ran¡e of 7.-valucs an:1 
requircd accuracy, and ¡ivcn a goal distnt•.nion of data. lhcn tlus melhnd is 
thc faslc:st of lltc tlvce. llowcvcr, ifdata an: po::~rly distnt1ltcd, for 

exanlJliC, ir lhcrc are oo data ovcr a laJKc subrqioo. lhcn lhc rcsults for tha.t 

subre&ÍOil IIIIIY be quite poor, ;ud tllC IIICÚIO.l IIL.lY t-e qtrlle sJow to COIIVCJ¡.C. 

llus mcthod slwld not be uso.:i for c;mnpolation iuto lar¡c rc¡;imL• witllWI 
<lata, as rcsulls an: unpralictablc, and it shwl<l ooly be usru wllh aultm lf 
lhe daLa are quite nolsy. 

Se-.1r~h f\.hnu 
A ~c-3/dl i~ pcrfonncU by GRIIJ to llctcnn\nc which X YZ <lata po:~im~ lo u~c iu Lhc 
cakulallon of tite rurrcnl grid uu.lc 



11. Norm.:~.l ~ean:h will use the N ncaresL dau. pomls ~1'0.100 lhe currcm grid 

na:le thaL are al.lo within lbc specificd search radius. N ts sp:cificd at the 

Number of ncan::sl points: prompl. 

dranl and Ocian! searches are similar Lo Noi'TI!óll seardres Uccpl that 

wrnbcr of IIC<lrcsl poinll and search radius are applicd lo each qu.ldra.nt or 

.~tant respecúvcly. llle9e type or scarches are uscd lo insurc lhat data 
poilllJ fn::m all1ides of lhe grld na:le are used rathcr tha.u from JUSI one 

directioo. 1'hi.s will improve lhe ac:curacy of lhc grid for linearly orienLOO 

"'"· 
1k All option will disabh:: searchiug an:l use all of the i.JlpJL dalll poinLs 
¡.; ealruilue each grid node. This can s¡gnifiearuJy reduee Lhe lllliOJ.nL of 

time requl.f'Di whm a Jarge wmber of elosest poinu are desired 1111yway. A 

tradeoiT is iovolvcd lii Lhat even Lhru¡.h no Lime is spcnl searching, more time 

IUlSL be spcnl Lo use al] of Lhe data poinLS in the gnd calrulation:~. Sce 
k GRID OWJJIII for aamplc:s of lhe di!Terml &earch mcthoxls. 

Limilll Menu 

1k: Limit.s of !he grid rcfcr Lo Lhc XY coordinaLcs of Lhe grid odges. GRID 
will use Lhe limits of lhc original XYl data as dcfaulL values for the grid 

Lunits. 'Tbese values may be overridden Lo crea.le a grid. lhal L.J largcr or 

smallcr Iban Lhe ori¡i.Dal data in areal c:xLenl. Note tlu.L exuapolati011 

111Lsidt the Wila nn&C will occur wbo:n thc grid limits ucecd lhc dato. limHll. 

Sl.llCc Lhcre is no data on thc o.Ullid.C OOgc, thc quallty of lhe cstirmlion will 

dctcriorate. 

Whcn crcalnlg a grid Jmallcr thlln ULC original data, 11 ., po:s~1.blc Lo d!hcr 

includc or c;u:ludc U-.c dalll (W>Ull.s rut.sllic ti1c gnd linul.5 U1 U1c grio..kling 

calculalims. Answenng No Lo lhe DisC~~rd data ruLJide limils: prompt will 
U~~:lude w1Jying data in Lhe griddin¡ pi'OCaS. 

Columna 

ll1e X, Y, ID1 Z columns for griddLng IIl.lY be selc.:tcd, 

For narnple, Lhe X column may be Lhe 2n:l in the dala lile, lhe Y "'hmm m~~y be 

Lhc jth, and lhe Z colunm may be Lhe 9th. In lhÍ!I c.ue, ir thc file has .not 

yd beeD read inr.o thr: worbbcc1, thl:n 9 columns ....;n be lhe dcf;rult for 

aUocatiOIL 11 thc user lw read fewer than 9 colunlru. or allocatc::~ fewcr titan 
9 "'lum!D, or if wy of these columns do not aist in thc data fílc {or do not 

llave J:IIIDI:rical dala), Lheo an enor will resull. 

/. . 
1 F.dit Screen - . 

' it mrde is used Lo mlcr dala from lb.:: lcyboard Numo:rie or label data INY 

erucred. To enler a IUillCric labcl pm:tdc Lhe label with a single or druble 

quote. A column or data 111.1y only be LCJ;I or rumeric; never both. lbe type is 
detemuned alter \he rusl value is erncm:l. in lhe colunn To n:llcl tliC colunm 

type ~n data rrom tbe column !ll.llll be rc:mavoo. 

1be foUowrng kcys m.ay be usa! for aliting: 

Up Movc:<~ block cursor up 1 row 

D~ 

L<R ...... 
PgUp 
PgDo 
Shin·Len 
Shifl-Ri&ht 

u-
Erd 
.!.hifl·IIOIIIC 
Shlfl-Erd 
1 or Ex 

Movcs block cursor dOIIo'fl 1 row 
Movo::a block curser Len 1 column 

Movo::a block OJJ'SOr ri¡.ht 1 column 

Movcs up 1 screen full 

Movc:s dOIIo'fl 1 scn:en full 

Maves Len 5 columns {1 screct~ full) 

Movcs righl .'i colwnns ( 1 scrcm full) 

Movo::a lo lop row in cum:nt column 

Movcs lo bottom raw in current colw1u1 
Movcs Lo fírst colwnn. 

Maves LO 111.!11 "'lwnn 
Rctum! LO lnp.lt meru 

Xtermli Menu 

111e Xtclllóll liiCD.I is uscd Lo read .m exisli:r¡g dala lile mto GRU>'s worUhccl. 

1l1e da1.1o file may be lii cilhcr Tal (ASCU) or Lotus \111\.S or WK 1 forrTlil.ts. 

Worksllect columns are formatlcd for ciUu:r labcl or LJJmCric daLa b.it ncvcr lxlth. 
Afler GRID lw formaltcd a "'lumn for a givcn d:tta Lypc it wtll i&norc any lincs 

m the data me Lhal violale lhc wrn:nl column formal.S. Dccause of Lhis, all 

dalll Ln a giva1 colwnn. !1J.ISL be of lhe s:unc type (labcl or nwucr1c). 

Texl files may be viewal on Lhe scrccn w1lh ll¡e DOS n'PE comrtwJJ and 

consi.st of normal printablc duraclers only. Only as many columns are read 
inlo GRID's WQrksbcel as are allocatod. Ea eh line in Lhc rtle w\11 bcconte one 

ruw in \he worksbcet. 111e data may be separated wilh &paces, tabs, or CO!Uiruls. 

Strwgs rmst be encloscd in SI.Jl&le or dwble quote5 if lhcy CD!Itaiu spaccs, 
tabs, or CO!IVOOJ. 

WKS or WK 1 files are nonmlly ereatcd frotn Lotus 123 or Symphooy. Only u 

many colwnrD 111: read into GRID's worbbccL 11.!1 are allocalal. unlc:~s Auto 

-.calion ., selectcd. lbe data nwl be formaUal in columns; Ll\Cre is no way 
ranspose rows lo c.olurnns. 

Dlock Opcr.ations 

All blocl." opcratiOIIS opcrale ~ a rangc of tclls. A rangc of cclls ., 

specilied by two opposile comers of a rectangular block as i.J1 Al :Dj, In Lllis 

cumple, lhe ran¡e mcludcs ~11 cclls in thc rcclan¡lc wilh Lhc uppcr len 
comer at colwJUL A row 1, D.fl.l tJ¡c lowcr righL comt;r al column B row ~- A 

single ecl1111.1y be spccific:d as in CI2:CI2. 

Inscn will inscrt liLe spa:ilial IOW!I or coh.J.mm into the wor~sllcct. All 

ellisting rows or colurnns wi!l movc down or to thc right to makc room. 

OclcLc wlll dclctc l]¡c spccLfíul rows or columns from U1c wor~shec1. 11.11 

e~isting rows or columns will rnovc up or lcfllo líll in thc dclctcd block:. 
lf Worlo.slicct 15 sclectcd, !he cmirc worlo.shcct will llc dclcu:d and dcalloxato:J. 

Copy cop1o:s 1111 ent1re ran¡e of cell.s Lo anotbcr localtOII 111 lhe wortsluxl. 

The destinatim1 ccll refcrs lo lhc Uf'I'Cr Ldl comer of Ll•c copicd block. 
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Move wil11novc a n1.nge of cc\ls Lo a ncw locatiou. Colunms ani rows will110L 

move in Lo fill Ll1c or~inal bloc\: as in thc dclcte opltOil abovc 

•·ormaL f\hnu 

llte Fonn:d Of'liOII is usod Lo ~pcdfy Lhc form.:~L for tMmcric valua i11 a givcn 

column "l11c f'nllre column 1~ fonuatta.J at on~e. U is not ¡x>Ssiblc Lo fonml 

011ly pan. of a column. 

T..,.Mform Mcnu 

Trllll:lfoml is us«i Lo C~~lculalc a "'lwiUl of data from O or more CI\Íllllll& 

colunuu of data. Tbc calculation is bascd on a user sp:cilícd cquatiOCL llle 

<'qUBLion n1:1y llave ~olunu1 var1mhln corn..,.polo..lill¡!. to UIC colwiUl lcttcn. of U.c 

worii.JI11.•cr. 

AJ Qll <"l<llllpk, COII:<id~r UIC <'\jUallon C ~ A t ,\IN(I\). (;RJil wdl c~lrulatc UIC 

sum or colunu1 A B.ILI Utc sin of colurru1 D, anl place Ll11: rcsull m cohmm C. 
llti.!l proccu will conLU...c for each row Lhal has 1 v¡¡lue in row A and B. Tbe 

cquaL1ons are llOl stol'l'll in Urc worhhttL, so column C in LJ¡e abovc Clample 
wo.tld 1101. be up.JalOO if 1 r;ubscquent ch:l.ngc w.u lll3de lo column A ot O. lf dala 

is ntissil~g fr01n colunu1 A (or R) on sorne rows. LllC'n no CIIIC1.1Ialion will be 

pcrformcd for those rows. 

S:.an ~lenu 

"!be Save option is uscd Lo uve thc wrreru cootents of lhe worbhcct lo a 

disk file. Save files are alwar~ ASCII tCJ;L files.. Colunw are dclimitcd by. 
spacc:!l in \he filn. ard fOW! hy earriage retum<. GRID docs not aukmlllliadly l- _ 
uve Lhc worbhccl. so il is a goal idea 10 pcricd•cally Save the wortshcet 

wlll.'fl malu¡g ni.IDY clungcs. 

Smooth Menu 

ll~ere are currcmly two di!Tercnt sn1oothin¡ mctlllllb availablc in GRnJ Spline, 

smoolhing will OL 1 cubic spline lo Lhe ~~ gñd an:l LnLerpolale .-ldtllonal 

valuo,:, for Ll1e oot¡>.~l grid. lllis f'I:Slllts in 1 dc:nscr ¡nd with Lhe original 

cUta r«>inlll pn:lleNcd. .. ' 

·'· Mauil smoot.hln¡ p.uscs a uscr dc(ulcd smootlt.lng n¡;¡trU ovcr Lhc ~~ grid. 

Uala u11.ler thl: smooth1ng matrU U wei&hlcd an:J averagod lo produce Lhc rutp.~t 

grld, !.incc Lhis opcralLD!l is uLdclinnl at Lhc od¡!.a of tJ¡e gñd, d~e wr~L 
grid will he 1111.11LICr IJ<"Causc of Ur avcragn~g procc:<J. ÜIC WlfUI ¡:rid Wlll 

h11.vc towcr hl¡hs ~Id Lt.lghcr 1~ lh.m tlLC inpJl ¡rid. 

Rlank Menu 

SpcdfiW ponians of lhc grlli lile may be sct 10 a spccill valuc an:l blricd 

duri.J1¡; U~e creatiou of UIC plor. lllankcd arcas will appc11.r 11!1 nat rcgions Ln 

~urfacc plol.!l ano.J will cause JUrrProsion of conlwr LLIICS Ln conlrur m11ps. 

OlanL.cd rc¡ions 11.re spcciliOO hy a aa¡ucncc of X. Y cn>nli.Jli.ICS dc(uring a 
ciOM'd poly¡on. lf thc (W>Iygon docs oot closc, GRID will add a scgll1Cill lo 
clase thc poly&oll Polnou 11<1cs IIIJ.lll uot cross, A blankillg file ~ usiXI 

lo sp:ciry Ute rcgim1 10 blank. Tbc firsl lliiC 15 1 tu:.adcr emL.Jisti.n¡ of Llte 
1111nrb:r of r«>ints 10 follow anl Lhc sidc nJg. lf thc sidc natt is O, grid 

4 1 Jlcadcr 

2 2 Poinl 1 
42 Poim2 

3 3 Poinl 3 
2 2 l'oim 4 

ckmcul.5 rutsKie ll1c r«>lygou are blankcd. Lf Lhc ~1dc 

na¡ is 1, ll1c grid clcmcnts i.n!idc thc polygon are 

blankiXI. lbe enllrc scx¡umce may be rcpcalal any ll.lnrb:r 

of times lo bl.ml uulltple rC'giotu. In Lhc exanrple lo 

Lhe len, Lhe insll.le of a triangular r~:gion w1l1 be 

bl~n~ro. 

Matb Mcnu 

'\ltc Mall1 op1.ion allows two c~isti.ng, identically siz.cd grids lo be eornbino:l 

malhcmaücal!y to fonn a Llrird wlput gr"KI. Lf Lhe giKill are dr!Tcrcnl s\zes 

on disk, a subscl ma.y be re;l(] in so lhat LJ¡e f~.ru~l sizcs are idcnucal. 

An cqualion is uso:J lo SJlC'CLfy how to combine Ll1c two mpul grkls Thc 

c.:¡uation is a fu.uction of 2 variables n:unod A and n lllCIIe vll.nablcs 

cor!Cipon:l Lo LllC two in¡>JL grids. Any of GRJD"s tuilHn functions may be 

uscd in ll1e a¡ualions. 

Matrlx Smoothin11: 

Matrix smoothlng passes 1 smoothtrrg nutrU ovcr an C?.isting grid lo avcra¡c 

LIIOSC grid f'OIIllll IICUL~I GIICIJ grid (W>int lo be •moothttl, l11C matrP. 13 

spccificd by Lho: ti.J.lllber of eolumns ¡¡r.J rDWll m1 cilhcr sidc or Ll~e grid poLnl to 

be smoothcd. a1d Ll~e wcight of tl1c et.,U.cr potnl of lite LlllllliA. 

1J. 



1 2 3 4 j 6 7 In lhe cumple al len. + !lg.llS rqm:saJl gnd noda~, whilc 

1 + + + + + + -> ~·s &n:;l !he o n:prcscrn Lhc smoothing matrix. "Thc grid LS 

2 + l ~ ~ l ~ + -' row1 by 1 columns. lhc slllOOlhllJg matnx is 3 rows by 5 

3 + l l o l l 1- columns. Tbc ¡rid nodc rurrcntly bctng srnoolhro is row 3 

4 + ~ J. x x J. + column 4. {;a.eh gnd node uo:;ler m x will be wcigtned by 

-' + + + + + + + thl: value of thc smoothing m;~¡rix &n:;l avcra,.ed m to obtain 

a rn:w valuc for Utc ccntcl ~orid oodc. Tbc malril! willlhcll 

be ahllkd an:l lhc proccss rcpeatcd 11111il thc cntire gnd is smoothco:J. Noticc 

U111 tlu: ed¡cs of lhe grid are wl:lc(mcd and will be blanl..ed 

Fo1 non-disl4ncc wc!Jhlal smoothnJ&. lhc J. nodc:s wil\ havc a weighl of 1.0 and 

lhc: o node will be as,i¡;ncd thc ccnlcr pomt wc¡¡_hl. Dista.ncc wcl¡;htOO 

smootlting will usi¡n wcl¡;hts lo cach K b.ucd on lhe invcrse of lhc distanCll lo 

lhc eenttr raised to aspcc1fial pcrwcr. 

Spline Smoothlni! 
Sp1mc smooUting lits a wbic spline 10 llii cxi5tmg trid lo intcrpo1atc ncw 
valuC\1 betwccn cxistlng grid nades. Ths mcre:~Scs thc dmsity of lhc gnd 

allowil~& smoolhcr comrurs and surfaccs. Thc X and Y CXpar1StOII faclors rcfcr 

lo thc rwnbcr of points lo insert betwccn cxisling ~rid nades in Ute X and Y 
d~rccliOIJS rcspccllvcly. Spline smoothlng rnay incrcasc the highs arxl lows of 
Utc ori¡.inal grid. 

• • • . • bt Lhc oarnple al len, thc utcris~s rq~~cnr 

thc origmal 3 by 5 gnd Tite na.ks rcprcscmcd 

... •. 
by lhc dou wcrc intcrpolarcd using cubtc splme 

smoothit11,. 1 roint was cakulntOO bctwcen cnclt 111~c 

in Lhc X direction, aro.! 2 r<>in!J wcrc cnlculalcU 

bctwccn cach node m thc Y dirccti01r to g.ivc a 
• • o • • • fmal g1id of 1 rows by 9 colunu1S 

liilhcr !he cxpansion factors or thc ncw rumben; of columns and rows ma) be 

spcc11ied. For Clullllplc, thc X opansion factor may be ~el lo 2 (!he dcfault 

valuc) anl thc 111.1mbcr of rows {Y direclion) may OC set 10 33 /Jowcver. rhe 

Y cxp.m:don factor may not be sct if thc 111.1mber of rows rs ser, as thc:se are 

llll.llulil)' ClCJusiVC. 

Equation Ca.lcul:allon 

UqualiOIIS are spcc:llied using swxlan:l infu notallon iU'll prccakncc rules 

Op.:rator& in on:lcr of dccrcasing p1ccal= are; 

un.try lllll11S 

• 1 nulriplltallon ud dtvmon 

f • lddl\1011 a.txl subtu~tion 

Opcrarors of ~al pn:calcr.:e are cvaluarcd fran Jcn to nght. Parcnlhcsc:s 

m:l.) be usa:! to ovcrridc prcccdctlCc or for darity. 1bc follow~ b.tilt-in 
functions are supporta1; 

acas(J.) 

as in( K) 

Rctums \he are 005ine of ~ in the lill\ge O lo pi 
Tire valuc of l rrosl be bctwccn -1 and 1 

Rctums lhc are sitJC of .l in lltc r.m¡.c -pi/.! to pi/2 
"llJc Vllue of A rJJ.l.SI be bc!WC'CII .J :u).) 1 

alan(a) Ro:-tunJS thc are Lan,.crtl of .l 111 lite r:u~c -pill lo pit2 

at.a•lll)',.l) RctunJS UIC are la.t'l,ent of yh in U1e l:Uif.C -pi Lo po 

cci1(l) Ro:turm lhc snullnt inleger lh:l.t is ,_rcatcr Uun or •"'ll:tl to .l 

Built 111 Hwo:tions (contin.t..:l) 

COS(l) 

cosh(l) 

ap(x) 

fabs(K) 

noor(K) 

fmcd(l!,y) 

jO(l) 

ji(Jt) 

j..C:n.•J 
log(l) 

1ogl0(1) 

tniR:x.y) 

m:u.(a,y) 
pow(x.y) 

r:utdn(1,y) 

r.miu(J.) 

sill(l) 

sinll(l) 

llqM(J.) 

""''' lanh(l) 

)'{!(~) 

yl(l) 

yn(n.~J 

RetunJS the .:o:smc of • 
Rctum:s Uoc hypcrbolic O>SIIIC of .l 
Retums Lhc exponential func1ion of ~ (e to lhc l) 

Rerums UIC absQ]I,Itc valuc of k 

Rewms lhc largcst integ.er h:ss tha.n ol equal lo k 

Rctums lhc noalii:tg poinr rcm.ainler of xfy 
RciUms !he Ba..sel function of lhc lirst ~U"Ii of ordcr 1.ero al k 

Rewms ltJC Bcsscl 1\ux:tim of the fiDt kinl of on:ler one ¡1 J. 

Rctums lhc Bcsscl fun&:uon of thc first kird of order 11 at A 

Rerums lhc Datural logariUun of x 

Rerums thc base 10 losariUun of 1 

Rewms lhc smnller of 1 and y 

Rctums \he largcr of x and y 

Rctums x raiscd to the yth power 

Rctums a nonna.lly distrii:J.ncd (Gauss¡an) r:u-..Jom rll.llnber wilh 

mean x a.nd si.1IIdan:l dcviattoo ). 

Rctums a l.l!l.Íforrnl) dis1rit.Jtcd ra.ndom lll.llllber from lhc mlcrval 

O lo k 
Rctums UIC sine or x 

Rctums thc hypcrbolie sino: of x 
Rctums Lhc square root of J. 

RctunJS Lhc ULngcnl of K 

Rerums lhc hypcrbolic Wlgcnt of l 

Rcrums thc na..scl fwtetiotl of thc 21td JdOO of on.lcr z.cro a1 x 

Rcwms thc Bcsscl li.t.uction of lhc 2rd ldnl of onlcr onc al k 

Rcrums Lhc Bcss.cl Ji.mction of thc 2itd kird of ordcr n :ti k 

Cmdl.lne 

lllc follllo1t or tbc GRIIJ conuna.ud lm.: is: 

wbere optio!l.'l can be any of lhe prograrnrnablc GRID vanablcs !ha! appcar in 
Lhc GRID Cotllltl-1lxl lile. A.ny variables that arf'Cir on UIC corrunand linc will 
ourndc llu:Jsc in thc cornrt'l.1.fd lile. All options rn.tst be ilnmaliatdy prcctdN 

by a 1 or • charactcr. Optlons UJ.ISI be scparated wiUt sraccs or tate. 

