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ESTABll..IDAD 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, sin 
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 tamo que los 
taludes anific1ales son los lados inclmados de los terraplenes. 

También se producen taludes en los bordes de una excavación que se realice -a panir del m ve\ del terreno 
natural, a los cuales se les suele denorrunar taludes de la excavación. 

En primer lugar será preciso analizar la necesidad de defimr criterios de estabilidad de taludes. 
entendiéndose por tales algo tan Simple como el poder decir en un mstante dado cuál será la mclmación apropiada 
en un corte o terraplén; casi siempre será la más apropiada la más escarpada que se sostenga el uempo 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 anificiales 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 Íonnación han lit: tmpuut:f vanantes en la natüraleza de los matenalcs con que se haya de rraDaJar, 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 componam1ento. 

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 términos de derrumbes o colapsos de toda índole, que no dejan duda en pensar que ha 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. 

·.• 
.,. 3.- Tipos de FallaS máS comunes en los Taludes. 
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. . . 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 factores de que dependen la estabilidad de las masas de tierra se pueden agrupar como se muestra en 

(" 
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la siguiente tabla: 

Factores de que depende la estabilidad de los taludes. 

~) Factores geomorfológicos. 

a.l) Topografía 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 supeñicial 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 confinamiellto 1 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 transtctón brusca 
entre la pane superficial móvil y las masas inmóviles. 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 baJ3 y rara vez excede 
de algunos centímetros por año. 
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4.2.- Fallas asociadas a procesos de deformación acumulativa, generalmente relacionadas con peifiles 
geológicos desfavorables. 

Se refiere éste título 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 tipico de laderas naturales en depósitos de talud o en otras formaciones 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 subyacéntes, más 
firmes. 
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En tales 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 lógtco pensar que en el interior de la masa existan fuertes tendencias 
al deslizamiento, que se traducirán en deformaciones importantes 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 conante podrá degradarse por procesos de deformación acumulativa y en ctertas 
zonas dentro de la ladera se desarrollan estados de creep profundo. 

Superl¡cie de falla fOT1D•da en una hden nau:na.l. 

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 sí y la distribución aparente de velocidades y desplazarntentos recuerda el 
comportamiento de un líquido 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 plásuco. 
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5.- Fallas Relacionadas a la Estabilidad de Taludes Artificiales. 

5.1.- Falla Roracional. 

Se describen ahora los movimientos rápidos 
o prácticamente instantáneos que ocurren en los 
taludes y que afectan a masas profundas de los 
mismos, con deslizarrnento a lo largo de una 
superficie de falla curva que se desarrolla en el 
interior del cuerpo del talud, interesando o no al 
terreno de cimentación. 

Se considera que la superficie de falla se 
forma cuando en la zona de su futuro desarrollo 
actúan esfuerzos conantes que sobrepasan la 
resistencia del material. La resistencia que se debe 
considerar en cada caso panicular es una cuestión 
muy importante. La resistencia que se supone 
superada al producirse una falla rotacional es 
generalmente la resistencia máxima. Así pues, en el 
interior del talud existe un estado de esfuerzos 
cortantes que vence en forma 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 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 permita un 
cálculo numérico) o pueden adoptar formas muy 
diferentes, en las que por lo general influyen la 
secuencia geológica local, el perfil estratigráfico y la 
naturaleza de los materiales. 

Pa_t: _ 

o) Falb de buc. 

b) Talla por d p1c d.d u.lud. 

Desde luego las fallas rotacionales 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 talud, siendo ésta profundidad mayor, 
cuanto más e;carpado sea aquel. Cuando las laderas 
son muy tendidas, las superficies de falla pueden 
desarrollarse con poca profundidad. Las fallas 
rotacionales circulares pueden ser de cuerpo de talud 
o de base; las primeras se desarrollan sin interesar al 

4) FaDa lilllitada por un atr:uo fume. 

~- Fallas rotaCIIJn8e_s Sei:c~s ~as 

terreno de cimentación, 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 forma 
concoidal, con un ancho pequeño comparado con su longuud. 

Las fallas rotacionales de forma distinta a la circular iípica parecen estar asociadas sobre todo a arcillas 
sobreconsolidadas que se presenten en taludes no homogéneos, por diferencias en la meteorización. por mfluencia 
de la estratificación o por arras 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. formados 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 preswnes 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 iracturas de los 
materiales que forman un cone o una ladera natural. stem re en añadidura al efecto del estrato débil subyacente. 

~-'"'~. ·._ ;:7:.~ __ ·_.----~?! ·.··.; 
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Las fallas de una franja superficial son típicas de laderas naturales formadas por materiales arcillosos 
producto de la meteorización de formactones ongmales. Se suelen provocar por el efecto de la sobrecarga 
tmpuesta por un terraplen construtdo sobre la ladera. En estas fallas el movimiento ocurre casi sin distorsión. 

5.3.- Fallas con Superficie Compuesta y Fallas Múltiples. 

. Existen üpos de fallas que abarcan movimientos en que se combinan la translación y la rotación, dando 
ongen a superfictes de falla compuestas en que se desarrollan zonas planas a la vez que tramos curvos asimilables 
a arcos circulares. ' 
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Así mismo se distinguen fallas que se producen con varias superficies de deslizamiento. sean sirnult:meas 
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 desprenditruento suele estar predeterminado por las disconttnUldadcs ,. fisuras 
preexistentes. 

5.5.- Otros tipos defalllls, no directamente asociadas a la resistencia al esfueno 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 sanitarios, es muy imponante profundizar un poco en las fallas 
por tubificación. 

La situación típica 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 ~s bastanta más raro que el 
terraplén quede durante mucho tiempo expuesto a la acción de agua en sus dos taludes. con tirante diferente y 
desmvel imponante, de manera que pueda establecerse un flujo con gradiente hidrúlico suficientemente alto para 
generar problemas de tubificación. 

La tubificación comienzá cuando hay arrastre de panículas de suelo en el interior de la masa por efecto de 
las fuerzas erosivas generadas por el flujo de agua. Una vez que las panículas empiecen a ser removidas van 
quedando en 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 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 afirmar que se trata de puntos críticos en cuanto a 
tubificación se refiere. Alrededor de ellas se deberá vigilar muy especialmente la susceptibilidad de los materiales 
que se empleen. 

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 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 
desltzanuento de upo rotacional en el cuerpo de un talud, al igual que prácticamente todos los métodos de cálculo 
de estabilidad de taludes. siguen tres pasos fundamentales: 
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1.- Se establece una hipótesis sobre el mecanismo de la falla que se producirá. Ello mcluye tanto la forma de 
la superficie de la falla como una descnpción cinemática completa de los movnruentos que se productran 
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 
resistentes disponibles. 

3.- Se establece algún procedimiento matemático de "confrontación". para definir SI el mecamsmo 
de falla propuesto podrá ocurrir o no bajo la acción de las fuerzas motoras. venctendo el efecto 
de las fuerzas resistentes. 

La razón para que se utilice un método como el anterior es que no se ha desarrollado nmguno 
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 términos de la cohesión y el ángulo de fricción interna del 
suelo, así como la presión de poro. 

El método de cálculo que se describirá es el método de las dovelas, sugerido por Fellenius v ampliamente 
empleado en análisis prácticos en el caso estático. 

La descripción se hará con base en la figura siguiente. 

S 

(al (e) 

En primer lugar se propone un circulo 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 toman en cuenta fuerzas de agua 
en el análisis. Las fuerzas en cada dovela, al igual que en todo el conjunto de 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 Jo tanto, esas fuerzas no ejercen ningún papel en el análisis; de hecho ésta fué la hipótests 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 
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el cual se considera una buena aproximación al valor de cr., que es el esfuerzo total medio actuante en la base de 
la dovela. Con éste valor de 0

1 
puede entrarse a la ley de resistencia, al esfuerzo conante 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 
5

1
, resistencia al esfuerzo cortante media disponible en el arco~· 

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 componente normal del peso de la dovela N,, no da momento respecto 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 algebrátca, pues para 
las dovelas situadas más allá de la venical que pasa por O, la componente del peso actúa en forma contraria, 
tendiendo a equilibrar la masa. 

El momento resistente depende de la resistencia al esfuerzo conante s, que se desarrolla en la base de las 
dovelas. Así pues que 

M, =R'Ls,L, 

es una suma aritmética, pues la resistencia siempre actúa en el mismo sentido. 

Calculados Mm y M, se podrá definir un factor de seguridad: 

M, 'Ls,L, 
F ----­

,-Mm- IT,I 

El método de cálculo desemboca naturalmente, otra vez, en un método de tanteos, siendo preciso 
encontrar el circulo crítico, con el factor de seguridad rninimo. Se deberán analizar tanto los círculos de falla de 
pie del talud como los de falla de base. 

En la ingeniería de suelos es común aceptar en.éste caso factores de seguridad de 1.2 o 1.3 en los casos 
normales y de 1.5 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 estrato por el peso volumétrico correspondiente. 
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Aplicaáón del Método Sueco a taludes en au~ 
1011 estratificadol. 

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 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 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 círculo crítico 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 mcrememaria mucho la 
resistencia media. 

6.2.- Casos Distintos. 

Debido a la cona duración de.éste curso. no se podrá profundizar en los casos en que el análisis haya 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 cond1ciones 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 permeable que funcionara como un manto 
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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 eones o construido rellenos. 

6.- Exposición al rure y al agua, por cone, de arcillas duras fisuradas. 

7.- Remoción de capas superficiales de suelo por cone, lo que puede causar el deshzarmento de capas del 
mismo estrato ladera ariiba, sobre mantos subyacentes de suelo m..ás duro o roca. 

8.- Incremento de cargas hidrostáticas o niveles piezométricos bajo la superficie de un cone al cubnr la cama 
del mismo con una capa impermeable. 



8.- Caso Práctico. 

A continuación se presenta un caso práctico, a través de un talud en proporción 2:5 (honzomal·ventcal). 
en donde se han propuesto cuatro círculos de falla. 

Los círculos 1 y 2 corresponden a fallas de base en diferentes proporciOnes. 

El círculo 3 es una falla intersectando terreno de cimentación y el círculo 4 es una falla de cuerpo de 
talud. 

Se analizó la estabilidad de taludes modificando las propiedades gravivolumétricas y de resistencia al 
esfuerzo conante de el suelo que compone el estrato N° 1 (superior), considerando condictones dramáticamente 
desfavorables para el estrato N° 2 (inferior). 

Los resultados pueden observarse en las tablas anexas. 
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Análisis de Factores de Seguridad para el Talud Propüesto como Ejemplo. 
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~ Est!loto 1 Estrato 2 
;r;¡:¡~nlm3 1.6 1.1 

I!Cl~ "·¡ o 
IAns<u!o de o (ó), =do• !O 2" 

Círculo N' 1 Factor de Observaciones 

1 !.51 Valores ; """" 1 
2 1.3: de un hmo arenoso ''tepeoaoe 
3 1.29 ' 
4 ".08 

Observaciones 

2 1.78 
3 !.52 
4 2.89 

Factor de Se uruiad Observaciones 
·¡ 1.24 
2 1.11 

3 1.25 
4 1.69 

Observaciones 
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IX CURSO INTERACIONAL DE CONTAMINACION DE ACUIFEROS 
MODULO ill: Modelos Matemáticos en Geohidrología. 

Tema: SURFER. 

1.- Introducción. 

El programa SURFER. versión 4.12, generado por Golden Software. Inc. se presenta en éste módulo 
como una herramienta indispensable para la ingeniería, por su capacidad de convenir una matnz 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 dispositiv? externo. 

El programa SURFER viene equipado con una serie de herramientas,. accesorios. tipos de letra. utilerías 
y un programa de acceso a los 5 programas que conforman el núcleo principal del SURFER. 

Tales programas son: 

a) Utilerías: 

IALTERSYM.EXE Programa de modificación de los juegos de símbolos (Symbol Set). 

!GRAFIT.EXE Generador de gráficos por medio de una hoja electrónica de gran simplicidad para salida en 
formato .PLT. 

!GRIDCONV.EXE Conviene mallas (grids) del Microsoft Basic al formato IEEE. 

INSTALL.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 utllerías del 
SURFER. 

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

[fOPO.EXE Crea mapas de contorno a pan ir de archivos de malla generados por GRID. 

SURF.EXE Crea trazos de superficie tridimensional a panir 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 panir 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. 
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2.- Programa GRID. 

2.1.- Generalidades. 