Stnngs containing blanU or tabs n11.1sl be encloscd in dwblc quota.. Typ: UIC 

GRID CMD file for a complete \ist of valid o¡>tioo.<~. 

Tite \:ut argwm.'1lt nuy be a file sp..'Cilic.allott for an XYZ daLl file ro be 
~orldde<J. An XYl.data file consists of a.n X,Y, anol Z coon:hllllc w cach llne of 

dtc lile. Ths is Ute s.unc typc as Uml n:ad ln frottl UlC Xtcnt:ll o¡nion in 
the wor~shcet. GRnl wiU r•·ad Lhc lile atd ~utomatic.ally bring up !he 

Rarr.Jom mcrJJ 

E.Y.a.ntplc: GRID /GRDNGL=-'0 /GM-KRJGJNG ll:.'IT.DAT 

GridiO 
Grid files m.:1y be wnllrn 111 onc uf two funnat<; lhn:ll)' 01 A!ICII. 

Uitt:ll)l is rt!Jch fnstcl rud cr~atl!!. ~maller liks. IIOWl'VCI. niuary lila 
cannor bl! IY¡'Ial, WllW. or im¡wmOO mro programs olhcr th.an UIO!Ie by Goldl"ll 

Software. Occ.1USe of Utcsc 1imilalions, lilea uuy be IA.Uf111 as onlirutry 
A.'.C'II tcM lik~ ·n=c liJes ma) lhcn 1>.: impoMlxl into 00110111 :trod oU1cr 

prog.ran•~ for furthcr procc~~in~ or mo: .. h(i~aliOit 

Durint lllf'"Jl, 11 rs J"">!'~lhk lo sr-.·dfY a ~uh-grid within Uw ¡:rid lile, ll1c 
<¡Ul"S\ÍOI\!1 rcrtaining lo firsr n1.J 1a5l roWll atd culurnol~ rcfcr lo Utc lmuts of 

Utc sul>-¡:rid 10 rcad. URUl will cxtracl ouly U1osc r~ :ud colwm111 from UIC 

g.rid lile 1hat compnsc lhc spccifiN sub-¡:rid. 11JC dcfault rangc of 1 lo 32767 

10.ill rcad tlJC cntm: gnd 

l>atlll':llh 
E.1t!CI a r:tUl for aH Ulf'"JI :utd wlp..tl file:; (dat.:t lilcs. gnd frln. etc.). In 
oUtcl words, tlus p:¡th rdcrs lo rhosc liks 1cfcrritl¡ lo Utc uscrs" dat.:t or 

whtcll control rhc gridding of sai¡J data. 
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lllis p1\l1 <.loes nol app1y lo GRID CMD. l"h:t1 is fwllo.J in lhc samc dlrec,o¡y as 
GRrD.EXE 

lf no dtsk dnve 11 Sf".'Cilinl. Lhc currrnlly aclive driw 1.'1 u.~ru 

lf thc dl!~ dnw ts Sf".'CIIícd Wlrh no dorcclorics. UJC currerllly a~tivc 

director)' fot UL:Lt drÍ\'C is uscd. 

lf lhc J'IIIUI spccilicatiotl is deletru or blanhd. thc wrn:nlly actl\·c chrccto¡y 

OS \L~cJ. 

lllcre 11•' 3 rath5 or mto:-rcsl. 

l. l11e p:¡Ut as Sf'!.."CIIicd wtdcr llataPaUt. 

2. Thc p;olh tlled lo •etivatc GRID. 
3. ,,._. currcnlly active dircclol)·. 

lloc bst LS usru only 1f llll." úrst is h1an~ or d.-letl'll. 

.. 
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ESTABILIDAD DE TALUDES 

1.- Introducción. · 

Se conocen con el nombre genérico de taludes, cualesquiera superficies inclinadas respecto a la horizontal 
que hayan de adoptar permanentemente las masas de· tierra. Cuando el talud se produce en forma natural, sm 
intervención humana, se denomina ladera natural o simplemente ladera. 

Cuando los taludes son hechos por el hombre se denominan eones o taludes anificiales. según sea la 
génesis de su formación; en el cone, se realiza una excavación en una formación térrea natural, en tanto que los 
taludes anificiales son los lados inclinados de los terraplenes. 

También se producen taludes en los bordes de una excavación que se realice a panir del nivel del terreno 
natural, a los cuales se les suele denominar taludes de la excavación. 

En primer lugar será preciso analizar la necesidad de definir criterios de estabilidad de taludes. 
emendiéndose por tales algo tan simple como el poder decir en un instante dado cuál será la inclinación apropiada . -. .. 
en un cone o terraplén; casi siempre será la más apropiada la más escarpada que se sostenga el tiempo necesario 
sin caerse. Aqu! radica la esencia del problema y la razón de Su estudio. A diferentes inclinaciones del talud 
corresponden diferentes masas de material térreo por mover y, por lo tanto. diferentes costos. 

De ésta manera, los taludes son estructuras que en general se deben proyectar y construir con una 
mmivación económica. 

2.- Taludes Artinciales. 

Dentro de los taludes anificiales también existen diferencias esenciales entre los eones y los terraplenes. 
Estos últimos constituyen una estructura que se construye con un material ;..lativamente controlado o. que. por lo 
menos en un principio se puede controlar; en los eones, no existe ésa posibilidad. ·Es obvio que tales condiciones 
de fom~ación han de imponer variantes en la naturaleza de los materiales con que se haya de trabajar. en su 
homogeneidad y en su disposición, que bao de reHejarse fundamentalmente en la estructura final a que se llegue 
y en todos los aspectos de su componarniento. 

Otro aspecto que genera confusión dentro de la concepción del problema de "estabilidad de taludes" es, 
el que emana de la extraordinaria complejidad y multiplicidad de lo que ha dado en llamarse "falla ilel talud". Desde_ 
luego no existe un consenso universal en lo que debe entenderse como tal; la gran mayor!a de las fallas de taludes 
se definen en términos de derrumbes o colapsos de toda !ndole, que no dejan duda en pensar que ba ocurrido algo · 
que pone en serio entredicho la función estructural. 

La naturaleza y homogeneidad de los materiales constitutivos son básicos para plantear y definir el 
problema de la estabilidad de un talud en cualquiera de sus múltiples aspectos. 
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3.- Tipos de Fallas más comunes en los Taludes. 

·Se presentan a continuación las fallas más comunes de los taludes. En primer lugar se distiguen las que 
afectan principalmente a las laderas naturales de las que ocurren sobre todo en los taludes anificiales. 

Los fac10res de que dependen la estabilidad de las masas de tierra se pueden agrupar como se muestra en 
la siguiente tabla: 

Factores de que depende la estabilidad de los taludes. 

a) Factores geomorfológicos. 

a. 1) Topografla de los alrededores y ·geometrla del talud. 

a.2) Distribución de las dicontinuidades y estratificaciones. 

b) Factores internos. 

b.l) Propiedades mecánicas de los suelos constituyentes. 

b.2) Estados de esfuerzos actuantes. 

e) Factores climáticos y cmicretamente, el agua superficial y subterránea. 

4.- Fallas Ligadas a la Estabilidad de Laderas Naturales. 

Debido a que éstas fallas no están contempladas de manera directa en la estabilidad de taludes anificiales. 
que es el tema que nos ocupa, únicamente se proporcionará una breve descripción de ellas. -

4.1.- Deslizamiento superficial asociado a falta de resistencia por baja presión de confinamiento (creep). 

Se refiere a ésta falla al proceso más o menos continuo y por lo general lento, de deslizamiento ladera abajo 
que se presenta en la zona superticia! de algunas laderas narurales. 

El creep suele afectar a grandes áreas y el movintiento superficial se produce sin una transición brusca e m re 
la pane superficial móvil y las masas inmóviles más profundas. No se puede hablar de una superficie de 
deslizamiemo. El creep suele deberse a una combinación de las acciones de las fuerzas de gravedad y de otros varios 
agentes. La velocidad de movintiento ladera abajo de un creep tfpico puede ser muy baja y rara vez excede de 
algunos centímetros por año. . 

.. ·.· ,. . ~: ··. __ e,·!·:-:.~~ ·----
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4.2.- Fallas asociadas a procesos de defonnación acumulativa, generalmente relacionadas con perfiles 
geológicos desfavorables. 

Se refiere éste título al tipo de fallas que se producen en las laderas naturales como consecuencia de 
procesos de dofom>ación acwnulativa. por la tendencia de grandes masas a moverse ladera abajo. Este tipo de fallas 
quizá es típico de laderas naturales en depósitos de talud o en otras fomtaciones análogas en cuanto a génesis 
geológica. formadas por materiales bastante homogéneos. no consolidados y bajo la acción casi exclusiva de las 
fuerzas gravitacionales. Muchas veces aparecen en el contacto de éstos depósitos con otros subyacentes. más firmes. 

En mies condiciones, ha de pensarse que la ladera se formó con una inclinación que no puede exceder 
mucho la del equilibrio critico y por ello es lógico pensar que en el interior de la masa existan fuenes tendencias 
al deslizamiento, que se traducirán en deformaciones imponantes de los suelos afectados. 

Dado el largo tiempo en que tales esfuerzos gravitacionales actúan en los materiales del interior de la 
ladera, la resistencia al esfuerzo coname podrá degradarse por procesos de deformación acumulativa y en cíenas 
zonas dentro de la ladera se desarrollan estados de creep profundo. · 

ATijlilllll 

.... ,. ---

· Sapnflde de falla form,.cb m un• ladera natural. 

4.3.- Flujos. 

Se refiere éste tipo de falla a movimientos más o menos rápidos de una pane de la ladera natural, de tal 
manera que el movimiento en sf y la distribución aparente de velocidades y desplazamientos recuerda el 
componamiento de un.lfquido viscoso.' La superficie de desplazamiento no es discernible o se desarrollo durante 
un lapso relativamente breve; es también frecuente que la zona de contacto entre la pane móvil y las masas fijas 
de la ladera sea una zona de flujo plástico. · · 

..... 



5.- Fallas Relacionadas a la Estabilidad de Taludes Artificiales. 

5.1.- Falla Rotacional. 

Se describen ahora los movimientos rápidos o 
prácticamente instantáneos que ocurren en los taludes 
y que afec1an a masas profundas de los mismos. con 
deslizanüento a lo largo de una superficie de falla 
curva que se desarrolla en el interior del cuerpo del 
1alud. interesando o no al terreno de cimenlación. 

Se considera . que la superficie de falla se 
forma cuando en la zona de su futuro desarrollo acrúan 
esfuerzos cortantes que sobrepasan la resistencia del 
materiaL La resistencia que se debe considerar en cada 
caso panicular es una cuesción muy importante. La 
resistencia que se supoñe superada al_ producirse una 
falla rotacional es generalmente la resistencia tnáxima. 
Así pues, en el interior del !alud existe un es1ado de 
esfuerzo~ conantes que vence en forlna mas o menos 
rápida la resistencia al esfuerzo cortante del suelo; a 
consecuencia de ello sobreviene la ruptura del mismo, 
con la formación de una superficie de deslizamiento, a 
lo largo de la cual se produce la falla. 

Las fallas del tipo rolaciooal pueden 
producirse a . lo largo de superficies de falla 
idemificables con suerficies cilfndrica o concoidales 
cuya traza con el plano del papel sea una arco de 
circunferencia (por lo menos, con razollllble 
aproximación, la cual. como se verá resulla muy 
conveniente en el momento en que se desee es1ablecer 
un modelo matemático de la falla, que perrnila un 
cálculo numérico) o pueden · adoplar fonnas muy 
diferentes. en las que por lo general influyen la 
secuencia geológica local,' el perfil estratigráfico y la 
naturaleza de los materiales. 

Desde luego las fallas rolaciooalés de forma 
circular ocurren por lo común en materiales arcillosos 
homogéneos o en suelos cuyo componamiento 
mecánico esté regido básicamente por su fracción 
arcillosa. En general afectan a zonas relativamente 

. profundas del !alud. siendo ésla profundidad mayor, 
cuanto más escarpado sea aqueL Cuando las laderas 
son muy tendidas, las_ superficies de falla pueden 

a) Falla de bue. 

,fo 
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b} falla pc1' d pJt: 4d talu4. 
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d) FaDa Um.Jtadi por un attat.o n~ 

desarrollarse con poca profundidad. Las fallas roladooales circulares pueden ser de cuerpo de talud o de base; las 
primeras se desarrollan sin interesar al terreno de cimeolación, en tanto que las segundas se desarrollan parcialmente 
en éL 

.. 
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Al ocurrir las fallas circulares pueden afectar a masas muy anchas. en comparación con las dimensiones 
generales de la falla, en cuyo caso dan lugar a verdaderas superficies cilíndricas, o pueden ocurrir en fomta 
concoidal, con un ancho pequeño comparado con su longitud. 

Las fallas rotacionales de fomta distinta a la circular t!pica parecen estar asociadas sobre todo a arcillas 
sobreconsolidadas que se presenten en taludes no homogéneos, por diferencias en la meteorización, por influencia 
de la estratificación o por otras causas que se reflejen en discontinuidades o en desorden estructural del talud. 

5.2,- Falla Translacional. 

Estas fallas por lo general consisten en movimientos translacionales improtantes del cuerpo del talud sonre 
superficies de falla básicamente planas, asociadas a la presencia de estratos poco resistenntes localizados a poca 
profundidad bajo el talud. 

La superficie de falla se desarrolla en forma paralela al estrato débil y se remata en sus extremos por dos 
cantiles. fomtados por lo general por. agrietamientos. 

Los estratos débiles que fomentan éstaS fallas son por lo común de arcillas blandas o de arenas finas o limos 
no plásticos sueltos. Con mucha frecuencia, la debilidad del estrato está ligada a elevadas presiones de poro en el 
agua contenida en las arcillas o a fenómenos de .elevación de presión de agua en estratos de arena (acuíferos). En 
este sentido, las fallas pueden estar ligadas al calendario de las temporadas de lluvias en la región. 

Las fallas del material en bloque muchas veces·están asociadas a discontinuidades 'y fracturas de los 
materiales que forman un corte o una ladera natural' siempre en ruiadidura al efecto del estrato débii subyacente. ~ 

. ·-·~ -

· .......... . 

""""'- .. ,¡.,·-. 

- ···-, 

'F,._~ 
·--· 

~ '' . . 
..•. 

Las fallas de una franja superficial son típicas de laderas naturales formadas por materiales arcillosos 
producto de la meteorización de formaciones originales. Se suelen provocar por el efecto de la sobrecarga impuesta 
por un terraplén construido sobre la ladera. En estaS fallas el movimiento ocurre casi sin distorsión. 
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5.3.- Fallas con Superficie Compuesta y Fallas Múltiples. 

Existen tipos de fallas que abarcan movimi"eritos en que se combinau la translación y la rotación. dando 
origen a superficies de falla compuestas en que se desarrollan zonas planas a la vez que tramos curvos, asimilables 
a arcos circulares. 

Así mismo se distinguen fallas que se producen con varias superficies de deslizamiento, sean simultáneas 
o en rápida sucesión. 

5.4.- Derrumbes y Caídos. 

Estas fallas son típicas tanto de las laderas naturales como de los cortes practicados en ellas. Por lo general 
consisten en desprendimientos locales de no muy grande volumen. En estas fallas no puede hablarse de una 
superficie de deslizamiento y el desprendimiento suele estar predeterminado por las discontinuidades y fisuras 
preexistentes. 

5.5.- Otros tipos de fallas, no directamente asociadas a la resistencia al esfuerzo cortante de los suelos. 

Existen fallas por erosión, fallas por tubificación y fallas por agrietamiento. En el aspecto de análisis que 
involucra a los taludes conformados por rellenos simitarios, es muy importante profundizar un poco en las' fallas 

. por tubificación, -

La situación tfpica que expone un terraplén a la tubificación en que por algún motivo aquél embalse agua 
durante un lapso considÚable, suficiente para que se establezca un flujo ·a str través. Que el terraplén embalse es. 
sin duda, una condición que se presenta con relativa frecuencia, pero seguramente es bastanta más raro que el 
terraplén quede durante mucho tiempo expuesto a la acción de agua en sus dos taiudes, con tirante diferente y 
desnivel importante, de nranera que pueda establecerse un flujo con gradiente hidrúlico suficientemente alto para 
generar problemas de rubificación. 

La tubificación comienza cuando hay arrastre de part!culas de suelo en el interior de la masa por efecto 
de las fuerzas erosivas generadas por el flujo de agua. Una vez que las pan!culas empiecen a ser removidas van· 
quedando e"n el suelo pequeños canales, por los que el agua circula a mayor velocidad, con mayor poder de arrastre. 
de manera que el fenómeno de tubificación tiende a crecer continuamente una vez que comienza, aumentando. 
siempre el diámetro de los canales que se van formando en el interior del terraplén. · 

El limite deÍ fenómeno -es el colapso del bordo, al quedar éste surcado por huecos de diámetro suficiente 
para afectar la estabilidad por disminución de sección resistente. 

Un factor que influye mucho a la rubificación es la insuficiencia de compactación en el terraplén, cuando 
ésta afecta a suelos susceptibles. Esta insuficiencia es común, sobre todo en la vecindad de muros o superficies 
r!gidas. tales como duetos o alcantarillas. 

Teniendo en cuenta que las alcantarillas son lugares en donde es cómún que exista tirante de agua y.en 
torno a los cuales es dificil compactar los suelos, se puede afirmar que se' trata de· puntos cr!ticos en cuanto a 

.tubificación se refiere. Alrededor de ellas se deberá vigilar muy especialmente la susceptibilidad de los materiales 
que se empleen. · 

,.~ .. , 

: 

... 

· .. 
.•· 



SUSCEPTIBILIDAD DE LOS SUELOS A LA TUBIFICACIÓN 

Gran resistencia a la 1. Arcillas muy plásticas (lp >15%), 
tubificación bien compactadas. 

.. 2. Arcilla muy plásticas (lp > 15%), 
deficientemente compactadas. 

3. Arenas bien graduadas o mezclas 
Resistencia media a 

.. 
de arena y grava, con contenido de · 

la tubificación. arcilla de plasticidad media (lp > 6%), 
bien compactadas. 

~. Arenas bien graduadas o mezclas 
de arena y grava, con contenido de 
arcilla de plasticidad media (lp > 6%), 
deficientemente compactadas. 

. 5. Mezclas no plásticas, bien • '7 

. ' graduadas y bien compactadas, de 
¡grava, arena y limo con lp < 6%. 

6. Mezclas no plásticas, bien 
. 

Baja resistencia a la graduadas y deficientemente 
tubificación. compactadas, de grava, arena y limo 

con lp < 6%. 

. 7. Arenas limpias, finas, uniformes (lp 
< 6%), bien compactadas. 

.. 8. Arenas limpias, finas, uniformes (lp 
< 6%}, deficientemente compactadas, 
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6.· Métodos de Cálculo de Estabilidad de Taludes. 

Se tratará ahora de presentar un método de cálculo para establecer si un talud en que se piensa será estable 
. en la etapa de proyecto. o para poder revisar la condición de un talud construido y poder juzgar, quizá, de la bondad 
de algún modelo correctivo que se desee emplear. 

Antes de proseguir ha de insistirse en que, todos los modelos materrnáticos que sirven de base a métodos 
de cálculo presuponen una homogeneidad en materiales, estratificación, disposición, circunstancias y modo de actuar 
de los agentes narurales que muy pocas veces se presentan en las obras reales. 

6.1.· Falla Rotacional. Método Sueco. 

Los métodos de análisis limite disponibles para calcular la posibilidad de que se desarrolle un deslizamiento 
de tipo rotacional en el cuerpo de un talud. al igual que prácticamente todos los métodos de cálculo de estabilidad 
de taludes. siguen tres pasos fundamentales: 

1:- Se establece una hipótesis sobre el mecanismo de la falla que se producirá. Ello incluye tanto la forma de 
la superficie de la falla como una descripción cinemática ~ompleta de los movimientos que se producirán 
sobre ella y .un análisis detallado de las fuerzas motoras. 

2.-

3.-

Se adopta una ley de resistencia para el suelo. eon base en tal _ley se podrán analizar las fuerzas 
resistentes disponibles. 

Se establece algún procedimiento matemático de "confrontación", para definir si el mecanismo de 
falla propuesto podrá ocurrir o no bajo la acción de las fuerzas motoras, venciendo el efecto de 
las fuerzas resistentes. · 

- " La razón para que se utilice un método como el anterior es que no se ha desarrollado ninguno satisfactorio 
con base a una hipótesis convincente de distribución de esfuerzos en el interior de la masa del talud. 

En la siguiente sección se describirá el procedimiento matemático. en cuestión, que es el_ método sueco 
aplicado a taludes cuya ley de resistencia se exprese en ténninos de la cohesión y el ángulo de fricción intema·del 
suelo, así como la presión de poro. · 

El método de cálcul~ que se describirá es el método de las dovelas, sugerido por Felleniu~ y arnpli:Únen;e 
empleado en análi_sis prácticos en el caso estático . . 

La descripéión se hará con base en la figura siguiente. 

S 

(al - (e). 
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En primer lugar se propone un círculo de deslizamiento y la masa deslizante se divide en dovelas como ' 
las que se muestran en la figura. En la pane (b) de la misma figura aparece el conjunto de fuerzas que actúan en 
una dovela, cuando la masa deslizante está situada sobre el nivel freático y no se ioman en cuenta fuerzas de agua 
en el análisis. Las fuerzas en cada dovela, al igual que en -Íodo el conjunto d.e la masa deslizante, deben estar en 
equilibrio. Sin embargo, las fuerzas E y S. actuantes en los lados de las dovelas, dependen de las características 
esfuerzo-deformación del material y no se pueden evaluar rigurosamente; para poder manejarlas es preciso hacer 
una hipótesis razonable sobre su valor. 