Como ya se mencionó ameriornieme. el programa GRID genera archivos (en formato bmario o ase u) 
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 traves 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 XYZ. De igual manera. podrá hacer 
uso de un sencillo editor de ecuaciones de dos variables para generar las ternas de posición; asi que podrá defimr 
una función continua z = f(x,y). · 

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

2.2.- Métodos de Generación de la Malla. 

El programa proporciona dos métOdos diferentes de generación de una malla regularmente espaciada. el 
método del inverso de la distancia y el métOdo Kriging. El método del inverso de la dtstancia es más rápido pero 
no representa los datas origmales 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 y 
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 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 Nonnalización de la Malla. 

El programa proporciona dos métodos de nonnalización o uniformización de las mallas generadas, el 
método matricial y 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 y de renglones a cada lado del punto de la malla a normalizarse, así como la 
influencia al punto central de la matriz. 
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2 3 4 5 6 7 

+ + + + + + + 

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 )' las o 
representan a la matriz de normalización. La malla es de 5 renglones por 7 columnas, mientras que la matnz de 
normalización es de 3 renglones por 5 columnas. El nodo de la malla que está siendo normalizado está en el 
renglón 3 y la columna 4. 

Cada nodo de la malla bajo una x será ponderado 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 v 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 insenar entre los nodos existentes en las direcciones X y Y respectiv-amente. Este tipo de normalización· 
podría incrementar las bajas y altas de la malla original. 

• • * * * 

* * * • • 

• • • • • 

En el ejemplo anterior, los asteriscos represen= la malla original de 3 por 5. 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 totaltdad por el usuariO. 

Los datos ·de la malla deberán estar en el formato utilizado por el programa GRID, el cual está en formato 
ascii 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 mteracuvo, controlado por menús que produce representaciOnes de 
superficies tridimensionales para su salida a la pantalla. Impresora. ploner o archiVo. La entrada para este 
programa está conformada por los archivos de extensión .GRD generados por el GRID en base a dato> 
,proporcionados por el usuarto. 

A semejanza del TOPO, el SURF contiene una gran cantidad de opciones alternas. como eJeS, colores. 
tíru~os, complementación con otros gráfi~os, opciones de control de generado de superficies Y muchas otras 
opciOnes. 

5.- Programa UTIL. 

Este programa realiza varias funciones en archivos de malla generados por el programa GRID. 

Entre tales funciones, se pueden encontrar las siguientes: 

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 superftcial 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 entre el volumen positivo y el volumen negativo. 

Métcdos de cálculo.- Para el cálculo del volumen 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 conuene mucho ruido, los resultados de aplicar éste programa no tendrían 
sentido. · 

Slice. 

1 Dado un archivo en el formato de Línea de Frontera (BLN) que contenga líneas 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 líneas de la malla. 

Un archivo de datos DAT conteniendo datos X, Y, Z en columnas 1, 2, 3 y la distancia en la 
columna 4. 
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Residuals. 

Residuals calculará a un archivo de malla generado por GRID. y un archivo de datos. generara 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 permite observar detalles del gráfico generado \medtante 
sencillos comandos de ''zoom" y "pan"), así como permitir la generación por pasos. Esro és. observar mediante 
control del usuario. la generación de las líneas que componen el trazo. 

Este programa acepta archivos de extensión . PL T y no genera nada. 

7.- Programa PLOT. 

Este subprograma genera salidas a impresora, plotter o archivo previo procedimiento de "optimización". 
conviniendo 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 archtvos 
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 (plot) de cualquier índole, bien generados por TOPO como por SURF. Son 
leídos por PLOJ' o dentro de las utilerías de impresión de TOPO o de SURF (que no son smo. 
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 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 códtgo ASCII y 
que representan un polígono bidimensional que se implanta en un mapa de contorno o en la 
generación de una superficie. Puede generarse externamente al SURFER. 

.DAT Archivo que contiene datos (vectores de posición. localización de pumas. daws par~1 un contorno 
o vénices de un polígono); puede estar en ascit o en bmarió. Este tipo de archtvos son leídos por 
GRID. SURF y TOPO. 

.GRD Archtvos que contienen (en ascii o en bmarw) la malla regularmente espactada 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 ingles técnico. 



Apéndice 3.- Requerimientos para el SURFER. 

El SURFER puede copiarse íntegramente en un disco de 3.5 pulg. de alta denstdad (1 44 Mb) y 
ejecutarse en la unidad de disco flexible de cualquier computadora serie 286 y posterior sin nmguna dificultad. Tal 
computadora de preferencia deberá contar con 1.0 Mb o más de memoria RAM. 

Probablemente no tendrá usted problemas para desplegar sus diagramas en el momtor. 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 Hercules ' 
Oltvetti. 

Esta versión no sopona (que lástima), mouses ni tabletas digitalizadoras. 

De igual manera, en el programa INST ALL 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 puenos de salida. serial o 
paralelo, la velocidad de transmisión para el pueno serial y la elección de plumas para los plotters. 

~ 

1 



Apéndice 4.- Tópicos Relacionados con la Evaluación de Volúmenes. 

1.- Cálculo de integrales . 

. Aunque la existencia de la integral de una función conunua se asegura fácilmente por rnedto de la 
aplicación de los teoremas fundamentales del cálculo, la evaluación o "cuadratura" de dicha mtegral no puede 
realizarse mediante funciones elementales, salvo en casos relativamente raros. Deberán desarrollarse. por 
consiguiente, métodos de integración numérica y también de estimación de la exactitud de tales aproxtmaciones 
numéncas . 

. Para calcular en forma aproximada la integral 

b 

J = J j(x)dx 

' 
con a< b, se subdivide el intervalo aíxíb en n panes iguales, cada una de longitud h = (b-a)/n. mediante los n + 1 
puntos · 

x,. =a+ vh,nh = b -a, v = 0,1, .............. ,11. 

Entonces. 

v==J 

donde 

x, 

),. = J j(x)dx 

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. 

l. l.- Aproximación mediante rectángulos 

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

" 
J = ¿;, __ h( j¡+ !,+ ........ +.f,) 

,.:.¡ 

donde por brevedad, se ha hecho 

!,= j(x,) 

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 cuana derivada de f existe y es uniformemente acotada en el intervalo 
dado. 