La hipótesis más simple a éste respecto es que el efecto conjunto de las cuatro fuerzas laterales es nulo y 
que, por lo tamo, esas fuerzas no ejercen ningún papel en el análisis; de hecho ésta fué la hipótesis de Fellenius en 
el procedimiento de cálculo original que presentó, que equivale a considerar que cada dovela actúa independiente 
de las demás y que las componentes N; y T; equilibran al peso W, de la dovela i-ésima (ver figura). 

Para cada dovela se puede calcular el cociente 

el cnal se considera una buena aproximación al valor de u;. que es el esfuerzo total medio actuante en la base de 
la dovela. Con éste valor de u; puede entrarse a la ley de resistencia, al esfuerzo cortante que se haya encontrado 
para el material (por lo general en éste caso, una ley ligada a los esfuerzos totales) y determinar.en ella el valor de 
s,, resistencia al esfuerzo cortante media disponible en el arco L;. . 

Ahora se puede calcular un momento motor en tomo al puma O, centro del círculo elegido para el análisis, 
correspondiente al peso de las dovelas; éste momento será: 

Nótese que la componente nomtal del peso de la dovela N,. no da momento respécto a O por ser la 
. superficie circular y pasar por O su linea de acción. Si hubieren sobrecargas en la corona del talud, su efecto se 
incluiría en la sima de la ecuación. NÓtese también que la suma en la ecuación anterior, es algebráica, pues .para 
las dovelas situadas más allá de la venical que pasa por O, la componente del peso ·actúa en fomta contraria, 
tendiendo a equilibrar la masa. - -

. El mornenio·resistente depende-de la·resistencia al esfu-erzo cortantes, que se desarrolla en la base de"las 
dovelas. Así pues que · 

M, = R 1: s 1 L 1 . ......... 
es una suma aritmética. pues la resistencia siempre actúa en el mismo sentido. 

Calculados Mm y M, se podrá definir un factor de seguridad: 

·- ' 
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Fs = 
M, 

= 
Mm 

El método de cálculo desemboca naturalmente, otra vez, en un método de tanteos, siendo preciso encontrar 
el círculo critico, con el factor de seguridad mínimo. Se deberán analizar tanto los círculos de falla de pie del talud 
como los de falla de base. · 

En la ingenieria de suelos es común aceptar en éste caso factores de seguridad de l. 2 o l. 3 en los casos 
nomtales y de l. 5 cuando se desee tener mayor seguridad en la estabilidad; éste último es el valor que por lo común 
se recomienda en la literatura para taludes en general. 

Con frecuencia se presentan en la práctica taludes formados por suelos estratificados. La masa deslizante 
se podrá considerar dividida en dovelas, dibujadas de manera que ninguna base de dovela caiga entre dos estratos, 
sino que cada dovela caiga sobre un sólo material. El peso de la dovela deberá calcularse con sumandos parciales 
multiplicando la pane del área que caiga en cada estratÓ por el peso volumétrico correspondiente. 

31 2 
1 
t 
1 ;tO 1 =O I 

Aplicación del Método Sueco ·a taludes en aue. 
lol esuadficadoe. 

:J.:." 

"" :;~ 

El problema se puede resolver utilizando para cada dovela la ley de resistencia al esfuerzo conante que 
corresponda, de acuerdo con la naturaleza del material. · 

El resto del desarrollo del método es análogo enteramente ái · qÚe se vió para taludes homogéneos. El 
problema se deberá resolver siempre por tanteos, p11es para éste caso no hay gráficos de uso común. La búsqueda. 
del círculo se podrá facilitar bastante si hay estratos mucho menos o mucho más resistentes que los demás; en el 
primer caso, es probable que el cfrculo critico sea el que tenga el máximo desarrollo en el estrato débil; en el 
segundo .. probablemente será tangente al estrato resistente, pues al penetrar en él se incrementarla mucho la .. 
n::sistencia media. -

6.2.- Casos Distintos. 

Debido a la cona duración de éste curso. no se podrá profundizar en los casos en que el aDálisis haya que 
hacerse con esfuerzos efectivos, para taludes si ruados total o parciamente bajo el nivei freático o sometidos a una. 
C()ndición de flujo. Éste tipo de análisis habrá de efectuarse con base en esfuerzos efectivos, que se obtengan de una 

-"'", :. . ..:. 

' 
'· 
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prueba triaxial con consolidación y con drenaje (lenta) o con consolidación y sin drenaje (rápida consolidada), que 
se realice con medición de presiones de poro en el plao de falla en el instante de la falla. 

7.- Factores que Producen Fallas de Estabilidad de Laderas y Taludes. 

Con frecueñcia las propias manipulaciones del ·ingeniero pueden . ser fuente de graves problemas de 
·estabilidad de taludes: la lista que se proporciona a continuación es una reseña de los procesos constructivos que 
más comuruneme causan problemas. 

1.- Modificación de las condiciones óarurales de flujo interno del agua ·a1 colocar rellenos o hacer zanjas o 
excavaciones. 

2.- Sobrecarga de estratos débiles por relleno, a veces de desperdicios.· 

3.- Sobrecarga de terrenos con planos de estratificación desfavorables por ·relleno. 

4.- Remoción, por cone, de algún estrato delgado de ·material permeable que funcionara como un manto 
natural drename de estratos de arcilla snave. 

5.- Aumento de presiones de filtración u 'orientaciones desfavorables de fuerzas de filtración al producir 
cambios en la dirección del fl.ujo interno del agua, por haber practicado eones o construido rellenos. 

6.- Exposición al aire y al agua, por cone, de arcillas duras fisuradas. 

7.- Remoción de capas superficiales de suelo por cone, lo que puede causar el deslizamiento de capas del 
'mismo estráto ladera arriba. sobre mantos subyacentes de suelo más duro o roca. 

8.- lncrementode cargas hidrostáticas o niveles piezométricos bajo la superficie de un corte al cubrir la cama 
del mismo con una capa impermeable. · 

.·--

,, 
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4. MÉTODOS DE SOLUCIÓN DE 
ECUACIONES LINEALES 

4.1 Métodos Directos de Resolución de Sistemas de Ecuaciones Lineales 

Un muy bien conocido método directo para solución de sistemas de ecuac1ones 
lineales de la forma 

¿ {P(l,J) X F(J)} = G(l) (l=i...N) 

es el método de eliminación Gaussiana. En este método la primera ecuación es usada para 
expresar la primera variable en términos de todas las otras variables, entonces la primera 
variable es eliminada de todas las ecuaciones subsecuentes. Queda un sistema de N-1 
ecuaciones con N-l variables; el proceso puede ser repetido hasta que solo una ecuación con 
una variable quede. Esta ecuación puede ser fácilmente resuelta y entonces las ecuaciones 
previas pueden ser resueltas en una serie de sustituciones hacia atrás. 

4.2 Métodos Iterativos de Resolución de Sistemas de Ecuaciones Lineales 

En esta sección se presenta el método iterativo de Gauss-Seidel, con el énfasis 
puesto en la ejecución en una computadora pequeña. La teoria del Método puede ser 
encontrada en libros de texto de análisis numérico. El sistema de ecuaciones lineales será 
escrito como: 

¿ {P(I ,J) X F(J)} = G(I) (1 =l... N) (4.2.1) 

donde la sumatoria debe ser ejecutada desde J=l a J=N. 

En el método de Gauss-Seidel una solución inicial estimada es continuamente 
actualizada corrigiendo la /-ésima ecuación modifical)do la variable l. La estimación inicial 
puede ser arbitraria, por ejemplo, F(l) = O para todos los valores desconocidos de F(l). En 
forma alternativa, se puede hacer alguna estimación razonable para las incógnitas. En 
general la ecuación. ( 4.2.1) no será satisfecha por la solución estimada. La variable F(l) será 
corregida por una cantidad DF(l), de mido que la ecuación 1 sea satisfecha. Si la solución 
estimada es representada por FA(/), esto significa que 

¿ {P(I,J) X FA(J)} + P(l,I) X DF(l) = G(I) 
La corrección de la incógnita DF(l) puede ser despejada de la ecuación 

DF(l) = [ G(/)- L {P(l,J) x FA(J)}]j P{l,I) (4.2.2) 

El algoritmo Gauss-Seidel consiste en la ejecu~ión repetida de la ecuación (4.2.2) para todos 
los valores de l. Puede ser demostrado que el proceso converge si la matriz es positiva 
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definida. La convergencia es razonablemente rápida si la diagonal principal de la matriz es 
dominante. 

El algoritmo de Gauss-Seidel puede ser ejecutado por la siguientes propos1c1ones en 
lenguaje de programación BASIC: 

1000 FOR K=1 TO NI 
1010 FOR I=1 TO N 
1020 A=G(I) :FOR J=1 TON: A=A-P(I,J)*F(J) :NEXT J 
1030 F(I)=F(I)+A/P(I, I) :NEXT I:NEXT K 

El número de iteraciones es NI, el cual a menudo es asignado con la magnitud del 
número de ecuaciones N. Algunas veces el número de iteraciones necesario puede ser 
mayor, especialmente si la diagonal principal no es dominante. Entonces un método 
diferente puede ser más eficiente. 

Una variante del algoritmo de Gauss-Seidel es el método de Jacobi, en el cual todas 
las correcciones son calculadas primero, y entonces todos los valores de F(I) son 
actualizados en un paso. Esto puede ser ejecutado por las siguientes lineas: 

1000 FOR K=1 TO N 
1010 FOR I=1 TO N 
1020 A(I)=G(I):FOR J=1 TO N:A(I)=A(I)-P(I,J)*F(J):NEXT J,I 
1030 FOR 1=1 TO N:F(I)=F(I)+A(I)/P(I,I):NEXT I:NEXT K 

Este procedimiento requiere un mayor tiempo de cálculo y usa más memoria a causa 
de que el vector de incrementos tiene que ser almacenado. La convergencia es más lenta. Es 
por esto que el método de Gauss-Seidel sea usualmente preferido excepto por propósitos 
especiales. 
La experiencia práctica con el método de Gauss-Seidel ha demostrado que la convergencia 

puede ser mejorada multiplicando la corrección en cada paso por un factor algo mayor que 
1. Esto significa que en cada paso el error no se hace igual a cero, sino que por un impulso 
extra se hace que cambie de signo. en anticipación a futuras correcciones. El factor, llamado 
factor de sobre-relajación 'debe ser menor que 2 y, al menos, igual a 1 . El algoritmo ahora 
es el siguiente: 

1000 FOR K=1 TO NI 
1010 FOR 1=1 TO N 
1020 A=G(I) :FOR J=1 TON: A=A-P(I,J)*F(J) :NEXT J 
1030 F(I)=F(I)+R*A/P(I,I) :NEXT I:NEXT K 
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4.3 Método Implícito de dirección Alternante (A DI). 

Consideremos la ecuación en dos dimensiones transitoria para un acuífero confmado: 

ifh iJh S Oh 
--+--=--
Ox1 oy' T t3t 

(4.3 1) 

Para el caso especial .1x = Lly = a, la aproximación de diferencias finitas completamente 
implícita es: 

S 2 h' -h0 

h' +h' +h' +h' -4h' = ...!!___ •. ¡ '·' 
1-I,J I+I.J l,j-1 l,j+l 1.) T llt (4.3.2) 

Poniendo la incógnitas del lado izquierdo de la ecuación y los valores conocidos a la 
derecha: 

h , h' h' h' -4 a ' - a '·' + + + . + --- ------( 
S 2} S 2 h0 

1-I,J I+I,J I,J-1 l,j+l Tót l,J T ó.t (4.33) 

La base del método Implicito de dirección Alternante (AD!) es obtener una matriz de 
coeficientes tridiagonal escribiendo alternativamente las ecuaciones de diferencias fmitas 
primero implícitamente a lo largo de las columnas y explícitamente a lo largo de los 
renglones y entonces viceversa. Las ecuaciones que resultan son: 

h' 4 a h' h' - a •.f h0 1 ° +- --- + ------- - 1 ( 
S 2) S 2 J¡0 

I,J-1 Ttlt 1.) I,J+I T !lt l-l.J 1•1,} 
(4.3.4) 

~ .. 
. 

h' + -4-~ h'. +h'. =-__!!__~-h0 -h0 

( 
S 2

) , S 2 h
0 

¡-\., Tllt '·' ,.,,, T ll.t l.)•i '·1 - 1 (4.3.4) 

., 

~ 
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38· GROUND WATER MODELS 

rABLE 2.1 A Summi.lry of the Processes lmportanl in Dis.solvcd Contaminant 
Tr:msport and Their lmpact on Cont;:uninant Sprcading 

Proccss 

Ma.u trmHport 
l. Advcction 

2. Diffusion 

3 Di~pcrsion 

Chemical mn,.,_., tnm.ifcr 
4. Rad,oactivc dccay 

5. Sorption 

6. Dissolution/ 
prccipitation 

7. Acid/ha~c 

TCJ!.:IÍIIR\ 

Dcfinition 

Movcml'nl of mase; a-. a 
COO!>Cl!llCRCC of gmund 
water now. 

Mac;c; <..prcadin~ duc In 
molecular (hffuc..ion in 
fl'"f'MIIl'-C In com:cnHation 
gradicnt ... 

Fluid nuxing duc to cflccl!'. 
of unrc.;;(ll\'ctl hctcro
gcnciiiC., 111 thc pcr
mcahdity di".!r1hution. 

lrrcvcrc;iblc decline in thc 
acti\'ity of :1 r<1diunuclidc 
through a mH.:lcar 
rcaction 

Part111oning nf a (IJOiaminant 
hctwccn thc grnunLI "atcr 
and mincr:d or nrganic 
o;.nlid.., in !he uquifcr. 

Thc prilCC<;'- of adding 
C(lnlaminanl<; 10. or 
rcnwving thnn from. 
o:;¡liU!hln by rca(!i(ln<; 
dio;;<.~ll\111~ tll t rcating 
\;lfl(liJ<, !-ll!Jd .. 

Rcaction<; inn1lvm(! a 
tr;m..,kr ol proton.., tll' ). 

1 mpact on T ramport 

Mo!'l importan! way of 
tramporling ma<;o; away 
from !'OUTCC. 

An allcnumiun mcchani::;.m 
of ~ccond nrdcr in rno~t 

Oow '}''-!Cm .. whcrc 
:Hh·cction and di.,pcr~•on 
dominatc. 

An aucnuatinn mcchanio;;m 
th:ll reduce<; contaminan! 
conccntration in thc 
plumc_ llo"cvcr. 11 

!'prcad., In a grcatcr extcnt 
than predicted hy 
advection <tlone. 

An impm1ant mechanio;;m for 
cnntmninant :menu:Hion 
when thc half-Jifc fm 
decay jc;, compara!"lle te or 
lc:>.o;. than thc rco;;1dcnce 
time of thc now <..y"'em 
/\ho aLid .. nunplnity m 
pwduction of dau~;htcr 
producto;;. 

An i111portant mcchani<;.m 
that reduce<; !he ratc al 

which thc cnnt;munants 
ore orr•m:ntly muvin~. 
Makcs it more difficullto 
rcmovc contarnination al a 
si te. 

Contaminan! precipit::llion is 
an importan! ancnuatinn 
mct·hani<..m that can 
conlrol thc nmccntration 
of cPnl;nnin,HH m 
solutiun. Snhlllllll 

conccntratulll 1<. m;1inly 
contwllnJ Clthcr ;¡1 thc 
c;ourcc <H al a rcactum 

front. 
Mainly an indircct comrol 

un cuntaminant tran .. port 

by controlling !he pH of 
ground w;llcr. 

MODELING OF PROCESSES 

},-~~BLE 2.1 Cominued 

Process Dcfrnition 

8. Complcxation 

9. Hydrolyc;,io;/ 

SUbSIIIUtion 

10. Rednx rcactions 
(biodegradation) 

Comtlination of cations and 
anion!' to fonn a more 
complcx. ion. 

Reaction of a halogenatcd 
organic compound wilh 
water or a componen! ion 
of '-''atcr (hydrolysis) or 
with anothcr anion 
(substitution). 

Reactions lhat involvc a 
transfer of electrons and 
includc elcmcnts with 
more than one oxidalion 
statc. 

Biologicalf.'.' mediated ma.u trmr.ifer 
11. Biological Reaclions involving the 

transformalions degradation of organic 
compounds, whose rate is 
controllcd by thc abun-' 
dance of thc microorgan
isms and redox conditions. 

lmpact on Transpon 

An importan! mechanism 
re~uhing in increa.,cd 
solubility of metals in 
g:round water. if 
adsorption i.s not 
enhanccd. Major ion 
complualion will increase 
the quantity of a !'Oiid 
di!'o;.nlvnl in !'nlutiun. 

Oftcn hydrolysislsubstitution 
reaclion.s make an org:mic 
compound more susccp
tihlc lo biodcgr::Jdation 
and more soluble. 

An ex.trcmely importan! 
family of reactions in 
retarding contaminan! 
spread through the 
prccipitation of mctals. 

lmponant mcchanism for 
contaminan! rcduction. but 
can lcad 10 undcsirable 
daughtcr producto; 

The close relationship between advective transport and ground 
water Oow means that the factors considered for Oow, the location and 
quantity of the inftow and outftow to the ftow system, the hydraulic 
conductivity distribution, and the presence of pumping/injection 
wells also play a major role in determining where contaminants mi· 
grate. Indeed, the process of advection is oRen so dominant that 
the mean velocity predicted by Oow models can be used to estimate 
patterns of contaminant transport with surprising accuracy. 

Diffusion 

Dilfusion is an important process tbat resulta in mBSs m1xmg. 
Diffusion is mass transport in response to a concentration gradi
ent. Thus contaminants present in a plume will dilfuse away from 
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rABLE 2. A Summary of the Proccsses lmpor1ant in Di!\solvcd Contaminan! 
Transpurt and Thcir lrnpacl on Contaminam Sprcading 

Mm:r; tramp011 

l. Ad~·cction 

2 Diffus10n 

3. Di~pcr~ion 

Clu•mic o/ maH tumifrr 
4 Radtoactivc dccay 

5. Sorption 

h IJi~'olutiun/ 

prccipitatinn 

7. Acidlbao;c 
reactiom. 

Dcfinit•on 

MtlVcmcnl of m;a.,c; ;¡c; a 
con,cqucnrc of !!HIU_nd 
water nov.o_ 

Mas" .-..prcadm¡! duc lo 

molecular diffusion m 
rcsponc;c lo conccnlration 
f!T:.!d!COIS. 

Fluid rni:\ing duc lo cffccts 
of unrco;olvcd hctcro
gcncitico; 111 thc pcr
mcabtlity J¡c;trihution 

lrrcvcr"ihlc d.cdinc in thc 
acllvity of a radionuclidc 
thwugh a nuclear 
rcaction. 

I'<U11!Hlf1Ínp of a contaminan! 

hctwccn thc ground -...atcr 
;md mlncr;ll nr or~anic 
"olid<. 111 thc :Jqu1fcr. 

·1 he pwl'c.,., ol ,1dt1111!! 
ctmt.uninantc;, to. 111 

rcmn\'ill,!! thcm frorn. 
<,ohlllOil hy IC:JC[Hlll<; 

d1~~Pinn~ nr ucatmg 
\,mou<, <,olld". 

Hcactions 111\'ol\'ill!! a 
!r:Jm.fcr of protons IH .. ). 

lmpacl on Tramport 

Moc;.l imporlant way of 
tran<.,porting ma.-.-. away 
from sourcc. 

An ancnuation mcchani<;m 
of <.,CCOnd nrdcr Ín lliOSI 

now systcm<;, whcrc 
ad\'CCII<lll and di..,pcrsion 
domimtlc. 

An allcnuation mechanio;;m 
thal reduces contamin:mt 
concentratinn in !he 
plume llowe\'er. it 
sprcad-. lo a grcaler extcnt 
than prcdicted hy 
advectiun alonc. 

An impor1anl mcchanio;;m for 
contaminan! allcnuation 
whcn thc h::~lf-hfe ror 
dccay io;; compar al'llc IC' m 
leo;;<; than thc rcsillcncc 
time of !he flow S)<.,ICIIl. 
Al~n .nltl-. cmnplc:or.ity in 
produl'l1on 11f d;IU!'hter 
prtl<IUCI<; 

An unpP11;mt mcchanÍ'-111 
that reduce.-. thc ratc al 
v. hich thc cnnlaminant~ 
are ¡¡pp:ncntly mo\'ing. 
Makc-. 11 more diff¡cult to 
rcmo\·c contamination al a 
o;;itc. 

Ctmtamin;mt prccipllation is 
an importan! allcnu:Jtion 
mcch;mi..,m th<Jt c:Jn 
conllol the C'lliKCntratinn 
of rmlt:mlllwnt 111 
sol u! lt 111. .So 1 ut ion 
conccntration ¡., mainly 
contrllllcd eithcr al thc 
sourcc or al a rcaction 
front. 

Mainly an imlirccl wntn1l 
on contaminan! lran~por1 
by controlling thc pll of 
ground water. 

._.,. 

MODELTNG OF PROCESSES 

TABLE 2.1 Cominued 

Proccss Dcfinition 

R. Complcxalion 

9. Uydrolysi-.1 
substitution 

10. Redox reaction-. 
(biodcgradalion) 

Combination of callon.-. and 
amon' lo ftmn a more 
complcx ion 

Reaction of a tmlogenatcd 
organic compound with 
water or a componen! ion 
or water (hydrolysis) or 
with anothcr anion 
(substl!ution). 

Rcactions thal involve a 
lransfcr or elcctrons :md 
includc clemcnts with 
more than onc oxidation 
state. 