La fórmula de Simpson para n = 2m es 

J 

Tomado de: 

R. Courant y F. John. 
"Introducción al Cálculo y al Análisis Matemático", Vol. l. 
Cap. 6, Métodos Numéricos. pp. 501-505. 
Ed. Limusa, México, 1971, 1' Ed. 
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EXTRACTO DEL MANUAL DEL SURFER V. 4.12 

Contenido 

Programa Pág. 

SURF Menu 

TOPO Menu 5 

UTIL Menu lO 

AL TERSYM Menu 13 

GRID Menu 16 
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SURF 11 an mll:rxnve. menu-dnven ¡tnp1!1cs pro¡rram lhal produces !hrtt 
dlmeJUIOIUI surrace represe~noru; tor ou¡put to tlle screen ¡mn~r or 
oiOlll:t Gr1dded nata '" lhe rorrruu w;ed ov tlle GRID oro¡¡ram 11 lllllut rrom 

113ta f1ie 1n ellher ,o.SCII or Olllólf> rornut Thc ll!tes¡ "'a' 10 "•"' • plo 
,n ~ rriPI'liCI screen rrom DO!. 11 to tvpe u..e com!T\i.nC 

SURF l1lenamt: 

and press runcuon key F:Z filename 1s any gnd file proouced b~ the GRID 
program. and rnav 1nclude an opnonal dr¡ve and pa1h lf the e~lei\SIOn 11 
omnted. GRO wlll be used The surtace plot woll appear on the screen usmg 
dcfault values for tlle COIUOut and plot ¡w-amcll:rs To modtf) the ddault 

valucs press Ese 10 re1urn to lile Mam Menu 

lopul Menu 
'ou ma~ speCIIV !he name of !he tn¡IUI ¡tnd file and whethcr lo mput the enure 

file ora !'>ar1 or me ftle corrcspondm¡t toa sub¡trld 

l~ut gnd lite Tlle tnput gnd file must be a val1d DOS filespec tollstSimg 

of 111 01monal dnve. opnonal path. filefllf!IE. and OJ"IOIII.I 
C:llle!DIDn lft!Je UICIDLOn IS omuu:d •• GRO lS used. Tlle 
file 11 rcad when the popup me11u lS eJ;]ted. 

F1rs1 and last Ttlesc opttom are used to spec1fy a rectall!iiular suDgnd from 

rows and columns thc ort¡tinal gnd lile Rows and columm are numtlered 
swung wnh l. Tlle clcfault values of l and 32767 w11l rcad 
\be cnurc gnd. 

, .... 
Pro¡ecuon Onhograph1c ¡no¡ectlon !S be1ter when mcasurcmenu are 10 be 

Wen off tne surlace Plral!d ltncs wtll rcrnam parallel The 

pcnpecuve pro¡ecuon crcatcs a VISual cffect s!mtlar to lhat of 

Jh:c human cye Patallellmes appc.ar to conver¡:e ata distara 

stmtlar 10 ratlroad !fack.s at the honzon 

Rotanon Thts 11 thc numbc:r of de~rees trom me po51t1'e X Ut> T~ 

surrace appears to rotate cloc~w1se or equtvalemlv the v¡ewer , 

eve appcars m ro~a1e coumer-clockw1se o-lookmg west 90=south. 

l80-eas1 270=north. 

Tth spcc11iu the angle abov! or below thc X-Y planc. from 

wh¡ch the surtace IS to be v1cwed. The dcf.auh of 30 degrecs puu 

thc v1ewer's cyc 30 degrces abovc thc planc 

Surface·Eye Dtstance of thc vtcwer's cye to thc center of thc surface 

Dutance Thts parll!leler ts w;ed only wtth pcrspecuve pro¡ecnons. and 

mliSt be largc cnough so thc eye falls OUI.Itdc a cuculllScnbing 

sphcre around thc surface. The penpccuvc effec1 mercases 

wuh decreasmg dtstance. Note that small dtstatas rnay cause 

huMen hnc errors. 

RemcM: htdden Answer Y u 10 removc lmes hidden by surface fcaturcs closcr 

lmes to lile eye. No wtll bypass !he hldócn hnc rcmoval and plot 

all hncs as lbough lile surface were U'Olmparem 

V¡slble surfac:e Enter Uppcr to pl01 Iones only on thc top of the surface. lower 
to plot only the lower surfacc and B01h 10 p\o¡ both tlle uppcr 

and lower surfaces. 

LJneTyp 

Plot constam To plot hncs of constan! X. Y and Z erucr any comt11nauon 

CX.Y.Z) 

Lme color 

of lile 3 lettcrs X. Y. or Z Llncs or comtant Z wcll crea te 

a sw:kcd coruour plm. XY lmcs creatc a fishnet plot 

lnteger from 1 10 15 

Mintmum Z contour lf sw:kcd conrour hncs are lo be ploned. thc user m:~y 

Mutmum Z contour spec¡fy thc hmlts and !he III!Crvtl.l betwccn conwun. The 

Z COfltout nuerval mtcrval must be poslllvt. and thc mm¡mum < = maxtmum. A 
maxtmum of 200 coniOUf lcvcl5 wtll be plotted 

Levcl file I.DAT] ASCII file ccmtamtng artmruy values for thc levels of 

uackcd COIIlDUT hncs Values needn'l be ordered nor 

equal\y SpacEd. lf Jh¡s file IS Sptetfled. the preVIOIIS 

Dntw bordcr 

!hrce responses (mm. max mtervall arr: tJnorcd. and 

tiiiCrval 1.1 se¡ to "NI A •. A maxtmum of 200 le veis are 

allowed. 

Th!S Clphon u m dfect1f only Z conwurs are ploned. 