Biolo¡úcally nredimed ma.u rramfer 
11. Biological Reactions invol\'ing the 

trano;;formations dcgradation or organic 
compound'i. whoo;;c rate is 
controlled hv thc abun
dancc or th~ microorgan
isms and rcOOx conditions. 

lmpacl on Tran~port 

An importalll mech::mio;;m 
rc.,ulting in innca'-Cl1 
solubility of mctals in 
gruund water. if 
adsorption is not 
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cnhanced. Major ion 
complexation will increase 
thc quantity ora sol id 
dissolved in solution. 

Oftcn hydrolysis/substitution 
reaclions make an organic 
compound more suscep
tible lo hiodcgradalion 
and more soluble. 

An exlrcmcly imponant 
ramily of rcaclions in 
rctarding. contaminan! 
sprcad through thc 
precipitation of mctals. 

Importan! mcchanism for 
contaminan! rcduction. but 
can 1cad lo undcsirable 
daughtcr producls. 

The close relationship hetween advective transport and ground 
water How means that the factors considered for How, the location and 
quantity of the inHow and outHow to the How system, the hydraulic 
conductivity distribution, and the presence of pumping/injection 
wells also play a major role in determining where contaminante mi
grate. lndeed, the procesa of advection is often so dominant that 
the mean velocity predicted by How models can be used to estimate 
patterns of contaminant transport with surprising accuracy. 

Diffusion 

Diffusion is an important process that resulta in mass mixing. 
Diffusion is mass transport in response to a concentration gradi
ent. Tbus contaminante present in a plume wiU diffuse away from 



EDITORIAL 

DIFFUSION: THE SOURCE OF CONFUSION? 

by Warren W. Wood' 

Si te charactenzation and rcmediation of contaminated 
ground water ha ve been driving the growth of ground-water 
hydrology in North America since the middle 1970s and 
somewhat later m other arcas of the world. This activity 
resulted from the concern of citizens about contaminated 
ground water and has been codified in a variety of govem· 
ment regulatory acts. laws, and policies that stipulate or 
imply that water from contaminated aquifers must be 
restored to background or drinking water levels. 

This regulatory process has created an army of ground
water hydrologists. After 20 years of feverish activuy and 
billions of Dollars/ Marks/ Franks/ Pounds Sterling, what 
has been the benefit to society? Not much in the way of 
remediauon! We have ach1eved widespread characterizauon 
of contaminated aquifers, but minuscule progress in restor· 
ing thcm, which was and is the ultimate goal ofthe citizenry. 
The conccntrauon of contaminants in ground water at rnost 
affected si tes has remained signilicantly above background 
levels. The fa.¡lure is not the result of lack of effort, as 
pump·and·treat and other technologies have been applied, 
but have gene rally resulted in little success. 1t is a growing 
conscnsus among the research community that much of the 
inability to achicvc cleanup to the level desiredfrequired is 
the result of the failure to recognize the role of diffusion in 
the process. That is, we have developed sorne clever and 
useful in situ, flushing, and extraction technologies that 
remove salutes from the larger flow·responsive pare spaces 
but ha ve not generally addressed the poten ti al flux and mass 
of contaminants stored in the aquifer matrix and released to 
these pores by diffusion. 

Diffusion into the skeleton framework, or matrix, of 
the aquifer occurs along grain boundaries and mineral frac· 
tures in crystalline rocks, in blind pores, and in the interiors 
of many individual grains or rock fragments in sands and 

1 
Warrcn W. Wood is thc Editor-in-Chicf of Ground Water. 

Thc vicws exprcssed here are the author's and not neccssarily 
those ofthe AGWSE. NGWA, and/or the Ground Water Publish· 
ing Company. 
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gravels. Effective diffusion coefficients, independent of 
sorption, generally range from 1 X 10" 10 to 1 X 10" 11 m'/sec 
depending on the media, with the larger value more applica· 
ble to clastic sediments and the smaller values related to 
crystailine rocks. This range largely reflects the difference in 
porosity and tortuosity between types of aquifer materials. 
Beca use diffusion is driven by the concentration gradients, it 
is my (and l believe conservative) estímate that it will take 
twice as long to remove the offending contaminant as the 
time it has been in the aquiÍer. Thus, if a contaminant has 
been in the aquifer 20 years, it will take at least 40 years of 
treatment to get concentrations down to background levels. 
This estímate is largely independent of the technologies used 
to remove material from the active-flow interstices. 5...;, 
under ideal conditions ofinstantaneously removing the~"~~·~ 
taminating source from the active-flow interstices. it ~¡j¡ 
lake as long to clean up the system as the contamination has 
been in the system. Theoretically, one could envision chang· 
ing temperature, thermodynamic activity, or other proper· 
ties of the matrix or contaminan! to accelerate back· 
diffusion, but this does not seem economically viable at 
present. 

Assuming that the diffusion argument made abovc;: is 
correct, and knowing that we have finite resources availablc 
(or remediation-what should be the correct regulatory 
response? Should we "kili al! the lawyers"? Should we 
abandon attempts to clean up existing contaminated sites 
but make future pollution so expensive that it will be eco
nomically prudent to avoid it? Do we go forward with our 
different cleanup technologies acknowledging that it is 
going to take longer and be more costly lhan we originally 
envisioned? Do we resort to a monitoring philosophy and 
only clean the water if it is to be used? Do we avoid the 
diffusion problem by treating only the most recent contami· 
nation sites where diffusion effects are likely to be minimal? 

With this new paradigm on the nalure of the problem, 
it is time for fundamental reevalualion of the aquifer 
cleanup process. This is a complicaled social/political prob
lem that is site·specilic. What is needed is understanding. 
llexibility, and recognition by regulators and legislatoq:, ,· 
the magnitude of the problem and the finite resources W>"" 

able for its remediation. 
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Chapter 11 

.s¡S 1--tOCOG 1 fJ, 
v'~q 

ANALYSIS FOR THE MULTIPLE·DIPPING-LAYER STRUCTURE: A 
COMPUTER PROGRAM 

Titis chapter contains a computer program by wtuch to salve the dipping 
!ayer problem of refracnon setsmology for any number of layers. Chapter 1: 
describes an equivalen! procedure for use wtth slide rule or desk calculator. 
Chapter 13 provides the theory underlymg both of these methods, and descnbes 
how to compute theoretical refraction travel-time graphs for an :1rbitrary number 
of dipping layers. For the three-dippmg·layer problem, a simple approximate method 
is given in Chapter 9. 

The interpretation of refraction seismic data always starts from sorne 
simplified model of !he subsurface structure. This model may be very stmple 
indeed, such as a horizontal !ayer overlying a higher-velocity substratum. We call 
this a two-layer model. More complicated models may include multiple layers, or 
dipping layers, or faulted offsets, or velocity gradients. In all cases, however, the 
interpretation procedure goes as follows: 

(1) Assume a model. making it as clase to the expected subsurface 
conditions as possible. 

(2) Compute the expected refraction travel-time graph. 

(3) Show the relanonship between parameters of the structure (depths, 
dips, velocittes, etc.) and parameters of the travel·ttme graph (slopes. 
intersection distances, intercept times, etc.) 

( 4) Check that the field data yield an observed travel-time graph which 
looks re:ISonably like the expected travel-time graph for this structural 
m o del. 

(5) Read the parameters of the observed travel·time graph and compute the 
parameters of the structure from the relationships in (3 ) . 

A simple example of this is the horizontal two-layer structure shown in Figure l. 
The velocities V 1 and V:! for the subsuñace structure are shown to equal the 
(reciprocal) slopes of the two line segrnents on the travel-time graph. The depth 
to the boundary is computed from the intersection distance Xc for the two line 
segments as 

Copyright, 1984, Harold M. Mooney 
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We will now give a method of solution for a very general model which is 
capable of handling a large fractJOn of the interpretation problems oi eng1neering 
seismology. This model consists of an arbitrary number of constant-velocity 
layers. Each of the boundaries between layers may dip at an arbitrary angle. 

This general model includes many spec1al cases of pract1cal importance. A 
few of them are shown in Figure l. such as the horizontal two-layer problem. etc. 
(Note that any horizontal layer problem is a special case of a dipping layer 
problem, where the dips are zero.) 

Figure 1 also shows the nomenclature which describes the subsurface model. 
Velocities are g¡ven as V 1, V 2 ,V 3, V 4, etc. Layer thicknesses are given JS H. and 
depths to the bottom of layers as D. The letters A and B show the two end 
points of the se1smic profile wluch IS to be interpreted. For the dipping layer 
structures, !ayer thicknesses are given as HA at posiuon A and HB at position B. 
and similarly for DA and DB. 

HORIZONTAL DIPPING 

V, T wo- Loyer 
0~------'--

Vz 

Three - Loyer 
V~ H~ 

D~ ' 
Vz Hz 

Dz 
1 

v3 

DA,·· 

A B 

v~ 

A 

HA, 
V, 

~-

HAz 
Vz 

H9, 
--··DB, 

B 

Figure 1: Subsurface mode1s for seismic interpretation. Only two-layer and 
three·layer mode1s are shown, but the general case may include any 
number of layers. The symbols for multiple·layer models will follow 
the same pattern shown here. 

Dip angles for the boundaries are given as w2.w3,W 4, etc. The sign con· 
vention is as foUows: A posirive va/ue [or W means rhar rile boundary is d1ppmg 
upward [rom A roward B. as shown in rhe Jlgure; a 11egarive ralue for W rherefore 
means :har rhe actual dip is downward from A roward B. 
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This proposed model is very general, but 11 does have sorne hmitatlons. The 
actual subsurface condit1ons must satisfy these umitations, at least to a rough 
approximation. or else the resulting ¡nterpretations wlll contam senous errors. 
These limitations mclude: 

( 1) The velocny within each !ayer 1S approx¡mately constan t. 

(~) Each success¡ve !ayer has a higher velocity than the one above 11 (that 
!S, there are no velocity invemons 1. 

(3) The boundanes between layers are plane. although not necessanly 
horizontal. lf a boundary has an Irregular suriace. then th< computed 
solution will give a plane surface wh1ch smooths out the ¡rregularltles. 

We now consider what the observed travel-time graphs from the field data 
should look like. First of all, the se1smic pro file must be reversed. that is, two sets 
of observations must be taken in opposite directions along the se1smic profile line 
AB. For example. a geophone would be pla.:ed at A. and readings would be taken 
for impact statlons between A and B. The geophone would then be placed at B. and 
readings would be taken for impact stations from B back to A. Since the line AB 
is common to both pretiles, it is customary although not essent1al to put both 
sets of data on the same graph sheet as shown in Figure 2. 

must be ea u a 1 'r' T2 
' / 2 

..... / .... / .... / .... / .... / ..... 
must be equal / ..... 

/ 
1 T~ T3 .... / 

V83 --- VA3 
TAI3 --- --

T81 3 

VBz 

..... 
/ .... 

/ ..... 
VA¡ vs~ 

..... 
TAI2 

.... 
TBI 2 

Total spread distance X 

A 

Figure 2: Expected travel-time graph for a structure consisting of three dipping 
layers. A similar pattem of symbols wou1d be used for structures 
with more or 1ess 1ayers. 
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Figure :! illustrates the nomenclature whc·:h ts used ro descnbe the observed 
trave1-t1me graphs. The example in Figure e " 'or J dipping three-layer structure. 
The first-arrival data measured from position .-\ are defined by three stratght·line 
segments. The (rectprocal) slopes of rhese lines are called jpparent velociries a~d 
are designated by symbols VA ¡.V A:. and VA~. The second and third hne 
segments are extended back to the left and intersect the axts at mtercept ttmes 
TAl: and TAl 3· Similarly, the apparen t veloclties measured from posi tion B are 
labelled VB¡. VB:, and BVB3, and the time intercepts are TBI: and TBJ 3. 

In general, the number of line segments will be equal ro the number o( 

layers. For the two-layer case, for example, there would be only two apparent 
velocities from A, VA¡ and VA 2, with a single time intercept. TAI 2. and S!mtlarly 
from B. For the four-layer case, there would be four apparent velocities and three 
intercept times for A, and similarly for B. By observing the number of line 
segments on the field travel-time graph, we know that the number of layers in the 
subsurface structure must be the same number. lf we saw five line segments from 
each end, we would know that we had a five-layer structure. 

The observed travel-time graph must lit this pattern of straight-line segments, 
or else the structural model we are considering will not be satisfactory for the 
area under investigation. Furrhermore. rhe observed trave/-rime graph musr be 
forced ro sarisfy rhe [ollowing rwo condirions befare the rnrerprerarwn can 
proceed. lf these conditions cannot be forced onto the travel-time graph, then the 
proposed structural model will not be satisfactory. 

Condition 1: VA¡ = VB¡. that is, the apparent velocities of the first two line 
segments at velocity of the first line segment from posit1on A must be 
the same as the apparent velocity of the first line segment from position 
B. 

Condition 2: T 2 = T::i, T 3 = T j. T4 = T 4. etc. for every pair of line 
segments which appears on the graph. 

The second condition is called the requirement of rectprocity, and merely states 
that the total travel time from A to B must be the same as the total travel time 
from B to A. The times T ::!• Ti· T 3 , etc. are obtained simply by extending the 
straight-line segments until they intersect the vertical axis at A or at B. 

In practice, the requirement of reciprocity places an importan! limitation on 
how the straight lines may be fitted to the data points on the travel-tiine graph. 
One usually draws the best and most obvious straight lines first. The condiuon of 
reciprocity is then used to adjust the remaining straight lines through the data 
points of lower quality. 

As mentioned earlier, a reversed profile is required for a complete inter
pretation. If data are available only in one direction. say from position A. and if 
the interpreter has reason to believe that the layering is essentially horizontal, 
then he may assume that the protile from position B would be the same as from 
position A. In other words, he may take VB 1 = V A 1• VB:: = V A:. TBI: = TAl:, 
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etc., and proceed with the computation. This procedüre is not recommended 
because it includes the add!tional assumpnon of honzontal layering wtuch may 
not be satisfied. 

To summanze the preceding, we suppose that we have an observed travel· 
time graph for a reversed se1smic profile. We have drawn stra1ght line segrnents 
onto the graph so as to best fit the observation points. Furthermore, we have 
drawn these straight lines 10 such a way that they satisfy the condit1on of recip· 
rocity. The number of line segrnents (cal! it N) from posit10n A is equal to the 
number of line segrnents from position B. The number of layers in the subsurface 
structure is also equal to N. 

From the travel·time graph, we read the following quantitites: 

Apparent velocities from position A: V A 1, V A:, V A3 ..... VAN 

Apparent veloc¡ties from position 8: vs 1 (=VA¡). VB:, vs3 ..... VBN 

lntercept times at position A: TAl:. TAl 3 ..... TAl N 

lntercept times at position B: TBI 2• TBI3 ..... TBIN 

The following computer program wiJJ take these observed data as inputs, 
and provide depths, dips, and velocities of the structure as outputs. 

The input data include a quantity M. which should be set equal to O if the 
intercept times are read in seconds and should be set equal to 1 if they are read 
in milliseconds. The symbol X des1gnates the seismic pro file length from A to 8; 
this quantity may be in feet, meters, or kilometers provided the apparent 
velocities use the same units . 
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MINERAL DISCRIMINATJON ANO REMOVAL 
OF INDUCTJVE COUPLING WITH MUL TJFREQUENCY JP 

W. H. PELTON•. S. H. WARD;. P. G. HALLOF•, 
W. R. SILLL ANO P. H. NELSON§ 

In-siN complcx rcsislivity mcasurcmcnrs over thc 
fTcqucncy rangc IO-• to 1 o•• Hz ha ve bcen madc on 
26 Nonh American massivc sulfide, graphire, mag
nclire. pyrrholilc, and porphyry coppcr dcposiiS. The 
resuJIS revcal significan! diffcrences berwecn thc 
specttal responses of massivc sulfides and graphire 
and prcsenl encouragcmcnl for thcir diffcrcnliation in 
the ficld. Thcrc are also ditferenccs betwecn thc 
specrra of magnctire and nickclifcnous pyrrllotire 
mincralizarion, whicb may provc useful in ancmpting 
to dislinguish betwecn !bese rwo common IP sowces 
in nickel sulfide cxploration. Laslly, thcrc are diffcr
enccs in thc specb'a typically arising fmm the cco
nomic mincralizarion and thc barren pyrire halo in 
porphyry coppcr sysrems. 11 appcars thar all thcse 
ditfcrcnces arise mainly fmm mineral ICXIUrc, sincc 

INTRODUCTION 

During thc las! rwo decades, convcntional induced 
polarizarion and rcsislivity mcasurcmenrs have 
provcn exlr'emcly useful in the discovery of many 
ncw mineral dcposirs. Along wilh Ibis record of suc
cess, however. have bcen counlless fallures. 

In Prccambrian arcas such as the Canadian, Aus
tralian. Scandinavian and, more rccenlly, !he 
Brazilian shield, a principal fruslration witb clectrical 
prospecting melhods has bcen the inability to dis
tinguish berween volcanogenic massive sulfidc 
mineralization and graphitic scbisl. These rwo miJIC!al 
occurrcnces have similar conduclivilies and produce 
approximarely !he same magnirudc of induced 
polarization response. Gravity melhods ha ve bcen 

laboratory siUdies of differenl.specific mincral·<lec· 
trolyte inrerfaccs show relativcly small variations. 

All of thc in-siN specb'a may be descnbed by 
onc or two simple Colc·Colc relaxation modcls. 
Since thc frequency dcpcndcncc of thcse models is 
typically only about 0.25. and thc fTcqucncy dcpcn
dcnce of inductivo clectromagnctic coupling is ncar 
1.0. ir is possible 10 rccognize and to removc auro
matically thc effecrs of inductivo coupling fmm IP 
specrra. 

The specttal response of small dcposiiS or of decply 
buricd dcposirs varies fmm thal of the homogcncous 
earth response. bur these variations may be readily 
derermined fmm the samc "dilulion factor" S, 
= (alnp.)j(alnp1 ) currcnlly used to calculare 
app=nl IP cffecrs. 

somewtuu useful in dislinguishing berween !he rwo, 
bur are expcnsive and no1 particulariy reliable in 
arcas of dcepcr overburden. varying bcdrock lopog
raphy, or varying hosl rock density. As a rcsull, 
explonuion in arcas conlllining abundan! graphire 
has bcen exrrcmely difficull and cxpcnsive, to a 
dcgrce thal many of these arcas are left vinually 
unexplorcd. And yer, sorne of the largesl known 
masaive sulfide deposiiS in !he world occur in gra
phitic arcas and even along graphire horizons: the 
Kidd Creek deposil near Timmins. Onlario, the 
Anvil deposil in the Yukon. and the MI. Isa dcposil 
in Austtalia are prime examples. 

A second major exploration difficulty in Prccam
brian rerranes arises in the search for nickel sulfides. 

ManUJCtipt received by the Editor Felmlary 1. 19'n; revixd manUJCtipr received Augusr29, 19'n. 
• PhoeniX Gcophysics ltd .. WiUowdaJe. On1., M2J 1 R6 Canada. 
:Depanmenl of Geology and Geopbysics. Univen1ry of U !ah. Sal! Lake Ciry, lfl' 84112. 
§Lawrcnce Berlteley Labonltory, Univeniry ofCalitomia. Berlteley, CA 94720. 
0016-8033/78/0401-0588SOJ.OO. © 1978 Sociery of Explonuion GcophysicisiS. AU n&hiS rcserved. 
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The sulñdes are usually found in ullrabasic enviren· 
ments associa1ed wnh pyrrhome, and consequen1ly 
produce a res1s11vi1y low. a polarizabilily high, and 
a magnelic high. Unfonunalely. horizons of increased 
magnerile concentratlon wuhm the ultrabastcs pro
duce similar response and i1 is again difficull 10 
dislinguish between the two using conventionaJ in-· 
duced polanzalion and res1s11vi1y equipmen1. 

Comparable difñcullies exis1 in apply•ng lhe IP 
melhod 10 porphyry copper explora1ion. The 101al 
porphyry copper sys1em is usually readily deiCCI· 
able wilh IP. bul in a maJorily of cases moSI of 1he 
response will be due 10 uncconomic pyri1e mineraliza
lion. Sorne success has bcen achieved by applying 
geologic consuaints and using IP as essenually a 
mapping 1ool (Pellon and Smi1h. 1976). bul the 
location of economic mineraliza1ion wilhin porphyry 
sys1ems slill remains a majar problem. 

In addilion 10 anemp1ing 10 differenuale bclween 
response caused by 1he barren pyri1e halo and re
sponse caused by economic copper mineralizalion. 
thcre is an even more fundarnenlal difftcully in 1he 
use of IP me1hods '" porphyry copper exploralion:. 
mos1 of the remaining undiscovered porphyry deposi1s 
in the sou1hwes1em U. S. lie deep bcnealh conductivo 
alluvial sediments. As a resulllhere is greal difñcully 
in differenlia1ing bclween IP response due 10 miner· 
aliza1ion and 1ha1 due 10 inducuve eleclromagnelic 
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FREQUENCT lcl 

coupling. An approxima1e scheme designed 10 re
move induCIIVC coupling has bcen sugges1ed 
Hallof ( 1974) and a compu1er in1erac1ive se heme h~ 
bcen sugges1ed by Wynn and Zonge ( 1975). How
ever, 1he use of <hese methods has bcen limi1ed. 