Z Color z.onc file 1 CZN] The \IStf may spectfy a fik! coma1mng mformatton 

for color z.ones For cumple. tf thc file conu.ms 

so o 
30.0 

lOO 

!he followtng threc hncs 

tben color 5 ts used tf Z > • 50.0 

color 2 1.1 used tf 50 O >X:> • JO O, 

color IISI!Kdtf300 >•Z >• lOO. 

and. lile color 15 undcfined tf Z 'S JO O 

.l J 

Hera.acomouroflevel Z .. 4QO,.tll toel'totted tnro1or: a.< "lit­

contOJr ot ievel Z = 30 O 

T~ nlue~ \R tlle f11e are soned m tncrcastnj! orocr 01 ?. S•' '"u"'·" en:~ 
U\C IIIIC'I In an~ Of0Cf 0111 11 IS IIIISC 10 ente! UlCm 10 ClltlCI lr<:!CI.<I~· <' 

occreasm~ orocr to le .. en 1~ enance ot a muta>.< 

Wnn j10CO<I Color CIIOIC"' coru¡ocrm~ tnc eoton i\lllible on tn:: o~l¡'lw\ ""''•' 
a n1ce spectrumot colors n'lh oe cro:atea "ltn redllor h1~1U wr e~amp1~. an.:: 

blUCS 101 lO"' S 

·~· An ~que base may be addcd 10 U>e plo¡ 10 f"C tne sunace ~ solod bl<""-'-

effect 

Pl01 base Emcr 'U 10 pl01 1 base 

Base he1~ht Automanc Wlll set !he base hC!jlhl 10 tn~ mtmmur\ 1 'aiur 1'1 tnr 
lf(lUtjlnd Atternaltvet) lhe Dase he1~n1 nu' toe sDCCU!NI 1<' 

c.halllte thc JhJÜ,llCSl Of \llC lli$C Lari!!e 11C~Ill\e \'aiUCI l'l\~· 

rr:.suh tn a plot that dor:s r.x fi¡ on thc scrttn .. hile lar~: 

poscnve values may resuh cn a slan whiCh OD:Scurcs thc sunacc 
l.M¡r: bases may n:qutrc !he eye dtstance m !he \ 1ew rnenu w 
be tncreased. 

Plot vertiCIII These 'vertJcal hn::s are drawn rrom !he: sW'face to the bouom 

lwe hn::s of the lwe and are s~ lhc P.mc: as thc X and Y mesh lmes 

Bue color Any tnll:~r from 1 10 15 

''" Th1s mcnu al!o .. ·s the user to spccny te\tual tnrormauon tor the Die': 

PlotTnle a lltle aM 11.1 placemcm ano appeJ.raro::e. 

A~aTnlel border unes \IXIS tules) and 1ne1r appcarar>e< 

EdnTn! 1eu Dlod.s and thetr pl;acemcm and &¡J?C:araocc 

RetnevcTnt a file trom whiCh 10 rcu1evc te~t bloc>. mtormauon 

Lti!!Cnd a lc~end and 11.1 placcmem and appearaoce 

Tille 

Pl01 Tnle rnay be O 10 79 characters (quotes are r.x ncedcd¡ 

Symbol set For help. selttl Symbols abovc 

oomb<• 

Tnlc Au10 wtll center !he mle below !he map. Alternat¡veh the 

po$1\ton user may spectfy thc coordtnatcs.Jn tnches of the lowcr ten 

corn::r of \be first charKter of !he lltlc The mle mav al so be 
posUIOlZd by pres5lllg AJt-T Whlle VtewJn¡ thc plot on thc: 

·=" 
'Anglc ts any valuc 1n dcgrces The angle ts mcasurcd countnclockwtse 

from tlle +X Utl E g 0=-honzomal. 90• vcrucal up 

He1ght ts any posmve valuc tn tnchcs. lf 100 small the 111le nuv 1101 

be rudablc lf too Jar¡:e. n may 1101 fn on 1he pl01. 

Color IS any mtcgcr from 110 15 

AJUSTIIIes 

Tnle• may be Oto 79 character• (QuotCS are nol ~~tededl 

To rcmove thc tille. dclc1c all charac¡crs wnh the Del kev 

Svmbol set For hclp. sclect Symbols from the hclp mcms abovc 

number 

Het¡ht 1.1 any pos tUve valuc mtn::hes. lf too small.lhe tules may 

not be rcadablc lf too Jargc, niNiy r.x fit oo tbc plot 

Tule·la.bel Any numbcr. tn ln::hcs. 

dtuara-

Color ;:any 1nteger from 110 15 

EdltText 

The uscr may edu. cra.ll:. or dcletc text block.s To 

erute crur a CWTem tcKI block numbcr grcater !han thr: largest cxtant 
ICXI block 1111mber 

dcletc amwcr YES to lile c!Elctc prompl. 

edil anothcr text block, cnll:r a ncw value for curren! teJ;I blocL 

Symbol set For help. sclec1 Symbols from the help men~ above 
numbcr 



He1p!t IS any pmmve value m tn::ha lf wo unall t11e ~eu n:'l~ 
oot be tudable. lf too l:arp. n INIV 1101 fu on Ole olot 

Cotor ts anv true~er trom 1 to 15 

Tell Auto wtll ¡:nace Ule ten to tne n~ll! of tne 11101 Alu:rtuuvc:ll 

postnor. me IUer mav speen:; the cooroltNteJ of lown lell corrrr of ux 
ftrst characu:r ot Ute u:xt The u:xl mav also tle post!lone<l b' 

press>~ Ah-M whlle v'e"'l!lf! lile plot on !he scrcc:n lf tllere 
ts more than one u:xt bhx:k on tlle sereen, tlle tell m~at be fint 

captured by movon,: the crosshatrs closc 10 tlle lower left comer 

oi tlle first tharacu:r of tbe u:xt. and preumg Alt-C Tl'oe 
tell INIY also be uzed ( + and -l and routed (Ah-P for 

countetclockw15e. Alt-N for clockwose rouuon¡ on tlle s.creen 

To edn Move lhe cursor Oown 10 me destred ltne of teU and begtn text 

text cnlry lo deleu:, use e1Uter Del or Back-Arrow To lllSCrt, 

oress lns 10 tOü!le tnto msen mode, preu na secor.d mne to 
n;t lt'ISCrt tllO(le ITvoeOver 11 tne detault mode 1 Use Home aoo 

Ena to ~oto me oegmntn~ or eoo oi a l1rc. 

5¡:lcct.al Ccrtam Alt·Kcys havc: spcc¡al funcuom for tc~t emry. (inchxhn¡ 

Kcvs mies¡ Sec Kcys. page 2 for more help. 