Severa! years ago. al lhe s1an of our research in1o 
the applica1ion of mulufrequency IP or complex 
resis1ivi1y me1hods. we realized thal lhere was 
basically very linle 1nfonna1ion ava1lable on 1he IP 
response of various types of mmeraliza1ion over a 
large frequency range. The quesuons we raised were 
fundamental: ( 1) wha1 are the typical IP spectra. (2) 
are 1here ma1hemalical models which ft1 these spec1ra, 
(3) is there a common model, (4) do any of the 
modcl parame1ers show s1gniñcan1 varia1ion with 
grain size. concen1ra1ion. or mineral type. (5) whal 
are the differences '" IP spec1ra over a ftnile·s•zed 
mineral deposil as opposed to spec1ra over a homo
geneous eanh. and (6) are there any inheren1 differ
ences bctwecn the spectra arismg from mineral ization 

and !hose ansing from inducuve coupling. In th1s 
paper we will allempl lO address lhese fundamenlal 
ques1ions. and in <he process perhaps demons1ra1e 
how specual IP measuremen1s migh1 be uS<'fully 
applied lo pracucal mining cxploralion problems. 

COLE..COLE MODEL 

An exceedingly simple relaxauon model which has 
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Fu:;, l. (a) A small scction of a mineralized rock which has bolh blocked and unblocked pore passages. (b) A 
equivalen! cin:uit for the mineralized rock. (e) Typical frequency domain response for the equ1valen1 cin:uil. 
(d) Time domain res¡JOnsc conesponding 10 the frequency domain response ploned in (e). 
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FrG. 2._Amplilude and phasc. curves for a Cole-Cole 
relaxauon modcl wuh R0 = 1.0. T = .01. e= .25. 
and m varyrng from 0.1 ro 0.9. 

becn found ro fit a vaticly of labooratory complex 
resistivny resuiiS (Madden and Cantwell. 1967; 
Pehon el al. 1972) was onginally proposed by Cole 
and Cole ( 1941) 10 predict complex dicleclric be· 
hav1or. The circuit of Figure 1 b is a resistive network 
which exhibiiS a Cole-Cole relaxation. 01hcr 
equivalen! cin:uiiS can be envisioned which also 
ha ve the same response. bul this one providcs a con
vement analogy ro one view of thc pore gcomeuy 
in a mincralizcd roe k which is shown in Figure 1 a.· 
In the cin:uit. the complex impedance. (iwX)-• simu
lare' the metallic-ionic interface. The resislance R0 

>~mulares unblocked pore paths by allowing parallel 
conduction through a purely resistive elcment. and thc 
rc"stance R 1 simulalcs the resislancc of !he solu1ion 
in the blocked pore passages. A word of caulion is 
m ordcr. in that rhis view of a small seclion of min
eralizcd rock is admiuedly too simple; the ll'lle con
duclion paths are ccnainly more complicatcd. How
ever. this simple modcl and equivalen! cin:uit allow 
us ro derive virrually aJI the essential features of IP 
spectra observed in the laboratory and thc field. 

The general behavior of rhe equivalen! cin:uit with 
frequcncy is givcn in Figure 1 e. 11 is obvious tha1 
:u vcry low frequcncy only thc purely resistivc path 
can carry curren!. As a resull. thc amplilude of the 

impedancc asym101es 10 R •. Al very high frequency. 
the complex impedancc becomcs ncgligiblc with 
respecl ro R 1 . so thal the tolal impedancc is jusi R 1 
in parallcl wilh R0 • Belwcen thcse two asymp1otes 
thcre is a dispersive region whcre thc amplirudc of 
thc impedancc slowly dccreases. and thc phase angle 
reachcs a maximum. On a doublc logatithmic plot. 
the phase 1s emirely symmeuic aboout this maximum: 
:u low frequencics the phase has a slope of +e. and 
:u high frequcncics il has a slcpe of -e. 

Sincc the impedancc of the cin:uil is nol zcro al 
infinitcly high frequcncy. there mus! be a discon
tinuily in the lime-domain respoonse of the circuil. lf 
we adopl the definition for chargeabilily m propoosed 
by Seigel ( 1959) as being the ratio of vollage immc
diately after. ro the vol1age immediatcly befare cessa
tion of an infinilely long charging curren!. we may 
writc the expresston for thc impedance of the equiva
lent c1rcuil as 

where 

and 

Z(w)=Ro[l-m(l- 1 +(~wT)') ]. (1) 

1 
m=--R-. 

1 +....! 
Ro 

(
Ro) 1" r=X
m 

(2) 

(3) 

The second parameter T. or ""lime cons1an1'" as we 
choose lo call il. has thc uniiS of seconds and deter
mines the length of lime required for the decay in the 
time domain. lf 1he frequency depcndcnce e is 
equallo 1 .0. thc lime-domain dccay has thc familiar, 
ncgative expooncntial form. 

Ro 
V(r) =m lo •-"'. (4) 

whcre 1 • is the magnirude of the infinilely long 
charging curren!. 

Laboratory srudies of lP (Maddcn and Cantwell. 
1967; Pcllon el al, 1972) have suggesu:d. however. 
that the frcquency dcpendcnce is nol equal lo 1.0. 
bul is typically in !he range 0.1 10 0.6. As a resull. 
!he IP dccay is slower than exponcnlial. as illusuatcd 
by Figure Id. and lakes lhe general form. 

V(r) =m Roi: (-I)"m ... 
/ 0 •• 0 f(nc + 1) 

(S) 

·-

1 

·-

;, 

' ' 
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wbele f(z) is tbe gamma functior . S ince r(z + 1) = 
,z! when z is an integer, (S) reduces 10 (4) wben 
e., 1.0. 

We bave anempted 10 demonstrate in this section 
bow a very simple view of a mineraliz.ed rock results 
in a relaxation model containing only four paramelen, 
wbich predicts IP bebavior in both the frequency 
domain and !he time domain. The four parameters 
are tbe de resistiviry R 0 , the cbargeabiliry m, tbe 
time conswu T, and the frequency dependence e. In 
Figure 2, we sbow tbe amplitude and phase curves 
for R0 = 1.0, T= .01, e= 0.25 and m= 0.110 0.9. 
lt is evident tlw the main effect of increasing the 
chargeabiliry is 10 increase tbe polarizabiliry or phase 
angle. The effect of changing the frequency depen
dence e is demonstrated by Figure 3, where the same_ 
curves are shown for a value e = O.S. Since the dis
persion takes place in a frequency interval only half 
as wide, the slope of the amplitude curves is steeper 
and the phase angle curves are more peaked. 

We have not sbown separate graphs wbich iDus
trate the effects of increasing T and increasing R0 

since these changes are trivial in concept. For ex
ample, if T is increased by one decade, both amplitude 
and phase curves are sbiñed one decade horiz.on
tally to the leh along ihe frequency axis. lf Ro is in
creased by one decade. the amplitude curves are 
sbifted one decade venically along the resistiviry axis. 
The phase angle curves depend only on m, T, and e; 
thus they remain fixed. 

Although the Cole-Cole model is extremely simple, 
it provides a quantiwive description of 1P spectra. 
The variation of only one parameter, the time con
stan! T, is able to pro vide the effects noted by earlier 
qualitative char.lcterizations such as concave-up and 
concave-down spectra (Fraser et al, 1964) and type 
A, B, and C spectra {Zonge and Wynn, 1975). 

We hope that the brief, utilitarian treatment of the 
Cole-Cole model given here might suffice for Ibis 
parer since a second paper has been prepared which 
more fully explores the Cole-Cole model and altema
tive models for complex resistiviry and dielectric 
behavior. However, we would like 10 clear up severa! 
points which, in review, appear confusing. The re
laxation model proposed by Cole and Cole in 1941, 
was originally applied only to complex perminiviry, 
whereas in Ibis paper we bave used the same mathe
matical form 10 describe complex resistiviry. As 
shown previously in Ibis section, the form can be 
derived quite naturally by simple analysis of a small 
section of rock where a metallic panicle is blocking 
one of the pore passages. For Ibis ideal case. the 
dominant physical mechanism conuolling the passage 

3 3 

2 2 

10' 

7 

Ftc;. 3. Amplitude and phase curves for a Cole-Cole 
relaxation model with R = 1.0, e= O. S, and m varv· 
ing from 0.1 to 0.9. · 

of curren! through the blocked passage is diffusion. 
and the frequency dependence of the Cole-Cole 
model is 0.5. However, in a natural rock there are 
.,. ... 1y different pore passages which are blocked by 

·orals having a wide range of grain size. The re
suH is a broader dispersion and consequently a 
smaller frequency dependence. 

An additional source of possible confusion is the 
expression we have derived for the time constan! 
given in (3). Our tendency throughout Ibis paper is 
10 use R0 , m, T. ande as the fundamental parameters 
describing IP spectra. There are two reasons for Ibis: 
first, the expressions for the Cole-Cole model in the 
frequency domain ( 1) and in the time domain (5) 
appear in their simplest possible form; and second. 
the four parameters form the basis which presently 
appears most useful and convenient for mineral dis
crimination. This is not the only basis; the four 
parameters of the equivalen! circuit (R., R,. X. and 
e) offer a logical alternativo. lndeed, they may seem 
to be a bener alternativo since no parameter is coup!ed 
to any other, whereas (3) shows the time constan! 
expressed in terms of al! three of the other parameters 
forming the basis. The weakness in Ibis line of reason
ing is that the simple equivalen! circuit shown in 
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Fra. 4. Varialion in chargeabilicy and time constan! 
as a funcrion of grain size. The plots were obrained 
from inver.;ion of results reponed by Grisseman 
( 1971) for amficial rocks composed of cemenr, 
quanz sand, and pyrire. 

Figure 1 b is an exuemely idealized representalion of 
a mineralized rock, and thus rhe equivalen! cin:uir 
paramerer.; have really no more inherenr importance 
than the four parameter.; used ro describe the specrra 
in (1). In spire of this weakness, the equivalen! 
circuir and equalion (3) can be used ro provide some 
indicalion of whar the IP specua should be like when 
the resislivicy of the rock is very high; namely, rhe 
time constan! of the relaxation should be very long. 
This has indeed been observed in measuremenm of 
highly resislive artificial rocks. 

A final poinr. which we would like 10 clarify, is 
our omission of dieleclric conduclion in the marhe· 
malical fonns we have adopred for complex resis· 
tiviry. This was only possible because the resislivilies 
of the mineralized rocks which we measured were low 
enough thar dieleclric conduction played a negligible 
role in the total curren! conduclion through rhe rock. 
If the resislivilies had been higher or if we had made 
measurements ar higher frequency, ir would be neces· 
sary ro include the conlribulion of dielecoic con· 
duclion in our mathemalical expression for complex 
resisrivicy. Again, this subjecr has been treared much 
more full y in a second paper. 

EFFECTS OF CONCENTRATION AND GILUN 
SIZE 

Befare anempting ro discem whar differences in 

2 
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'" 
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Fra. 5. Varialion in chargeabilicy and time constan! 
as a function of sulfide concenrration. The plots were 
obtained from inver.;ion of results reponed by Grisse· 
man (1971) for artificial rocks composed of cemciu, 
quanz sand. and pyrire. 

!P specrra mighr arise berween differenr cypes of 
mineralization, ir was decided 10 investigare. briefty, 
changes occuring with gnlin size and conccnlralign. 

A srudy of pyrire in artificial rocks has been 
carried out by Grtsseman (1971). Although rhere was 
some difficulcy with !he data in thar !he real and 
imaginary resuhs do ·nor precisely obey !he causalicy 
relations, we managed 10 fir !he real conductivicy 
specrra ro the Cale-Cale model very accurarely using 
a ridge regression inversion prognun (PeiiOn el al, 
1974). 

Ir was cvident from !he original data thar changing 
!he concenlrlllion of the pyrire and !he grain size had 
relalively minar effecr on the de resisrivicy R0 • We 
also found from !he invenion thar there was relatively 
minar change in !he frequency dependence e; ir was 
usually in the range 0.4 10 0.6. The rwo remaining 
paramerers m and T, however, showed pronounced 
varialion with both gnlin size and concenrralion as 
iUuslraled in Figures 4 and 5. We exrrapolared the 
trends observed in lhese figures in arder 10 creare !he 
con10urs shown in Figure 6. Allhough !he data are 
very limired in that they apply only 10 artificial rocks 
composed of cemenr, quanz-sand, and pyrire, the 
results indicare rwo main trends, illuslraled as arrows 
on Figure 6. The effect of increasing concenlrlllion is 
10 increase bolh !he chargeabilicy and the rime con· 
stanr, whereas the effecr of increasing gnlin size is 10 
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FIG. 6. The 1rends observed in Figures 4 and 5 have been ~"rapola1ed 10 provide contou,.,; of >ulfide concen
tration (volumo pcrcenll and grain size (mm) in charg~abilily-limc con>lant spacc. The arrows are approxi
mately perpendicular ro the contours. and indicare increasing !-~Uitide concentration~ and in,rca~mg gram size. 

increasc the time constan! but to decrease the charge
ability. We will retum to these major trends in our 
interpretation of in-situ IP spectra over porphyry 
copper deposits. 

IN..SITU FlELD MEASUllEMENTS 

Although laboratory measuremcnts on natural 
rocks were useful in suggesting the general form of 
!he IP response, and srudie• of anificial rocks gave 
sorne idea of !he changes in IP spectra which might 
be caused by grain size or concentrnuon, these studies 
have limited application in determining the true bulk 
IP response of mineral deposits encountered in elec
uical prospecting. The main problem with laboratory 
measurements on dril! cores is that !he sample size 
is much too smaU ro duplicate rhe conduction currents 
through fractures and veins which occur in rhe field. 
The problem with anificial rocks is lharrhe pon: sauc
ture creared in concrete samples probably bears 
linle resemblance ro that of natural rocks. 

Thus, in order ro derermine accurately rhe IP re
sponse of naturally occurring mineral deposits. we 
decided 10 make in-siru measuremenrs. ln-situ spec
rral IP measurements have been made previously 
(Hallof. 1965; Van Voorhis er al. 1973; Zonge and 
Wynn, 1975), but they cover a relalively limired fre
quency range. We made measuremenrs over seven 
decades of frequency from 10"2 Hz to 1 O•·' Hz in 

order to derermine ( 1) if rhe Colo-Col e model was an 
accurate description of narural IP behavior. (2) if 
there were pronounceu differences in spectra between 
diffcrcnt types of mineral occurrcnces. and (3) if •n
ducuve coupling was inherently uiff~renr from natural 
IP behaviur. 

To cover rhts broad frequency range we used two 
sets of equipment. For rhe low frcquency range from 
lO-' Hz ro 5.0 Hz we used a digital rape recorder 
system supplied by Kennecon Explorarion Services 
and described by Van Voorhis el al (1973). For rhe 
higher frequencies. from 5.0 Hz to 60 kHz. we used 
a Hewlen Packard 203A oscillaror for the rransmirter 
and a Princeron Applied Research lock-in amplifier 
for rhe receiver. 

To avoid inductive coupling at rhe highest fre
quencies. we used a dipole-dipole array w11h an 
extreme! y smaU elecrrode separarion-typically 1 m. 
Since rhe inducrive coupling depends on rhe frequency 
limes the square of rhe electrode inrerval, reducing 
rhe elecrrode interval by a factor of 100 below typical 
field values permined us ro use frequencies higher 
by a facror of 10.000. 

As a result of rhe shon electrode spacing used to 
avoid mductive coupling, we were very restricted in 
!he depth of penetrarion of our measuremenrs. We 
rherefore decided ro make all oi our measurements 
on mineralizalion exposed in open pu mines or on 



RECENT ANO FUTURE ADVANCES 

IN THE 
INOUCED POLARIZATION 1'1ETHOD 

BY 

Philip G. Hallof, Ph.D., and William H. Pelton, Ph.D. 

INTRODUCTION 

The induced polarization (IP) method was introduced into Canadian 
exploration practice in the period from 1955 to 1960. Two measurement· 
techniques were widely used, the pulse-transient method (time domain) and 
the variable frequency method ( frequency doma in). In the fifteen years 
following 1960, striking improvements were made in both frequency domain 
and time domain !P equjpment, but only limited progress was made in a 
better understanding of the !P phenomenon, i ts source, and how to use i t. 

However, in the five year period since 1975, considerable progress 
has been made in our understanding of the IP method. Beginning with an 
understanding of the exact equivalence of the IP measurements in the 
phase-domain, the frequency-domain and the time-domain (see Figure 1), 
we have progressed to the study of the IP effect over the entire frequency 
range of interest. These studies have led to a greatly advanced under
standing of the IP method in at least three important areas :-

i) Our understanding of the IP phenomenon itself 
has been vastly increased. A greater knowledge 
of the source of the IP effect and its detailed 
behavior has suggested additional uses for the 
method, beyond the simple detection of anomalies. 

ii) A better idea of what we wanted to measure, 
and modern solid-state electronics, have 
resulted in greatly improved measurement 
techniques and instrumentation. 

( 1) 
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i i i ) The advent of smailer, less exoensive digital 
comouters has greatiy helped wi tn the i nterore
tation of IP field da~a. Raoid forward problem 
solutions and the possibility of direct 
inversion of IP fieid data have made it possible 
for the geophysicis:s to give the exploration 
geologist a much better picture of just what the 
source of a particular ro anomaly might be. 
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MINERALIZED ROCK EQUIVALENT CIRCUIT 
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FIG. 1 

WHAT IS THE NATURE OF THE IP EFFECT 

Spectral induced polarization measurements (the measurement of the 
phase shifts over a wide frequency range) in open-pit mines, gave the 
fi rst information concerning the detailed nature of the IP phenomenon. 
lt became clear that four parameters, not just two (resistivity and IP 
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effect) were necessary to completely describe the !P effect. 

The equation shown on Figure 2 and Figure 3 is fonnally known as 
the Cole-Cole Dispersion Equation; the four electrical parameters are: 

Ro the de resistivity value 

m the IP effect (in non-dimensional form) 

T the time constant of the !P effect 

e the exponent of the frequency (w) 

Since the ver¡ beginning of our experience with spectral !P 
measurements, we have found that these four parameters, and the Cole-Co1e 
equation wil1 adequate1y describe any IP effect that has been measured. 
The first measurements were made using one meter electrode intervals, 
within open-pit mines. The circ1es on Figure 4 and Figure 5 show the data 
points measured over massive graphite and massive sulphides at the Anvil 
Mine. As the salid 1ine curves on the drawings show, the measured data 
points can be almost exact1y replaced using a Cale-Cale Dispersion. 

The four parameters obtai ned by the computer i nvers ion of the 
graphite data are typical of those that have been measured over al1 graÓhite 
deposits. The IP effect is very 1arge and the time constant (T) is much 
greater than 1.0 5econds. 

Large !P eccect~ !r, ,·so ~easurc· : ~~ mass~ve: .:1hi:~ ~ources. 
:1owever, invariab;y tn.: :ime cons<:ant ·1u::Je for (-:; is iess than 1.0 
seconds. The measurements shown on Figure 6 are for a massive sulphide 
source at the Kidd Creek Mine; again there is a large IP effect, and a small 
ti me constan t. 

The critical frequency (Fe) for a Cale-Cale Dispersion is defined 
as that frequency for whi eh the maximum phase-shi ft is meas u red. An 
examination of the equation and curves in Figure 2 shows that as the time
constant (T) is increased by a factor of ten, the critica1 frequency (Fe) 
wi 11 decrease by a factor of ten. Therefore, we can expect that for. the 
spectra1 !P response of po1arizable sources (Fe) will be inversely 
proportional to (T). 

An unders tan di ng of the phys i ca 1 parameters tha t a ffect the ti me
constant (T) of a spectral IP response has come from two areas of research. 
One is the study of the spectral !P response from artificial rocks; these 
samples are prepared using metallic particles of known material and size 
(see Figure 8 for example). The second line of attack has been to fonnulate 
the mathematical expressions that might describe the macro-characteristics 
of conduction in a mineralized roe~. with certain simplifying assumptions. 
Initially spherical particles were assumed for this work andan example of 
the predicted spectral results is shown on Figure 7. 

We have shown these two different sets of data, because they are 
ver¡ similar in character. Further, they show the same result that all of 

.> 
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1 .... r.:: ""-~ "' ¡:Jt, - _.... w' ... ' --
t!"~a: a:é :n~ sou"":E: c,7 :nE :~·~-=fe::. Tne ::~~:icai ,:=c 1 1s ~nerefore 
inver5E:-IY :"'-s·lc:ec te t.'1E grc.lr·-51Ze. IF,us, for ali of :he massive su1ohiae 
deoosits for wnich we nave soe:tral measuremen:s, the effe:~ive arain-size 
of :ne oolar~zaole par:i:les is ao~reciaoly smaller tnan tna: fo~ graohite 
sources. 

There is one additional tes: we have devised to confim the validitv 
of :he elec:rocnemical moaei wt nave develooed :o aescrioe the aetailed • 
nature o~ tne !P onenomenon. The spec:ral !~ resul:s for a single mineral 
elec:rooe (pyrite, chalcooyrite, borni:e, galena, etc.) immersec in 
dis:illed water can oe measured, and :hen inverted usino the comouter. This 
inversion determines tne various ele::rical oarameters that describe tne 
elec:rical transfer ~unction for tna: ~articular mineral. Tnese elec:rical 
paramete~s, and :he analy':i:al1y aetermined con:entra:ions o~ :ne metal 
cation in tne solu':ion after s:eady-sta:e current flow has been acnievec, 
can be used :o :al:ulate ':he reac:ion valence (tata: numoer of elec:rons 
involved) of :he cnemical ~eaction a: tne interface. This measured value 
of the ~eac:ion vaience can be comoared to tne various values tna: wouia 
be possible from various chemical reactions. 

In past research, these measured numbers have not agreed within an 
arder of magni:uae with tnose predi:ted by the commoniy acceoted dissolution 
reaction eauations for the various suiohide minerals. The results we have 
'chieved for galena (Figure lO) and chalcopyri:e (Figure 9) are typicai of 
che work tnat has been aone recen':lv. The measured values of the reac:ion 
valence give muen closer agreement ~o the predicted valence than was 
previously the case. For chalcopyrite, the predicted reac:ion varies with 
the copoer ion concentration, and tne agreement is still quite acceotaole. 

With the success of the above described research, has ~ame the impli
ca:ion that we r;,ay now unaerstand the IP ohenomenon well enougn to use sorne 
of our knowleoge 1n a oredictive way. The resistivity and phase-shift cata 
piot:ed in the pseudo-section format on Figure 11 are from the Kennedy 
Prooerty near Winnemucca, Nevada. The resul:s suggest a broad, weak IP 
anomaiy tha: might oe due to a "porphyry coooer" :ype source containing a 
small concentration of metallic mineralization. However, one notices 
immediateiy :ha: the phase-shifts measured at 9.0 Hz are tne same magnitude 
as tnose measured a: O.li Hz (a factor of 3-• lower in frequency}. This 
is :ne same Swectral IP charac:eristic that was previously measured a: the 
Brenoa Mine in British Columoia. 

This unusual circumstance is confirmed by the spectral piots for 
two typical dipole pairs, shown in Figure 12 and Figure 13. Witn the 
i nducti ve coup l i ng e~fects removed by computer i nversi on, the phase-shi ft 
vs. frequency curve is very 7lat over a frequency range of 38Hz. This 
reauires a very low (c

1
) value of 0.125 (se: Figure 3); more imoortantly, 

a value of ¡p e-:'fect (m) in excess of 0.500 is necessary. Therefore, 
altnougn :he measured phase-shifts are low in magnitude, the true !P effect 
within :ne source material mus: be large. This should not be considerea to 
be a weak anomaly. 
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We used these resul~ in our first attempt to predict the nature 
of the mineralization tha-. ~s the source of the "weak" anomaly shown in 
Figure 11. The mathematicJi formula used to predict the spectra shown 
in cigure 7 has bee~ expanded to include prolate and oblate spheroids, 
as well as spheres, of metallic material. By a tri al and error process, 
the spectra shown in Figure 14 and Figure 15 were generated as being a 
"good fit" to the measured data. 

The chosen parameters for the sources are probably not unique; 
however, sorne valid points can be drawn from the calculation presented. 

ti on; 
shown 
hole, 

i) the flat spectrum (small e value) cannot be 
obtained from a single grain-size (time-constant) 
population. There must be at least two different 
grain-si ze populations present. 

ii) Although the two grain-size distdbutions, with 
mean values of 20mm and 0.2mm, are probabiy not 
exactly correct, a difference of at least two 
orders of magni tu de i s necessary to produce the 
value e= 0.125. 

iii) Despite the low magnitude for the JP field anomaly, 
the true IP effect within the source is large 
(m 1 > 0.500) and this results in a fairly high 
concentration of metallic mineralization predicted 
for the source (10- 12% total metallic minerali
zation). 

The first drill hole at the Kennedy Project is now nearing comole-
it was collared at approximately station No. 5 along the line of data 
in Figure 11. There was metallic mineralization throughout the drill 
with an increase below about 75-80 meters of depth. 

Throughout the entire length of the drill hole (in excess of 250 
meters), there were two different types of mineralization present. There 
were veinlets (large grain-size) that might, or might not, contain quartz. 
All of the veinlets contained chalcopyrite or molybdenite or chalcooyrite 
with molybdenite; sorne pyrite was also present. There was also fine-grained 
disseminated metallic magnetite throughout the hole (the small grain-sized 
source). The magnetite contains appreciable gold value; there is enough 
gold present to give detectable assays throughout the length of the hole. 

We do not have enough information to determine if the total concentra
tion of metallic mineralization approaches 10 to 12 percent. However, in 
other respects the source of the IP anomaly does seem to approximate that 
predicted by the spectral IP analysis. 

!MPROVED MEASUREMENT TECHN!QUES ANO INSTRUMENTATION 

The much publicized ''explosion" in solid-state, semi-conductor 
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eiectronic comoonents has oroduced as many changes in the geophysical instru
lentation industry as it has in other ohases of modern life. Seginning 
.. itn dioaes and transistors and now including comoiex microprocessor cnips, 
there has been a bewildering number of imorovements in this industry. They· 
nave resul:ec 1n a majar reduc:ion in the size o~. and the oower require
me"-tS of (smaller battery oacks), geoohysicai field instruments; at the 
sc:·ce time tne reliability, digital aa:a storage caoability and analysis 
caoability have been almost infinitely increased. 

The Phoenix !PV-2, Prospecting Phase IP system is an example of one 
of the least complicated units that can be engineered with modern electronics. 
The types of features that can now be made available are: 

i) Microprocessor-controlled signal stacking of each 
measurement to give almost infinite noise rejection 
through coherent detection. 

ii) Matched, heated crystal clocks give phase stability 
between current source and voltmeter without connecting 
cabie. 

iii) Dual-channel electronics permits two separate voltages 
to be measured simultaneousiy. 

iv) Digital readout of magnitude and phase-shift of measured 
voltage at either channel. 

v) Five frequency capability (0.11, 0.33, 1.0, 3.0, 9.0 Hz) 
permits limited a'nalysis of spectral cnaracter of any 
a noma ly. 

vi) Aopreciable increase in survey speed over either 
frequency-domain or time-domain !P systems. 

By completing a reconnaissance survey with a single frequency 
(typically 0.33 Hz or 1.0 Hz) it is possible to achieve the lowest cost 
possib'1e for IP field surveys. However, once an anomaly is detected, the 
IPV-2 can be used to make detailed measurements that give sorne feeling for 
:he cnaracter of the spectral response of the source. 

lf detailed measurements are made at only two frequencies, it is 
possible to make sorne staternent about the critical frequency (Fe) of the 
!P spectrum from the source. On Figure 17 and Figure 18 are shown the 
detailed phase-!P measurements rnade using X= 100' and 0.33 Hz over two 
anomalies previously located by a reconnaissance !P survey using larger 
electroae intervals. On both Line 18E and Line lSE the anornalous pattern 
indicates a r"elatively narrow source, with sorne depth to the top. 

During the detailed survey with X= 100', several of the anomalous 
values in each anornalous pattern were measured at both 0.33 Hz and 3.0 Hz. 
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- PRICKETT LONNQUIST AQPIFER MODEL SYSTEM (PLASM) 

MODELO MATEMATICO PARA SISTEMAS ACUIFEROS 

DESCRITO POR EL METODO DE DIFERENCIAS FINITAS PARA RESOLVERSE POR 
(METODO N~ERICO) UNA VARIANTE DE HETODO IMPLICITO EN DIRECCION 
ALTERNANTE. 

AUTORES. T.A. PRICKETT Y C.G. LONNQUIST 
ILLINOIS STATE WATER SURVEY 
U.S.G.S. BULLETIN 55, 1971. 

FUNDAMENTOS MATEHATICOS. 

'.LA ECUACION DIFERENCIAL EN DERIVADAS PARCIALES (BITTINGER Y 
OTROS, 1967) QUE DESCRIBE EL FLUJO BIDIMENSIONAL EN REGIMEN 
TRANSITORIO, EN UN ACUIFERO CONFINADO, HETEROGENEO E ISOTROPO 
ES: 

1 DONDE: 

T= TRANSMISIVIDAD 
h= ALTURA PIEZOHETRICA 
t= TIEMPO 
S = COEFICIENTE DE ALMACENAMIENTO 
Q= DIFERENCIA DE CAUDALES (EXTRAIDOS Y RECARGADOS) POR UNIDAD 

DE AREA. 
X.Y= COORDENADAS RECTANGULARES 

PLANTEAMIENTOS DE .LAS ECUACIONES. 

CONDICION DE CONTINUIDAD O CONSERVACION DE MASA 

CAMBIO EN EL = 
ALMACENAMIENTO 

Q5 = 

FLUJOS DE 
ENTRADA 

FLUJOS DE 
SALIDA 

Qn + Ql + · Q3 - Q6 - Q4 - Q2 

Q1 a Q4 => TRANSFERENCIAS DE AGUA DE UN NUDO A OTRO. FLUJOS 
DEL ACUIFERO. 

Qs => CANTIDAD DE AGUA INCORPORADA O LIBERADA DELALHACENA 
MIENTO POR UNIDAD DE TIEMPO. POSITIVO CUANDO 
SE LIBERA AGUA. ')'-( 
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FLUJOS DEL ALMACENAMIENTO 

Q6 => CAUDAL CONSTANTE DE BOMBEO 
Q(I,J) = SALIDA (+) ENTRADAS (-) 
Q(I,J) = EXTRACCIONES- RECARGA ART. 

Qm => ACCIONES ESPECIALES: INFILTRACION INDUCIDA; 
EVAPOTRANSPIRACION; REZUMEN (INFILTRACIONES) 

TRES CONSIDERACIONES: 

1) DEFINIR LA PARTE DEL ACUIFERO QUE INTERVIENE EN CADA 
TERMINO 

2) LOS CAUDALES ESTAN RESTRINGIDOS A LAS COORDENADAS X y Y, 
POR LO QUE SE TOMAN LAS PROYECCIONES ORTOGONALES. 

3) BALANCE INSTANTANEO 

PROCEDIMIENTO DE TRABAJO PARA EL PLASM. 

1) DISCRETIZACION DE LAS PROPIEDADES FISICAS 
(SUPERPOSICION DE UNA MALLA) 

NC (NUMERO DE COLUMNAS) 
NR (NUMERO DE RENGLONES) 

2) ASIGNACION DE VALORES COMUNES 
T, FACTOR DE ALMACENAMIENTO (S) 
ho (NIVEL INICIAL) Y Q DE BOMBEO 

3) ZONAS ESPECIALES 

A) BORDE DEL ACUIFERO -> T = O 
NO SE PUEDE S=O (DIVISION CERO ) 

B) ADEMAS DE AGUAS SUPERFICIALES 
LAGOS, MARES => S : 1 

( FIG. NO. 10 p 33. DIAGRAMA DE FLUJO) 
~S 

1 

1_ 
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EJEMPLOS: MALLA DE TAMANO UNIFORME 
ACUIFERO PROPIEDADES HOMOGENEAS E 

- SOLUCION TEORICA ISOTROPIAS 
NIVELES PIEZOMETRICOS INICiALES = CERO 
INCREMENTOS DE TIEMPOS IGUALES 

CASO DE ACUIFERO ILIMITADO 

1) NR y NC = 31 LADO DE MALLA 300 m 
2) T = 100 m2/d1a 

S = 0.01 
W = 900 m3/m 
H = O 
Qo = O m3/dia 

3). DELTA = 0.5 diaa 
NSTEPS = 40 

4) Q(l6,16) = 4000 m3/dia 

.. 



INfORMACION BASICA PARA LA IMPLAN!ACION DE UN MODELO 

1.- OISCRETIZACION 

-Planos Topogr4ficos. Parteaouas. 

- Plano Geonidrológico. 

-Delimitación del Area 

- Geologra Subterr&nea. Cortes 

Litológicos. 

-Registros El~ctricos. Perfiles 

1 Geologicos. 

- Geoflalca. Geometrla de las 

formaciones en el Subsuelo. 

- censo ae Aprovecnamientos. 
Localización ae Pozos Piloto. 

- Selección de la Malla. Areas de 

Concentración de Información. 
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1 

INFORMACION BASICA PARA LA IMPLANTACION DE UN MODELO 

2.- PARAMETRIZAxiON 

- Pruebas oe Bombeo. Aforos en pozos. 

- Interpretación oe Cerecteristices 

T, S, D, k, S&, K', 

-Distribución especial oe Carecteristices 

HiOrooinAmices. 

- AOapteción oe Cerecterlsticas por Celoas. 

- con&trucción de Matrices oe Parametros. 
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INfORMACION BASICA PARA LA IMPLANTACION DE UN MQDELO 

3.- CONCEPTUALIZACION 

- Modelo Conceptu5l de funcion5miento. 
Definición de Entradas y Salidas. 

-Distribución de la Lluvia por Periodos. 
Volumen de Lluvia por Celda. Adjudicación 

de Coeficientes de Infiltr5Ción. 

-calculo del Caud5l de Infiltración. 

- Infiltración y/o Drenaje de Rlos y Arroyos 
Calculo del Caudal por Celaa. 

-Definición de Areas de S5lida& ael Aculfero por 
Evapotranspiración. 

- Volúmenes ae Extracción por pozo. 
Calculo ae la Extracción por Celda. 
Separ5ciOn de Extracciones por RieQo, 
Industrial y Potable. Calculo de Laminas de 
RieQo y Retornos al Aculfero. 

- Plezometría. Red de flujo en Condiciones 
Iniciales, Intermedias y Actuales. HidrOQrafos 
de Pozos. 

Evoluciones Plezom•tricas por Periodos. 

-Condiciones de frontera. Definición de Celd5s 
de no flujo <Inactivas>. 

Celdas de CarQa Constante. Celdas de C5rQa 
Variable. Celdas de flujo Constante. 
Alimentación por Semiconfinamiento. 
Otras Celaas. 

/ ' ' 

1 



. ,e 

• 

• 

ACUIFERO CONFINADO 

SVPI!.n.F\C.II. 
PlU . .OM& tn:_\_C~ 

~ ---· -........ :... .,.,--.. -. _ ...... .. 



ACUIFERO SEMICONFINADO 

RE: CAR 

\ 1 l l 1 

1 ? 

A 

! l l l 
Q 

---···--·· --· 

hC.\1\ F'f.Jl.O 
SVO\IC.O 1!.1 f' U"/) Q o 

~ 
j.. - ' 



1 

1 

1 

1 

·1 

• 

ACUIFERO LIBRE 

~-E~n-.c1 ~:. 

~.l ~~L~ 

eo o o o o o·~ ~ O o .X 
. -· ,3_ ..Ni"'~~· f .. ~~ ....... · .. : .~ . 
• • • ó o • • o . • • • . . • 

~o • o o 
• • . • • • • 

o • • 
• . . . . • • • • 
o ••• • • . . • 

• 

/J 

. • • ó 
. • . . . . o o o o 

• • • . • . • . 
o o o o o • • • . . . . 
. • • • • • • . 
o o o o 

• • • • • • • 
•o . ·O • 

6'-.Wia.l t>(. '¡~'/~ 'f 
bU'-J~.S. 



ACUIFEROS MULTIPLES 

.... 

~--------------~ ~ .JC 1( IIC' W: .1< X IC 

1 '{ 



1 

.::o 

e 
1 ·.::1·:.o .4~ L' 
-.~ .... _. 
l 
l 
.l 
1 
:l 
1 
l 
i 
.l 
i 
.1 
1 
.l 
1 
.l 
1 
l 
1 

2 
:2 .-. 

~~ 
" -. 

.-. 

") 

-. 
-. ... 
") 

-. 

.] 

.) 

.3 
.3 
:) 

:j 

J 
.-1 

.) 

.3 

3 
:) 

!:-3 
1 

.J 
4 
5 
,;. 
7 
8 

lü 
11 

t.=: 
¡.:; 
14 
1"3 
16 
17 
1 ::: 
1 

J 
4 

7 
·':.· 
'··' 

':1 
1ü 
l 1 
1 :: 
1.3 
14 
1~ 

1 ~. 
17 
!8 
l 

.:2 
3 
4 
5 
t· 
7 

·;; 
lfJ 
¡ 1 
12 
t:3 
14 
15 
16 
17 

IJ 1) 

(t 1) 

·) IJ 

o ú 
·:;31 
t.51) 
.-;:.o o 
50(1 
50ü 

1(1(1(1 
.tül)t) 

11 ~50 
lüOO 
i o(¡ lj 

~:.:.:o (1 

12üü 
ü t) 

o ¡) 
1) o 
o o 

o 1) 

~~"~\ ·:~(111 1' 1,1 ~)t.) 

.•:•1 ~:~f1 0 8 G 1) 

• (11 :·~::.:ill 1.1 u 1,.1 •J 
• 01 8üü (• ~'• n u 

·.:..:31 • l 771) -. (1(11)1 o 
650 .1 750 -.(044 o 
6üü .1 7::~o--.ooü1 o 
r:;oo . 1 7ou - .•J,JO 1 o 
500 -1 6~~0 -.0001 o 

1(11)0 .~8 600 -.01)01 
1000 .~(1 600 -.0001 
ll!::d) .... 6.3ü -.(11)1~ 

1000 .2 600 -.0020 
1000 .25 bÜU -.0026 
l~Oú .:5 6.~0 ·.0020 
l~OO • .::r:. 

~-~50 

6~0 

o 
1) 

(! 11 

(f o 
() 

-.oo;,;o 
o (1 

1) o 
(1 o 
1) o 

o (1 .01 
O O .O! 
71)() 70(1 
t.~.lj ¿,5(1 

8:.)1) o 
6100 (1 

• l 77 o 
. ! 7~jl) 

ü o ( 
o o o 

- • (11)(11 1) 

-.0044 o 
5..::(1 5~0 • 1 7.)1) -.0001 o 
5(1(1 500 , 1 71)(o -.0001 ú 
~(11) 5(10 • 1 .:.-::o -.0001 o 

60(1 600 .2 .;,1)1) -.00007 
71)1) 

ll!t(l 
1001) 
1üOO 
1000 
:::üoü 
'21)1)1) 
t) 1) 

i.J (J 

(1 
(¡ 

ü 
(J 

ú (: 
~.o o 

7üú ~~·~U.-.1)(11)1 •:0 
1 J. ~1) 
1000 
1(100 
1ú00 
;21)00 
..:: !) (11) 

.-. . -.-. ·-···r:.· . ~-.. • 
·-··=. ..,;. .... 

• :< 
.3 

1::.(1(1 -. 0001 
;;:::1) -.1)001 

560 -.0001 
5SIO •. 000·1 

600 ., 00()1 
t:,l):) -. 00:) 

• ::-e 630 o o o o 
• 1)1 

• o 1 
• o 1 
• o 1 

601:0 
500 
4E.O 

90(1 . 1) 

8E.(I O 
e:~o o 
900 . 1) 

.1 77Ó 
• 1 750 

o (• 
- . ·üoo 1 
-. (1>).44 

.·1 7:10 -. 1)00 1 

o 
o 
o 
o 
o 
o 
1) 

~j·~5 

-'~· 5::~ 

·+!:;o 
~11 . 

o 
1) 

1) 

o 
(1 

o 
o 

o 
o 

:):=.¡ (! 
3~1(1 

:)·~~· 
A W•') ... ~ .... 

(1 

o 
o 
(1 

o 

o 

(1 

o 
1) 

o 

1) 

'-' 

r) 

o 
o 

o 
o 

(1 

o 

o 
o 
o 
(1 

500 
50(1 
500 
~·(11) 

5(11) 

o 
'-' 

o 
11 

ú 

1) 

(1 

o 
(¡ 

450 o o 
:.11 o 1) 

.-, 
~ 

4~(1 

410 
410 

1) 

(1 1_1 ~·1)1) (: (1 

o o ~o (• :: ... 
O O '50U ~ ::! 
o 1) 500 ¡ .:: 
1:0 o 500 2 1 

5 

o o (J 450' 4 4 
1) 1) .:<·:11) 4 4 

(1 

1) 

o 
o 

o 
o •:O 

3SO 
:)95 
452 
450 
511 

o 
.~ 

o 

o 
o 
o 
() 

(¡ 

1) 

o 
o 
o 

o 

o 
1) 

1:0 
o 
o 

4(11) 

:370 
411) 

410 
420 

5 
!5 
~ 

lO 
10 

o . () 5ú0 (J (1 

o 1) 501) 2 :;: 
!) o ~(11) 2 2 

~·J(t 

4'i-t) 
46ú 4c:;.(l • l. 7üC -. üüOl O 1) O .~(11) ~ ;: 

~oo 5oo ~oa G~o --.ooooo4 o o o 4~0 ~-' 
500 501) • ~ 600 • (¡(J(Jl 1) o o 400 4 4 
501) 501) -~ 5F.:5 -,fJ0(11 o 1) 1) .)80 .. 4 
71)1) 70i.J .2 580 -.(1001 o o o 3j0 4 4 
700 700 .25 ~60 -.0001 o o 1) 390 4 4 
'1ü0 900 • 25 . 550 • OOE.6 O O C• 349 4. 5 
1000 100(1 .25 '551) -.0001 o o o 410 5 
2i.JI)(I 2001) .3 55~ -.0001 o o o 380 10 
:ooo· 2ooo .35 560 -.oo51 o o o 390 10 

'5 

•. 
~· 

•. 
~· 

5 
5 
10 

1(1 

. . 

... 

.. 

' ·' 



· ~cou=e~o ?~c.~M.&AeN1e ~fi\J~\)0 

N i~l ~&~~~rleo . . 
· "·· .Ni\IC.I a.c. 'iO.,.,cro 

AOJ:.Ccro { ,:'\;\:~\ \ \\\\\\ \~01:, 'So~~ -~f~, ·---~, \ \ \ \ 1 ~- \_\_ \. ~- 1 
1 7·-~---r;t ' ~ . . 1 11 1/ll ... : 

~ , . . , , '· ! ·' .. T 
. . . ~. 

Aw~ te~ . . e>Q4K . . . 

11t\~c.i~ H R.\-\ ::x:ico~\i~Q"'{c ,- RO . 1 

1 
• .-

. l7t·-¡¡r.7.;('·· ' ~~' ·~' 1 1 .' 1 7 7 ~ ' " ... \..~e_QC\),~(,fQ 
1 • 

N \\le.\ c:lc 1 
. te1ttc..-.c:4a 

1< • ~.'/~' [Ycll C'oc.f'~~1c ~ filtmeüJ'~ 

· 'fdirA~~ ve.~t\CAl: r 
f·~· (~-~\l) ~>·R.o 1 . 

f • R • (Q.C- 2~) • e:.~ e H ~~o: 
. .1 ' . . 

r
' 1 

-: 

·' 

. 1 ..• 

. .---· 

. . ,, -· 
~ . 