RrtrieveText 

'uu may spcc1fy tite na me of thc mput tell ftle and wha¡ todo w1Ut extsttng 

tcll bltxks 

Tcxt f1le The 1npu1 text file must be a vahd DOS filespcc COOSISIIng 

of an opt10nal drwc, opuonal patit. ftlcname. &nd opuonal 

HIC!ISIOn l(thc ClltllSIOtl ISOn1Jited, .TXT IS used. li 

tne path ís omnted lile path (1f any1 spec1fied by !he 

Da11PaUt optton under Env1ron 1S used The file IS read when 

tlle popup mcnu LS cx1ted The file must be m thc tormat 

spccified for .TXT files 

l-Ile read 11 no tcxt blocks curremly e:ust. Ut1s optton has no affec1 

mode Jf IUt blocks do CltSI Appcr.d Wlll tad 11'1 tlle U:ll blocks 

Plm 

mto thc followm~ empty blocks. sh1ft1~ the lndcx ap!lfOpnately. 

Delcteflnl w1ll dclc1c all currcm u:xt blocks before readmg 

OvcrWnte w1!1 mod1fy any e11S11ng tc11 bloclr.s wnh thc ncw 
1nforma11on For dclltls see the INinual. lf an attempt LS made 
10 rad more text blocks than Ute m&ltlmum, !hose blocks w1ll be 

1gnorcd 

'-"'"' 
Emer Y es 10 plol the oncntauon lc~end Thc lc~cnd 

ot1Cntatlon 1llustratcs lhe rotauon of \he surfacc about tlle Z axu.. 

kgend 

Lcgcnd Auto woll ccntcr tite legend ncar the Jower rt~ht corncr of tlle 
pmmon plot Altcrnauvcly thc user INI~ spcc1fy the coordltutes m 

1nches, of thc lowcr lcft corncr of thc lcser.d Thc lcger.d may 

also be posmoncd by pren~ttg Ah-L wh1le v1cwmg tlle plot on 

lhe screen 

ts any uuegcr from 1 to 15 

·~ The user may se lec! to Qraw and labelany or &11 of me X. Y, aJVJ Z axes. The 

ues ar.d u u. mies are plocted m me XY. XZ, or YZ plane. 

Plot AxiS E~r Ya to plot lhe &XIS and opuonai!IC marks and mlc 

Aus color lntcgcr from 1 10 15. 

A~u symbol sc1 Clwactcr set for me labe!s. Sec Symbols aboYe for bclp 

AIUS plane Thts IS !he planc m which tlle uc maria, he mark labels. and 

U:JS mle are tlrawn, Tl'oe followm¡ t&ble LS us.c4 

AlUSj .,w 1 Normal Fl-¡uh<IO luii>•IOI 
-1--1--1--1 

X 1 xz 1 XY 1 XY xz 
y 1 YZ 1 XY 1 XY YZ 
Z 1 use Z and clmut LI.LS (X or Y) j revene of Auto ar.d Normal 

TIC dtSt.ato:C Spacmg bctwcen IIC marks tn data UntU 

Labeled uc Auto wtll place labeb so they do 1101 DYf:rlap Entry of S for 

frequcncy cumple Wlll cause cvcry Stli uc 10 be labeled 

Label foriNit Selcct ForiNit abovc: for hclp 

Label an¡lc An¡lc of labe1s rclauve 10 the axis 1n de¡rees, O O w11l plot 

labels m ume duuuon u uu.. 90.0 wtll piOl perpendiCUlar 

TIC 10 label Any number. on 1nches. ThiS and ot!Er urh spcc¡f~tauons 

diSWJo::e below are rei&Ttve 10 thc pro,ecuon ~-

Label hc1¡1it Posmve number, 1n 1nchcs. 

••• 
The 0101 mli:V ~ ul.C(J m !WO atrecuons 

IIOfl:rontalh The len,:th ol !he 0101 oue IX. Y 1 m o nene~ m:n t'o<" sr-.·;n 1C• 

E11.ner SJJKII' Len,:Ul o1 lOflltUtl>Ge o1 o~e 1n u·•:n~-

or, Numorr of Qa~ un>u pct tnch 
Thc oroauct of lhc t.,. u '"-lues 1s thc le~tn ot 1ne to!tfe'' sto, 
tn o.a~ untu, Hence. onlv onc or tl'oesc m.n oe specoúe~ 1 n< 

sllortcr siOe ts Octerml!led prqxx-tton.~ll~ 

VCMIClll~ lhe pJOI: INIV be CUQ.CT11.ted VCM>t.a.lly by specU'y1!1f! thc: 

Z J.C~le IKior 

The ctlrTcnt Z sca.le tactor IS ~1.-cn on IJic scrttn 
Ad1u11 U\15 ~tor upwards or Qo>o.n.,.anlS 10 mercase or ~cre;ue 

!he vemcal n.ap:en.uon W1th AuloiNIIIC the l sca1e lactnr 

1s Ctlosen to crca!c asur!acc half as t.all ;u lhc !en~1h ot the 

d1a~onal across Ule XY plane 

The user mav spcct!v ¡ ~on~crs1on rac1or ... hcre tne;.. and \ um:< awc. ¡.,, 

cum¡m. 111M 'r unns are YMilS ai>d ti'IC X umu. are lec: tnc IUC' ~Jn e m~· 
!he value of 3.010 spcc1fv lhat 1 O Y unns cqual 3.0). umu. 

xn .... 
The boundarv f1le LS an ASCII file uscd ior df11.w¡ng hne segmems on !he plot. 

The file may con111n one or more scttes o! conllC(:tcd l1ne~. and 1s 1n the ume 

formal u !he blanknt¡ files used m the GRID pro¡ram. 

No hlddcn hne removalu. done on lhe ltne SCI!Imenu The hnes are an.:hored' 

10 tbe surlace only 11 !he vcniCCS spec1fted m the file ~ se~men~ .,.111 

requ1~ uuermedllte po1nu 10 clü§cly foliO\' thc sunace 

Each hnc LS descnbcd by a se! ot veruces m lhc bound.arv f1le The ,-,,,, 

row oftbc file hu atleul one valuc Thts valu.e LS the numt>er ot po1nu !'., 
spcctfy1ng thc ltne, The ne:u N rows of thc file con~am the cooram;ue~ ot 

thesc potnu. each row contalntJI$ IWO valu.es. an X and Y cootdtnale 111 <lata 

umts 

Eumple 

' (0. ~) l\ 

1 

1 

o o 
150 
o 
o o 

Pm< 

1 \ 
(0,0) l\( 1.5,0) 

Th1s menu allows the uscr 10 spccuy pos un¡ mloriNiuon .ror the plot 

Sclect 

EdnPost posun~ bloclu. 1nclud¡ng tbc1r creauoo and dclwon 

Sdecuon of EdnPmt thc first!lme w1ll &uiOTIUIUcally create 

the flrs1 posung blocl 

RcmC"VCPost a file frorn whoth to retneve pmun¡ block mtormauon 

EditPmc 
Post da~ potnts Emcr Y u to plot data potnts, tndtcated by a vcrt1calltnc 

from me da~ pomt locauon on thc surlacc toa labd No 

ludden hnc removal 15 petfurmcd on thc labcls o.- vcrucal 

hnes. 