• ., 
¿. 



1 
R= 

E"a p. McctM. ~Q.tWa • f .,~~.a.wo4 )( «>.1'6/3(o'6'*. 
• 

~~lo <A\ u""' 11\A$ ~xc\..o.,'vo 
1 ) j ) TI 

1 
1'J, SI:.} ti , Q 

1 
R 

1 
~11 ~o 1 ~1, PE~M 1, fe ~t ... (J 

. ' t 1 t 
• 

Q • Eva.~.mecl.\a clio.v\A (m/c:4) + Exiy-Q0:4.o~ -~ 
.. 

i 7- 71 



\ 

\ 

• 
. , 



·1 

TOLUCA lO 

28333.33 28333.33 

\ 

22~€.67 22666.67 

17000.00 17000.00 

11333.33 11333.33 

5666.67 5666.67 

o .00 I>.Uo..l.J....l..~__...JL.-...=.--L...--&-..I---L..--1._..1...-o<:_,_--1._J.-L.~~--~--'----'-":.....::.J.<:....::;-I<:..<.~"""-":..L-..______, o. 00 
0.00 6000.00 12000.00 18000.00 24000.00 30000.00 36000.00 42000.00 48000.00 



' . • 



\ 
1:$ S 1 [ 1 1 D ~ :! LA e ~ u e : .... ~ ~ ~~ !'? 1'! o .. o o :l 1!! o o Q o 

~ -~,\ ' ~ o .. ó ~ ,; 

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

"'''''' !l qo lo ~ ~ o .. ~ .. ll 1!! - o 
lll ,,,, U11111 

o 1'! 1;, "' ~ ~ ~ - . ~ ~ ~ 
. .; ~ . 

l!f'''" 
/ 

iuJum "'"..(,-~11111 
~, 

1!/111111 ¡., 1! !::~'" ~ . 
Sl !1 ~ ·a Q Q !1 1::1 

o l 
~ C! lo 

~ • o 
::::: ¡. ~ ~ o !'? ~ o 1: ls Sl o lll. f):~ o !! !! 1:! Q b o ~~~''" L., o - - ., 

1:'" 
~ 
e 

~ "" ''"~ ~§~~ -o !<? Q SI 1:; o !1 :¡ o' 1:: b Q ll 1:1 .. !3 .. ?, rL~ - .. 
ff" b ..., ~ ' 

e l!! ~ ~ o - .. :¡ Q ~ !9 9 .. :¡ 1!1 Q Q ~ §' :;: o ~ -
b ~~ 

1 .. 
e e .. .. lo .. o .. o 13 o 19 lll :: :¡ 1!1 .. B Q ~ ~//. o • .; ~-

.,,~ 1 

~ 1:: J::. l!t ~ 1'! 1::1 b 1:! 
z 

o o J, o o .. !1 :1 !l o !! ll .. .. q : ~ ~ ' . ~ ~ • • 
] f.J • 

~ a t: a ~ ... ,~: !<.> ~ " " o o Sl b: 1:! .. :l 1:! :¡ ~ ~ 12 q ;!o 
~ ~ ~ 

~ ¡~ 
e b 

1:: 1:: ~ 
,,~ 

~ ~ ~ b ~ e l!! la ~ ,;; 1!! o o o .. o 9 :r :¡ .. Q ,, - • ~ ~ 

tf ~ ~ ~'"'"' ~,,,, 
l 

o 1::1 ~ lv: 1'1 1~ e b :~ b b b i'.un\ M'""' 
S ~ ' SI ll .. "'"" 

,,, 
H'l 

-~ ,,., 'tj 

\ 
S''l E 

'1 ;::: 

,,, lU 

., 

N 

\ 
~ ~ 

,/ !¡( ~ ,//l't: 
' ~ !::_$ ~ o !? o " ~ o :: t:J l:s b :!1 :! a. .... ~ .. 1!! :! 1:! .. ,,, - - ~ ~ ~ S 

~~· 

1'?=\ b!f ~ : \-r ~ o ' 19 o 1:: • ~ o o o ¡.. 1~ b ~ ~ - ~ ~ ~ o o 

f:. ~ _¿; ~ 
~-

o ~ l!l ~ o ¡... ., b 1: o ., ¡., b b g' lo ' .. - .. ~ o o o o o o 

~ 1'-- • - .;: ¡ 
~b -o ~ .... ~ & ., ~ ., o 1:: :1 Sl . 1: ::::: .. ~ " o o o o o o lo 

~ ¡f ~ • ij.' 1: • ~ 1:: ~ f> • ~ .. 1:: = : Q ~ - lo - lo o lo o o o 1ft 

~ -
lo 1 E.!' ¡.. b 

:: 
::n 1:1 ~ ¡., ~ 1:1 • • 1~ ~ - .; o o o o o 

/' 1' , .. .. - ., - 1 1 "• 1< '' 1 ,. ' 1' ' 1' f'(J/ 1 1 ' ,. ., .. ' 
., 

J:? 'P? 1 t;,,_ .? ' '" , ( ( bl ?'! ti 1 . 1 , 1 ;> 11 b 8 /l 1 IS ' f 1 .. 

• 



• 

1 

-
,, ·"' ·"' ~ 5 .H 

"%: llfll¡ 

.so .JO ,.JO .Jo .so " ·" 
''' 

'' 
iC'~.Joi"¡-(" "]L./)\_' o 

1·" 

" 

,JO .JO 

.so ,)Q 

·" ·" ·" ·" .so 

15 .JI ... . .. 
iJ ·" .01 -01 '1·"' \,; 0::: ~:-•• 
~~o><or4.ñ0;;,-f_-.,",'""•,j-~..,1,,.,¡_ .. , .. ,-¿,~~.hl-::=-'1~tc,;;,;-+,_,;;;,;-.fi:;;;;_..,,---+.,;;,;--t,;,r-ll>oo-l:;.,¡¡o;--h,;;,-+.r,.¡--f.H,.--f.:J1',.-i ~ ' lt¡n¡f'f¡, 
~: ,01 .01 .01 .01 .01 .01 ~ 20 . o . .JO .. ¡.so 1·" ·" ·" 

~·~-~.~.-~ .•• ~,,1, .. ~ ~-1,_,;;;0c-~ .• ~.,-h_,,,.--t_..,.,--r1.~ •• -r. ..... .-.-t.ooao--+.~.~.,-i.~.~·•-h .• rc.;--b,n,.--t,~~~t-.t.~ ••• --~ .• ;;,;-i 
~ 

; ,11 ·" ... . .. ... 1'"' ... ·'' ••• ••• 1·" ••• ... . .. . .. • •• '" .. 
• 

it~.~~.~-+.~ .. .--+.,~.--~.~~~•--~-~~•--1.·•~•'-h.o~o•-h,~,;--t,,~,~-+,~,~4.ñooo-f.~,~.--1,.,;;o;-1t,,~,.--+.~.,.--t.>,.,;--;~ .•• ,~i 

·~ ,1 .oe .01 .01 .o • ., .01 ""'' .oo .oo .00 ... .00 .oo ... ... 
... ... . .. .o. -01 1·" .01 ¡.oo· .00 ,01 01 .. .JO§ .U 

~ n 

~~ .. -,,-,-,+-¿-v--~-•~•c-~,~.---h .• ~.~-h ... ~--~.~ •• ~-+.~ •• ~-+.~.~.--+.~.~.•+.~.~.--~ .• ~.•-h,~.•-+ ... ,.--t.,,.--+ .• ,o:~_~i..,~~>ri 
01 l{f. lff¡¡, - " 

;;~.~.~~--~.~~-~.~~~~~~'~f~~¡;;:~·OO=c~~-0~0¡--+,~,.;--+_~IO;--t,¡;;OO¡--t,oooo-+.oooooi>,o'-o¡--ho~l;--t,~ •• ~-+.oz~s-+~ .. >~O'~'j'~.>~\o-~ 

~ .1 

...... .01 ,, 

~ 01 01 ·01 .01 

..n ,01 01 01 ,01 

~r.-o• .o• 01 .01 

~ 01 .QI .01 .01 

.... '" "' '"' " 
.,¡- Ol 01 01 ,01 

~ --

~. ~ 
,10 

10 

.10 

,10 

,lO 

,10 

.lO ... 10 r·•• 
.10 

.10 . .o¡; ,10 . 01 ,11 ,IS ·'· 
g 

.10 ::,.10 ,10 ... ,TI" ... f'' 
§ ... -·10 .IQ .oe .zo r""' ~ ... ~.~ 
~ 

~,, ,,,,1¡ 
10 § ,10 

~ 
E Ul i'.l L ... ~ ,., 1·'0 

10 ,10 ~,~ $' .. 

.00 .. 

.. ... 
.u .u 

... 

. .. 
.1115 .JO ,J, 

';: 
l11n\~ 
.u . )(1 _,, 

,.U ICaLa 
~lllil. 
.JO .JO 

COEFICIENTE DE 
S 

ALMACENAMIENTO 

FIGURA 8.3 

-



,. 
' 

\ 

... 
a 
e 
::u 
l> 

1: 

... 

' 



FACULTAD DE 1 NGEN!En1A U.N.A.M. 
U ! V l S 1 C> N D E E D l.} '::; !.\ C l O <'0i C O N -;-· ! N U A 

CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS 

MODULO III 

MODELOS EN GEOHIDROLOGIA Y CONTAMINACION 

APPENDIX _ 

EXPOSITOR 

ING: GUILLERMO HERNANDEZ GARCIA 

PaiJCIO dr MlllCriJ c.,uc de hcuba ~ Pllf\1'2'( ¡JI~() Q.-.lr·'l CtJ;l•rhl•'l)\'"~ (•.(.':JO_ f,l/•11/;Q, n! APDO Pu<.t;1[ ,,, ?Hir; 
TciPI'lfTO'i: 512-8955 512-5121 521·13JS 5/1·1~1l!i' f -lll r.t'0-057:1 'iil--Hl10 Al76 



APPENDIX E 

ABBREVIATED INPUT INSTRUCTIONS 
-

These input instructions are intended as a quick reference for the 
e~perienced user. Most e~planations that are contained in the complete 
input instructions given in package documentation have been omitted. The 
format of input fields is given only for those records that contain fields 
that are not 10 characters wide. Each input item, for which format is not 
given, is identified as either a record or an array. For records, the 
fields contained in the record are named. For arrays, only ·the array name 
is given. Input fields which contain cedes or flags are described. All 
other field and array descriptions have been dropped. 

Array Input 

The real two-dimensional array reader (U2DREL), the integer two-dimensional 
array reader (U2DINT), and the real ene-dimensional array reader (UlDREL) 
read one array-control record and, optionally, a data array in a format 
specified on the array-control record. 

FOR REAL ARRAY READER (U2DREL or UlDREL) 
Data:. LOCAT CNSTNT FMTIN IPRN 
Format: !10 FlO.O SA4 !10 

FOR INTEGER ARRAY READER (U20INT) 
Data: LOCAT ICONST FMTI N IPRN 
Format: !10 !10 SA4 !10 

IPRN--is a flag indicating that the array being read should be printed and 
a code for indicating the format that should be used. lt is used only 
if LOCAT is not equal to zero. The format codes are different for each 
of the three modules. IPRN is set to zero when the specified value 
e~ceeds those defined in the chart below. If IPRN is less than zero, 
the array will not be printed. 

IPRN U2DREL U2DINT U1DREL 
~ 10Gl1.4 10111 10612.5 

1 11G10. 3 60!1 
2 9Gl3.6 40I2 
3 15F7.1 3013 
4 15F7 .2 2514 
5 15F7.3 2015 
6 15F7 .4 
7 20F5.0 
8 20F5.1 
9 20F5.2 

10 20F5.3 
11 20F5.4 
12 10Gl1.4 

LOCAT--indicates the location of the data which will be put in the array. 
lf LOCAT < O, unit number for unformatted records. 
lf LOCAT =O, all elements are set equal to CNSTNT or ICONST. 
lf LOCAT > O, unit number for formatted records. 
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Basic Package Input 

Input for the Basic (BAS) Package except for output control is read from 
unit 1 as specified in the main program. lf necessary, the unit number 
for BAS input can be changed to meet the requlrements of a particular 
computer. Input for the output control option is read from the unlt number 
specified in IUNIT(l2). 

FOR EACH SIHULATION 
l. Record: HEADNG( 32) 
2. Record: HEADNG (continued) 
3. Record: NLAY NROW NCOL NPER ITHUNI 
4, nata: IUNIT(24) 

Forrnat: 2413 
(BCF WEL ORN RIV EVT XXX GHB RCH SIP XXX SOR OC) 

1 2 3 4 S 6 7 8 9 10 11 12 
S. Record: IAPART ISTRT 
6, A'rray: IBOUND(NCOL,NROW) 

(One array for each layer In the 9rid) 
7. Record: HNOFLO 
B. Array: Shead(NCOL,NROW) 

(One array for each layer In the grid) 
FOR EACH STRESS PERIOD 

9. Data: PERLEN NSTP TSMULT 

ITMUNI--Is the time unit of ~odel data, 
O - undefi ned 3 - hours 
1 - seconds 4 - days 
2 - minutes S - years 

Consistent length and time unlts must be used for all model data. 
The user may choose one length unit and one time unit to be used 
to specify all input data. 

IUNIT--1s a 24-element table of 'nput units for use by all major options. 
IAPART --indi cates whethe·r array ~UFF ls separate from array RHS. 

lf IAPART • O, the arrays BUFF and RHS occupy the same space. Thi s 
option conserves space. This option should be used 
unless sorne other package explicitly says otherwise. 

lf IAPART - O, the arrays BUFF and RHS occupy different space. 
ISTRT--indicates whether starting heads are to be saved. 

If ISTRT • O, starting heads are not save~. 
If ISTRT- O, starting heads are saved. 

IBOUND--is the boundary array. 
lf IBOUND(I,J,K) <O, cell l,J,K has a constant head. 
lf !BOUND(l,J,K) • O, cell I,J,K ls inact1vP.. 
lf IBOUND(l,J,K) >O, cell l,J,K is active. 

HNOFLO--Is the value of head to be assigned to all inactive cell~. 
shead--is head at the start of the simulation. 
PER[EN--is the length of a stress perlo~. 
NsTP--is the number of time steps in a stress period. 
~T--1s the 1Ult1pl1er for the length of success1ve time step~. 
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Output Control Input 

Input to Output Control is read from the unit specified in IUNIT(12). All 
printer output goes to unit 6 as specified in the main program. lf necessary, 
the unit number for printer output can be changed to meet the requirements 
of a particular computer. 

FOR EACH SIMULAT!ON 
l. Record: I HEDFM 1 ODNFM 

FOR EACH TIME STEP 
2. Record: INCOOE IHOOFL IBUOFL 
3. Record: Hdpr Odpr Hdsv 

(Record 3 is read O, 1, or NLAY times, depending on 

IHEOUN 

ICBCFL 
Odsv 
the value 

IOONUN 

of 1 NCODE .l 

IHEDFM--is a code for the format in which heads will be printed. 
IDDNFM--is acode for the format in which drawdowns will be printed. 

O- (10G11.4) 7- (20F5.0) 
1 - (11G10.3) 8- (20F5.1) 

positive--wrap 2 - (9G13.6) 9 - (20F5.2) 
3- (15F7.1) 10- (20F5.3) 

negative--strip 4- (15F7.2) 11- (20F5.4) 
5- (15F7.3) 12- (10G11.4) 
6 - (15F7 .4) 

IHEDUN--is the un1t number on which heads will be saved. 
IDDNUN--is the unit number on which drawdowns will be saved. 
INCODE--is the head/drawdown ouput code. 

If INCODE < O, layer-by-layer specifications from the last time steps 
are used. Input item 3 is not read. 

If INCODE = O, all layers are treated the same way. Input item 3 
will consist of one record. IOFLG array will be read. 

If !NCODE > O, input item 3 will consist of one record for each layer. 
IHDDFL--is a head and drawdown output flag. 

If IHDDFL = O, neither heads nor drawdowns will be printed or saved. 
If IHDDFL *O, heads and drawdowns will be printed or saved. 

IBUDFL--is a budget print flag. 
lf IBUOFL = O, overall volumetric budget will not be printed. 
If IBUOFL *O, overall volumetric budget will be printed. 

ICBCFL--is a cell-by-cell flow-term flag. 
If ICRCFL = O, cell-by-cell flow terms are not saved or printed. 
If ICBCFL *o, cell-by-cell flow terms are printed or recorded on disk 

depending on flags set in the component of flow packages, 
i.e., IWELCB, IRCHCB, etc. 

Hdpr--is the output flag for head printout. 
If Hdpr = O, head is not printed for the corresponding layer. 
If Hdpr *O, head is printed for the corresponding layer. 

Odpr--is the output flag for drawdown printout. 
If Ddpr = O, drawdown is not printed for the corresponding layer. 
lf Ddpr * O, drawdown is printed for the corresponding layer. 

Hdsv--is the output flag for head save. 
-- I f Hdsv = O, head i s not saved for the correspondi ng 1 ayer. 

If Hdsv * O, head is saved for the corresponding layer. 
Ddsv--is the output flag for drawdown save. 
-- I f Ddsv • O, drawdown i s not saved for the correspondi ng 1 ayer. 

If Ddsv * O, drawdown is saved for the corresponding layer. 
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Block-Centered Flow Package Input 

Input for the BCF Package 1s read from the un1t spec1f1ed 1n IUNIT(1). 

FOR EACH SIMULATION 
l. Record: 1 SS l BCFCB 
2. Data: LAYCON(NLAY) (max1mum of 80 layers) 

Format: 4012 
(lf there are 40 or fewer layers, use one record.) 

3. Array: TRPY(NLAY) 
4. Array: DELR(NCOL) 
5. Array: DELC(NROW) 

All of the arrays (1tems 6-12) for layer 1 are read f1rst; then all of the 
arrays for layer 2, etc. 

IF THE SIMULATION IS TRANSIENT 
6. Array: sfl(NCOL,NROW) 

IF THE LAYER TYPE CODE (LAYCON) IS ZERO OR TWO 
7. Array: Tran(NCOL,NROW) 

IF THE LAYER TYPE CODE (LAYCON) IS ONE OR THREE 
B. Array: HY(NCOL,NROW) 
9. Array: BOT(NCOL,NROW) 

IF THIS IS NOT THE BOTTOM LAYER 
10. Array: Vcont(NCOL,NROW) 

IF THE SIMULATION IS TRANSIENT ANO THE LAYER TYPE CODE (LAYCON) 1s TWO OR THREE , 
11. Array: 5f2(NCOL,NROW) / 

IF THE LAYER TYPE CODE IS TVO OR THREE 
12. Array: TOP(NCOL,NROW) 

,, ' 

ISS--1s the steady-state flag. 
- If ISS #O, the s11!111at1on·h steady state. 

If ISS • ry• the s111111atfon 1s transfent. 
IBCFCB--15 a fi~g anda un1t number. 

If IBCFCB > O, cell-by-cell flow terms w111 be recorded 1f ICBCFL 
. (5ee Dutput Control) 1s set. 

If IBCFCB • O, cell-by-cell flow terms w111 not be pr1nted or recorded. 
If IBCFCB < O, pr1nt flow for constant-head cells 1f ICBCFL 1s set. 

LAYCON--1s the layer type table: O - conffned, 1 - unconffned, 
2 - conf1ned/unconf1ned (T con5tant), and 3 - conf1ned/unconf1ned. 

TRPY--15 an an1sotropy factor for each layer: T or K along a colu.n to T or 
-- IC along a row. 
DELR--1s the cell w1dth along rows. 
~--15 the cell wfdth along columns. 
~-fs the prima~ 5torage factor. 
Tran--15 the tran5m1ss1vfty along row5. 
HY--15 the hydraulfc conductfvfty along rows. 
Bnr--fs the elevat1on of the aquffer bottom. 
~nt--1s the vertfcal hydraulfc conduct1v1ty dfvfded by the thfckne5s from 

a layer to the layer beneath 1t. 
sf2--fs the secondary storage factor. 
TOP--fs the elevat1on of the aqu1fer top. 
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River Package Input 

Input to the Rlver (RIV) Package ls read from the unlt specified in 
IUNIT(4). 

FOR EACH S!MULATION 
l. Record: MXRIVR IRIVCB 

FOR EACH STRESS PERICO 
2. Record: l TMP 
3. Record: Layer Row Column Stage . Cond Rbot 

(Input item 3 normally conslsts of one record for each 
river reach. lf ITMP ls negatlve or zero, ltem 3 is not 
read.) 

IRIVCB--is a flag and a unit number. 
If IRIVCB >O, ce11-by-ce11 flow terms w111 be r~corded. 
lf IRIVCB = O, cell-by-cell flow terms w111 not be prfnted or 

recorded. 
lf IRIVCB < O, river leakage wlll be prlnted lf ICBCFL ls set. 

ITMP--is a flag and a counter. 
-- If ITMP < O, river data from the last stress perlod w111 be reused. 

If ITMP >O, ITMP will be the number of reaches active durlng the 
- current stress perlod. 

Recharge Package Input 

Input to the Recharge (RCH) Package ls read from thé unlt speclfled In 
IUNIT(8). 

FOR EACH SIMULATION 
l. Record: NRCHOP IRCHCB 

FOR EACH STRESS PERIOD 
2. Record: INRECH INIRCH 
3. Array: RECH(NCOL,NROW) 

IF THE RECHARGE OPTION IS EQUAL TO 2 
4. Array: IRCH(NCOL,NROW) 

NRCHOP--Is the recharge optlon code. 
1 - Recharge is only to the top grld layer. 
2 - Vertical distribution of recharge is specffted in array IRCH. 
3 - Recharge is app11ed to the highest active cell in each 

vertical column. · 
IRCHCB--1s a flag and a unlt number. 

If IRCHCB > O, unlt number for cell-by-cell flow tenns. 
If IRCHCB <O, cell-by-cell flow terms w111 not be prfnted or 

- recorded. 
INRECH--is the RECH read flag. 

If INRECH <O, recharge fluxes from the precedfng stress period are. 
u sed. 

If INRECH ~O, an array of recharge fluxes, RECH (Lt-1), fs read. 

INIRCH--is similar to INRECH. 
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Well Package Input 

Input for the Well (WEL) Package ls read from the unlt speclfled In 
IUNIT(2). 

FOR EACH SIMULATION 
l. Record: MXWELL IWELCB 

FOR EACH STRESS PERIOO 
2. Record: ITMP 
3. Record: Layer Row Co 1 umn O 

(Input ltem 3 normally conslsts of one record for each 
well. lf !TMP 1s negatlve or zero, ltem 3 1s not read.) 

MXWELL--Is the maxlmum number of wells used at any time. 
IWElCB--Is a flag and a unlt number. 

If IWELCB > O, unlt number for cell-by-cell flc·.- terms. 
If IWELCB = O, cell-by-cell flow terms wlll not ~~ prlnted or 

recorded. 
If IWELCB < O, well recharge w111 be prlnted whenever ICBCFL ls 

ITMP--1s a flag and a counter. 
If ITMP < O, well data from the last stress perlod w111 be reused. 
If ITHP > O, ITHP w111 be the number of wells active durlng the 

- current stress perlod. 

Dra1n Package Input 

Input to the Dra1n (DRN) Package ls read from the unlt speclf1ed In 
IUNIT( 3). 

FOR EACH SIHULATION 
l. Record: HXDRN IDRNCB 

FOR EACH STRESS PERIOD 
2. Record: ITMP 
3. Record: Layer Row Col Elevat1on Cond 

set. 

(Input ltem 3 normally conslsts of one record for each draln. 
If ITMP 1s negatlve or zero, 1tem 3 w111 not be read.) 

HXDRN--Is the max1~ number of dra1n cells act1ve at one time. 
IDRNCB--1s a flag and a un1t number. 

If IDRNCB > O, un1t number for cell-by-cell flow terms. 
lf IDRNCB • O, cell-by-cell flow terms wlll not be pr1nted or 

recorded. 
If IDRNCB < O, dra1n leakage for each cell w111 be pr1nted whenever 

ICBCFL 1 s set. 
ITMP--1s a flag and a counter. 

If ITHP < O, draln data from the last stress per1od w111 be reused. 
If ITMP > O, ITMP w111 be the number of dra1ns active durlng the current 

- stress perlod. 

E-6 



' • 

Evapotranspiration Package Input 

!nput to the Evapotranspiration (EVT) Package is read from the unit 
specified in !UN!T (5). 

FOR EACH SIMULATION 
l. Record: NEVTOP 

FOR EACH STRESS PERIOD 
2 .' Record: I NSURF 
3. Array: SURF 
4. Array: EVTR 
S. Array: EXDP 

IEVTCB 

I NEVTR 

IF THE ET OPTION IS EQUAL TO TWO 
6. Array: IEVT 

INEXOP INIEVT 

NEVTOP--is the evapotranspiration (ET) option code. 
1 - ET is calculated only for cells in the top grid layer. 

- 2- The cell for each vertical column is specified by the 
user in array IEVT. 

IEVTCB--is a flag and a unit number. 
lf IEYTCB >O, unit number for cell-by-cell flow terms. 
lf IEVTCB <O, cell-by-cell flow terms will not be printed or 

- recorded. 

INSURF--is the ET surface (SURF) read flag. 
lf INSURF >O, an array containing the ET surface elevatlon will be 

- read. 
If INSURF <O, the ET surface from the preceding stress period will 

be reused. 

INEVTR--is similar to INSURF. 

INEXDP--Is similar to INSURF. 

!NIEYT--is similar to INSURF. 
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General-Head Boundary Package Input 

Input for the General-Head Boundary (GHB) Package is read from the unit 
spécified in IUNIT(7). 

FOR EACH SIMULATION 
l. Record: MXBND IGHBCB 

FOR EACH STRESS PERIOD 
2. Record: ITMP 
3. Record: Layer Row Col umn 

(Input ítem 3 normally consists of one 
If ITMP is negative or zero, ítem 3 is 

Boundary 
Head 

record for each 
not read.) 

Cond 
GHB. 

MXBND--is the maximum number of general-head boundary cells at one time. 
IGHBCB--is a flag and a unit number. 

lf IGHBCB >O, unit number for cell-by-cell flow terms. 
If IGHBCB =O, cell-by-cell flow terms will not be printed or 

recorded. 
If IGHBCB <O, boundary leakage for each cell will be printed 

whenever ICBCFL is set. 
ITMP--is a flag and a counter. 

If ITMP < O, GHB data from the preceding stress period will be reused. 
If ITMP ~O, ITMP is the number of general-head boundaries during the 

current stress period. 

Strongly lmplicit Procedure Package Input 

Input to the Strongly Implicit Procedure (SIP) Package is read from the 
unit specified in IUNIT(9). 

FOR EACH SIMULATION 
l. Record: MXITER 
2. Record: ACCL 

NPARM 
HCLOSE IPCALC WSEED I PRS 1 P 

IPCALC--is a flag indicating where the iteration parameter seed will come from. 
O - the seed will be entered by the user. 
1 - the seed will be calculated at the start of the simulation from 

problem parameters. 
IPRSIP--is the printout interval for SIP. 

Slice-Successive Overrelaxation Package Input 

Input to the Slice-Successive Overrelaxation (SOR) Package is read from 
the unit specified in IUNIT(ll). 

FOR EACH SIMULATION 
l. Record: MXITER 
2. Record: ACCL HCLOSE IPRSOR 

IPRSOR--is the printout interval for SOR. 
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APPENDIX D 

SAMPLE PROBLEM 

This sample problem is intended to illustrate input and output from 
the program. There are three simulated layers, as shown in the accompanying 
11lustrat1on, wh1ch are separated from each other by confining layers. 
Each layer 1s a square 75,000 feet on a s1de and 1s d1v1ded by a gr1d 1nto 
15 rows and 15 columns which form squares 5,000 feet on a side. Flow 
with1n the confining layers is not simulated, but the effects of the 
conf1ning layers on flow between the active layers are incorporated in the 
vertical leakance {Vcont) terms. Flow into the system is infiltration 
from precipitation; flow out of the system is to buried drain tubes, 
discharging wells, anda lake which is represented by a constant-head 
boundary, 

LA VER 1 

LA VEA 2 
CONFINE O 

LAYER 3 
CONFINEO 

Bel'. .. een layen~ 1 end 2 ven•u• nydrauhc 
conducliv11y d•v•ded byll'l•ckness • 2Xt0"''' 

O~:~lw~:~en leyere 1 ana 3 vert•c•t n.,.are•.mc 
COnCiuCIIYII)" OIWICIOCI by II'IIC:IIness • 1 X IQ·•¡, 
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Setting starting heads equal to 0,0, the program was run to get a 
steady-state solution. The Strongly lmplicit Procedure was used to salve 
the system of dffference equations: the error crfterfon was set at 0.001 
feet, the acceleratfon parameter was set to 1.0, and the maxfmum numoer 
of iterations was set equal to 50. A seed of 0.001 was specified for use 
in calculating the iteration parameters; 31 iterations were needed to clase. 

List of Wells List of Drafns 

Q = 5 ft3 /s for ea eh well Conductance = 1 ft2 /S 

LaJ:er Row Col umn LaJ:er Row Col umn Elevation 

3 5 11 1 8 2 0.0 

2 4 6 1 8 3 0.0 

2 6 12 1 8 4 10 .o. 

1 9 8 1 8 5 . 20 .o 

1 9 10 1 8 6 30 .o 

1 9 12 1 8 7 50.0 

1 9 14 1 8 8 70.0 

1 11 8 \ 1 8 9 90.0 

1 11 10 1 8 10 100 .. 0 

1 11 12 

1 11 14 

1 13 8 

1 13 10 

1 13 12 

1 13 14 

• 
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INTRODUCTION 

PROBLEi\1 1 
The Theis Solution 

With the exception of Darcy's Law, perhaps the most widely used analytical technique by 
hydrologistS is the solution by Theis ( 1935). It is therefore fitting that the flrst problem 
presented in this manual is a benchmark of MODFLOW with the Theis solution. Three 
different model configurations for analyzing radial flow to a well are examined. The 
techniques described in this problem can be generally applied to weU test analysis and 
representations of radial flow. 

PROBLEM STATEMENT ANO DATA 

Theis' solution predictS drawdown in a confined aquifer at any distance from a well at any 
lime since the start of pumping given the aquifer properties, transmissivity and storage 
coefficient 

-
The assumptions inherent in the Theis solution include: 

1) The aquifer is homogeneous, isottopic, uniforrn thickness, and of infinite areal extent 

2) The initial potentiometric surface is horizontal and uniforrn. 

3) The well is pumped al a constan! rate and it fully penetrates the aquifer. 

4) Aow lO the well is horizontal, the aquifer is fully confined from above and below. 

5) The well diameter is small, storage in the wellbore can be neglected. 

6) Water is removed from storage instantaneously with decline in head. 

All of these assumptions. with the exception of infinite areal extent. can be easily 
represented with lhe numerical model. Severa! options exist to represen! lhe domain as 
effectively infmite. The most frequenlly applied method is to extend the model domain 
beyond lhe effects of lhe stress. The modeled domain is lherefore usually fairly large and a 
limited time frame is modeled. An increasing grid spacing expansion is used to extend lhe 
model boundaries. 

The model domain is assumed to be uniforrn. homogeneous, and isotropic. A single !ayer 
is used to model lhe confined aquifer. A fully penetrating well located at the center of the 
model domain pumps at a constan! rate. The potentiomelric surface of lhe aquifer is 
monitored wilh time at an observation well 55 m from lhe pumping well. Specific delails of 
the problem are from Freeze and Cherry (1979) pp. 345, and are given in Table 1.1. 
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Table l.!. Parameters used In Problem 1 

Pan a) 

==============~~========m 
lnitial hcJd 0.0 m 

Transmissivity 0.0023 m~/s 

Storage coefficient 0.00075 

Pumping rate 4 x 10'1 m1/s 

Final lime 86400 s 

Numbcr of lime steps 20 

Time step expansion factor 1.3 

SIP iteralion parameters 5 

Closurc criterion 0.0001 

Maximum number of iteralions 50 

Represent the enlire aquifer domain by using the grid spacing shown in Table 1.2. 
Place the well at the center of the domain, row 10, column 10. Run !he model, 
noting drawdown at each lime step at an observalion point 55 m from !he 
pwnping well. The configuralion of the model for pan a and future parts b, c. 
and d is shown in Figure 1.1. ., 
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Table 1.2. Grid spudn¡: (m) used ror various model conO¡:urations 

r 
Pan a Part b Pan e 

D Row number. i DELC (i) DLEC(i) DELC(i) 
(=column number. j) (=DELRUll (=DELR(j)) (=DELR(j)) 

D 300 20 
2 200 30 1.413 

[ 3 !50 30 2 
4 !00 40 2.83 

e 5 80 60 4 
6 60 80 5.65 

7 40 100 8 e 8 30 150 11.3 
9 30 200 12 

[ 10 20 300 14.62 
11 30 20 

[ 12 30 28.3 
13 40 40 

ct· 14 60 56.5 

15 80 80 
16 100 110 

1 . 17 ISO 150 ; 
"o 18 '200 200 

19 300 252.89 
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d wedge 

a (entire squore) 

Figure Ll. Configuratfon or the model ror simulatfng radial now ror parts a-d. Arrows 
denote groundwater now direc:tion, 

Pan b) Because of symmetry. the aquifer domain can be represented as a quadrant Set 
up a second model covering only the lower right quadrant of the previous domain. 
The grid spacing for this model is shown in Table 1.2. Position the well at the 
upper left comer of the new model, row l. column l. Because only one·founh of 
the aquifer is simulated, the well discharge should also be reduced to one-fourth 
the original discharge. Run the model and note drawdown at each time step at an 
observation point 55 m from the pumping well. 

Part e) · Re·run part b with the grid spacing shown in Table 1.2. The overall model 
domain is the same size as part b, but grid spacing is finer near the pumping well. 
Run the model and note drawdown at each time step at an observation point 55 m 
from the pumping well. 

Part d) Another fonn of symmetry for this problem (radial flow) is a pie shaped wedge 
with the well at the vertex of the wedge. Unfortunately this geometry is difficult 
to represent because the fmite difference method is based on orthogonality of rows 
and columns. However, because the model is posed in tenns of conductance (a 
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FA C U L T A O D E . í N e:. ~-::: N : E:. ~--~ í .A.. U . N . A . M . 
D 1 V 1 S 1 O N DE E D L: C /', C l C N C O N T 1 N U A 

V~II CURSO INTERNACIONAL DE CONTAMINACION DE ACUIFEROS 
MODULO III: MODELOS EN GEOHIDROLOGIA Y CONTAMINACION DE ACUIFEROS 

DEL 7 AL 11 DE OCTUBRE DE 1996 
DIRECTORIO DE ASISTENTES 

ING. CARLOS HERRERA 

'l 

·ING. JOSE' ROBERTO MACIAS ALVARADO 
JEFE DEPTO.DE CALID.DEL AGUA 
CONCES.DE AGUAS DE AGUASC. 
ECUADOR 205 
LAS EMERICAS 
AGUASCALI ENTES. AGS .. 
18-27-22 

ING. GARY JAVIER ORTEGON XEQUE 
ESPECIALISTA·EN·HIDRAULICA 
COMISION NACIONAL DEL AGUA 
59-B NO. 238 X AV. ZAMNA 
BOJORQUEZ MERIDA 
MERI DA, YUC. 
45-07-25 o 24-55-00 

ING. SABINO A. REYES GARCIA 
JEFE DE UNIDAD 
COMISION NACIONAL DEL AGUA 
CONJUNTO CODAGEM 
METEPEC MEX. 
52140 METEPEC EDO. DE MEX. 
(9172)32·26-36 

ING. ·ARTURO JUAREZ PEREZ 
TECNICO SUPERIOR-
COMISION NACIONAL DEL AGUA 
MORELOS 44 
OCOTLAN . TLAX. 
90000 TLAXCALA, TLAX. 
(91)246-232·12 

ING.SERGIO MURILLO .CUEVAS 
JEFE DE DEPTO: 
COMISION NACIONAL .. DEL AGUA 
CONJUNTO SEDAGRO 
METEPEC 
50140 METEPEC MEX. 
(91)72-32·26-36 

LIC.VICTORIA E. PACHECO SECADES 
QUIMICA 5 
INST.COSTARRICENCE ACUED.ALC; 
400MTS. NORTE 
DEL PALACIO MUNICIPAL-DE TRES RIOS 
SAN JOSE DE COSTA RICA 
279·51-18 

LEONIDAS RIVERA APARICIO 
PROFESOR 
U.T. DE PANAMA 

( 507) 264 -18_- 32 

Palacio de Minen a Calle de TacubJ S Pr1mcr piso Orlr-J Cuauhlcmoc 03000 Mc11Co. O F APDO. Postal t,,-2285 
Teléfonos. 512-8955 512·5121 521·7335 521·1987 fJ< 510-0573 521--1020 AL 26 
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FA:CUL TAO ·o E ··ING~NIERIA · 'lFN."A.M. 
DIVISION DE EDUC/\CION CONTINUA 

VIII CURSO INTERNACIQNAL DE CONTAMINACION DE A¿JIFEROS 
MODULO III: MOOELOSEN GEOHIOROLOGIA Y CONTAMINACION DE 'ACUIFEROS 

DEl 7 AL 11 DE OCTUBRE DE 1996 
. DIRECTORIO DE ASISTENTES 

FIS.VICTOR 'MANUEL AGUILERA REYES 
JEFE DE OEPTO. GEOH.GEOFISICA 
UNIV.AUTON:OE N~·L.FAC.ING.CIV. 
CIUOAO .. UNI~E~SIJARIA . 
66450 SAN NICOLAS DE LOS GARZA . ( 

NUEVO LEON , -
(8)37-63-970 

GEOL. HUGO JESUS ¿A; AS" CERVAtiTES 
MINISTERIO DEL MEDIO AMBIENTE . 
PROF.ESPECIALIZAOO 
CALLE 16 NO.· 6·66 
CUND!NAMARCA 
SANTA FE DE BOGOTA' 
3361·166 

ING .. SILVI.A F.lÓRES PEREZ 
TECNICO SU~ERIOR ·, 
COMISION NACIONAL DEL AGUA 
AV. CUAUHTEMOC NO. · 2 
ZACATEPEC 
62780 ZACATEPEC MOR. 
(734)305·52 305-47. 

ING. ALFONSO GAR!CA VARGAS 
JEFE DE DEPARTAMENTO 
D.G.C.O.H. O.D.F. 
AV.OIVISION DEL NORTE 3330 
CD. JARO!N OELEG.COYOACAN 
MEXICO~ O. F. 
544·51·81 

ING.i~OOÓRO ~ABRER~ MENDEZ 
CONt.PARTE LOCAL .. DES.AGUA SUB. 
EMPRESA MUN.OE ·AGU~ (GUAT.) 
7A. 'Av. 1'2o · · 
ZONA 4 EOIF.TORRE CAFE 
GUA TEMA LA, GUA: 
502·3314·038 

!NG. FRANCISCO E. OOMINGUEZ CARRO 
ESPECIALISTA EN H!ORAUL!CA 
COMISION NACIONAL DEL AGUA. 
CALLE MORE lOS 44. . ' ... 
OCOTLAN. TlAXCAL~ 
90000 TLAXCALA 
TLAXCALA. TLAX. 

ING.DANIEL FCO.GAMBOA ·oE LOS SANTOS 
JEFE OEPTO.DE CONS.Y PROT, 

. MINISTERIO DE OBRAS PUBLIEAS 
MORANDE 59 

SANTIAGO CHILE 
361·24·28 

!NG. EOIXON C. GUTIERREZ·GONZALEZ 
PROFESOR 

·' . ' 

FAC.OE ING. UNIV.DEL ZULlA 
FAC. DE ING. 
UNIV. DE ZU,L!A 

586-1430-684 

Palacio de Mincr1a Calle de T acuba 5 Primer piso Delcg_ Cuauhtémoc ()3000 MCkiCO, D.F. 'APDO 'POstal M-2185 
Teléfonos: 51243955 512·5121 521-7335 521·1!)87" F01 510-0573 521·4020AL26 
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._ FACUL TAO .DE INGENIERIA U.N·:.A.M. 
-PIVISION- DE EDUCACION CONTINUA 

VIII GURSO ,INTERNACIONAL DE CONTAMINACION DE ACUIFEROS 
MODULO II:I: MODELOS EN GEOHLDROLOGIA Y CÓNTAMINACION DE ACUIFEROS 

. , DEL 7 AL 11 DE' OCTUBRE DE 1996 
. DIRECTORIO DE A-S_I_STENTES 

ING .. JAIME ROMAN,VILLALOBOS 
•• ' ' • .1 '~ ' :1' 

CATEDRATICO _ _ e, 

INST.TECN .. OE,CHILPANCLNGO o, 
CARR. NAL. MÓreo AAPULCO KM·_ 274 
CHILPANCINGO. 
CH!LPANCLNGO GRO, ,._ 

(271)52 y 212-52 _,-

ING. JORGE SANCHEZ MANZANO 
JEFE DE,PROYECTO . _,· 
COMISION NA~ION~l D~L A~UA 
INSURGENTES SUR-1940·4,PISO 
FLORIDA DELEG.COYOAGAN e, 
MEXICO, D. F. 
663-31-37 

ING.JUANA MARIA TAVAREZ NIE~O:, 
ESP.EN -HIDRAÍJLICA: -
CO~I~ION_ NAé!ONAL DEL_ AGUf, : 
43 OTE. 1219 ;• .. __ , __ .;;.:, 
AZURES PUEBLA 
PUEBLA, PUE, 
(91)22-40-00-90 

:.: 

ING.JUAN ADRIANO VIVAS 
COORD.DE PROY. 
CENTRO REG.DE AGUA SUBTERRAN. 
P.BUFA~O 15¿ -
SAN RAFAEL 
5600 S~N RAFAEL ME~¿~ZA ARGENTINA 
627-253-59 

ING. GABRIEL SALLNAS ~ALLEROS _ 
ESPEC.EN HLDRAULICA-
COMISION NACIONAL DEL' AGUA 
INSURGENTES SUR. 1960-5 PLSO; . _, 
FLORLDA DELEG .. COYOACAN ~-

'· ·' ! : . ( 01030 MEXICO, D. F, ,¡. -_- : 

663-22-16 663-22-12 

GEOL.LUCIA.MARIA SOLDATELLI 
GEOLOGA - , - . 
SECRT.DE EDO.MEDIO AMB:SN.PAU_L 
AV. FREDERICO HERMANN_,350 
ALTO DE PINHEIROS SN._ PAULO 
SAN PAULO BRASIL .,._. -' 
(5511) 3030-6639 

.ING. CORISELLE VEGA .ISUHUAYLAS 
ING.ESP.EN H-IDIZOLOGLA ..... 
PROY.ESP.JEOUETEPÉOUE ZA:A· 
CARR.A tASAMARCÁ KM:33· 
YONAN CASAMARCA 
CASAMARCA, PERU - _-, 
(044)24-57-30 

Palacio de Mmeria Calle de Tacuba S Primer piso Dclcg Cuauhtemoc CXiOOO McxiCO, O F. APDO Postal M-2285 
Teléfonos: 512-8955 511·5121 521·7335 521·1987 Fax 510-0573 521-4020 AL 26 
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