Posung file The posun¡ fiJe muu be 1 vahd DOS ftlespcc cons1stm~ of 
an opuonal dnvc:, gpt10111l patit. filenamc. and opuonal 

CltCIISIOn lf lhc e11Ctl51011 LS omUted .. DA T \S USCd 

Th1s ASCII file conr.ams the data 10 be pmied wnh an X 
coord1natc . .1 Y coorduau:, and 1 label. 

X. Y and Ubcl Thae are the c:olumrao of tbc f1le COIUJtnlng thc X and y 
columns coorduatc:s, and lhc label to be plocted 11 !he X, Y 

coorduates. 

Label format ForiNIIIO pnm labels m Character formal w1ll pttm 

the labcls er.aaly as they appear 1n 1hc file, Selcc1 
Formal above for more hclp on numerl(' formau. 

Number of d1~1ts U sed whcn Labcl loriNII 1s ICt 10 a numcttc tormat 

Label symbol sct For hclp, sclecl ~ymbols from 1he help menu abovc 

Label heJght Thc he1¡ht of thc pos un¡ label 1n 1nchcs 

Label angle Anale ot the label aboul ns bonom lef1 corner 1n dcgrecs, 
Label color lnte¡cr from 1 w 15. 

Rclauvc pasman Rclauvc X, Y coonillllleS m oncha. of the bol 1om lcll corner 

of !he bbel u meuured from the 1op of the vc:mcal hrr: 

M ancumple .. 5.1. wtll pJO( the boUom lc:ft corner of cach 

labcl O S tncha 10 the right and 1.0 tnchcs abovc: the top of 

!he vemcal l1ne from thc: tWa pouu .. 

Lcn:gtit of label LcnaUt of the venal hne m tnt:hc.s, from Utc data pomt 
hne. In mchcs locauon on thc: sutface 10 !he label 



Reuw~Pm'l 

) ou mav spectfv the namc of tne tnput pon file and wtlat 10 do wtlh exrsllfli 
post block.! 

Post file Tlle t~ut post file must De 1 vahd DOS fuespec con.stSllllf 

or ~nopuoml an•e opnonal path fllename. ano OJIIIOI\31 

euen.ston l! lile euenston ts ommed. PST •s uscC 11 
lhc path 11 ommed tne path (U anyJ spc:ctfied by !he 

OauPath opuon under Envtron 11 use!.! The file 11 read when 
thc: popup menu 11 ex1ted Thc file mus! be 111 the tormat 

spectfled for PST files. 

File read lf no post block.! curremly exrst thrs opuon ha.s no affcct 

mode lf post bloc.ks do cxrst. Append w!ll read m the post block:s 

11110 lhc follow1n¡ cmpty block:s. sh1ft1n¡ thc tndex approprwcly 
Oeletefn-st wtll delcte all eurrem post blocks befon: rtldtng 

OvcrWrtte wtll modtfy any e:usung post bloclu wtth the ne11 
tmormatton For OCU!b. sec UlC manual Jf an attemp1 zs nw1c 

10 re.ad more post bloch !han the mutmum. lhosc block.! w¡JI b<" 
1gnorcd 

""'•"' Crute a plot fllc of thc curre m sur&ce plot. Opuomlly, scnd oucput 10 a 

prmter or plotter v.a thc PLOT program 

Name of plot me Spc.ctfy the opuom.l dnve. opuona.l patb. filenamc. and 

opuonaJ c.r.tens10n of lhc plot file 10 CI'ei1C 

Scale W::tDr Scale factor for thc emirc plot. For cumple. 2.0 wtll 

makc the piO. IWICC as btg 

Pa.ge postuon Posmon of the ennrc plot m mches. from the bottom lcft 

comer M¡¡v be used to offset mulnple plou when appendtng 

Plot file tormat ASCII may be re.ad by any u:u ednor Btnary ts efftctcnt 

Ftlc wnte modc · Overwrn.e wt!l c.aust the plot to be wrnten ovcr any old 

mformauon 111 thc file (hcnce daU'oy1ng H) Append wtll 

wntc thc: current plot at thc end of the speczfle!.l plot 

ftlc lf the plot file does not C.\tst. a new onc wtll be 

cre.atcd 

Numtter of dcctmal Accuracy m decunal dtgns of values '" thc: plot file Thts 

d1gtts m file value should reflect thc rcsoluuon of the output dcvtce. 

Scnd plot to Answer Y es to call program PLOT fTom wuhtn SURF. PLOT 

tnsalled deviCe tmme~hately begtns plomng on the tnstalled pnmer or 

plotter Be sure to tnst.all PLOT ftrst 

On-Screen Vtcwin¡ 
Select spc.cta! funcuon key F2 to plot the currem comour map Prcss an)' 

key C:tcepl Ese 10 begtn on screcn dtgmzauon •nd edning Movc thc: 
crosshatn wtth the arrow kevs To changc the ITIO'o'Cment step-stzc of the 
crosshaus. prcss any number from 1 tsmallcsl nep) to 9 (llli'JCSI step) 

To movc lhc utlc. IISC thc cronhan and Alt·T Only thc last posmon of 

thc utlc will be stDred Thc coordmuu of thc new Utle lot::anon w1ll -

appe.ar m the Tute pop-up Move thc le¡cnd tn thc sa.me way as the mle. but 

U$e Ah-L 111 place of Alt-T 

On-Scr.n Tn:t Block P05ItiODUII 
To ITIO'o'e au:xt block. fint capture tt ustng Alt-C. Place the crosshatn 

close to thc lowcr left corroer of thc telt block and prcss Ah-C Titen move 

thc crossh¡urs to thc new locatton and press Ah·M Tbe text block wtll be 

redrlwn wuh thc lower lcft corner at the crosshatr locauon. 

After a tUl block has bcen capnued. the stz.e may be tn::rcascd by presstn¡ + 
Slmllarly,- w1ll dccTcase t\S ltU, Alt-P wtll T!XalC posthvely tcoumer­

clockwtse) and Alt-N w!ll rou.te I'ICJ!3llvely The rou.tton SlCps may be 
tn::rea:~ed or decre.ased by presszng thc numbc:rs from 1 to 9 a:1 tor movemem. 
9 represents the lllt'gell rotatton. of9'J de¡trecs. 11 gtves 45 degrecs. 7 gtves 

~~.5 degrecs. and so torth 

Thc Tules and the Lcgcnd CI.IIDIX be med or I'Oiltted on the scrccn 

Thc map mle can be znovcd v~a Alt-T and thc lcgend v.a Alt·L. but thcy 
can.not b<" ca¡nurcd v~a Alt-C. 

S,mbol sm 
Tite followtng Symbol uts (fonts) are •wnlable. Thc scu may be altered IISIIIJ 
the ALTERSYM progn.m 

DEFAULT.SYM Butlt m to SURF 

SETJ.SYM S1mtlar todeb.ult 

SET2 SYM Stmplu Greek 

SETIO SYM Trtplu Rotn3n 

SETJJ.SYM Tnplu Jtaltt:s 

SET12.SYM Old Gcrman 

SETJ.SYM Script SETIJ.SYM Qldc Engluh 

SET4.SYM Stmplu Roman 

SETS.SYM Duplu Greck 

SET6.SYM Stmplu lt.ahC$ 

SET7.SYM Ouplu Hcnltey 

SET8.SYM Duplc• Scrzpt 

SET9.SYM Cyrtlht: 

SET14.SYM Old lt.al.an 

SET15.SYM Specza! Symbols 

SET!6.SYM Spcc.a! Symbols 

CENTERED.SYM Ccntered Symbols 

For math symbols. use SETIS and SETI6. The DEfAULT svmbol sct conta1rrs both 

centered symbols anda complete clwacter set. !iincc th1S ts buth 111 to 

SURF. 11 docs 1'101 nccd 10 be toadcd and w1ll plot f!!.tef Jf 1 piOI file ts 

to be aultd CENTEREO.SYM wtll be subsllluted 11'11' OEFAlJL T -'" ~1 tr>' t~: 

posunr oeruered svmbol 5Ct 

Usi.Diil tM Help sm_. 
Toobc.atnllclpretevarutolllCcurrenttop,cprus Fl 1/le HELP~n T,· 

001.1111 rurtner llelp. UlCCl any ot Lile OPnons at ux tOfO or lhts scree· 

T o setect a Help OPnon enher type !he ttrr.t lener ot me 0!>\llln ,,. "'"'"1' 
!he potntcr "nh 1he arro" k.C\"S and preu ux Emn ~e' 

To cx11 the help svstem and return to tllc SURF menus. prcn tllc Ese I:C\. 

Spcaal J,.rvs 

Thc followtnr kcvs ha~c spccul pu:poscs· 

Fl Help 

F2 Vtew C\IJl'Cnl plot on screcn 

F3 Rcrurn toSURF Menu 
F4 Save all cum:nt scmnrs 111 a spc.cuied romm.uxl f1le 

Allows tor savtng tell btocU 1n a T:'\1 file and 

post blocb zn a PST file 

Shtft F4 S~ h!Jhh¡h!cd scmn¡ znmmmand file SURF CMD 

FS Dtn:c:IOf)' 

Ese Bai::k up 1 lcvel CExtu SURF at the SURF Menul 

ElllC:r Selec1 C\lfl'Cnl opuon: be&tn proceutn:g 11 on boaom 1'0\to of pop-up 
Arrow keys Move htghhJhtcd potnter 

Homc. End Move to thc beguwn¡ or cnd of a text hne. 

Durzn¡ telt enay (m Tztle. AlisTttles. EdnText). thc follow1ng kcys ha'e 

speclll p!D'j)Oies: 

All·U Supcrscnpt Any te:tt that follows w¡l\ plottcd as¡¡ supcrsCripl. 

Ah·D Subscnpt Anv tC:tt that follows wtll ploued as a subscrtpt 

Ah-N Normahu. Undo a preced1ng supc:rscnpt or subscrtp: 

Supcrscnpts and subscnpu mav be nestcd To go back to UlC noriTiill stle 

tltere tnust be as many Ali-N on that hnc as superscnprs and SUDScrtpu 

Alt-B Back.spacc onc character. usmg the curren! stzc (1 e 11 "1ti1Ln 

a supc:rscnpt. bacbpace us1nr thatstze 1 

Ah·F Sclect a new font. Must be followcd by 3 dtl:tl 

Alt-O Sclcct ort¡tnal tont (the dctault tont tor thts nem) 

Alt·P Sclect a new color Mus! be followed by one or two dt~lls 

lf two dtglU follow Ah-P. bot.h are used for thc color number. 

Ah-Q Sclecc ongtnal color 

Topic Menus 

Two dtffercm types of menus are used to makc cRotccs The iirst IYJX' appe.an 

on the uppc:r two hnes of the ~recn Thzs type of menu 11 used lo raptdly 

ulect mlJOI' toptcs and t.S called a toptc mcnu. Tite menu at the top ot thts 

screen rs a topiC menu. AtTOW Uys may be IIICd to move thc htghh¡thted potnter 

10 dtffercru opttom. Al dtfferem opnons :an: htj!hhghted a bnet cxplanation 

of thc curren\ opnon wzll be dzsplayed on thc sccond row of the screcn 

After posmonzn¡ thc potnter 10 the dcstrcd opuon. H may be sclected by 

pressmg the Enu:r Uy. Opuons may be rapidly ulected by typmg tite ftnt 

lcuer of the destred opnon 

lf Ese ts prened whtle tn a !opte mcnu. thc prevtOU$ menu wtll he dtsplaycd 

Ese may be presscd unnl therc are no more prevtOU$ menus. In thts ~e tite 

pro¡!ram wtll end and rcturn toDOS. 

A sccond type ot menu known as a pop-up menu wtll appe.ar m vanous placcs 111 

the lower poruon of the scr«n These mcnus are used to spc:cny severa! 
re W.tcd va!ucs at onc ltme The arrow keys wtll m~ the ht¡thltght trum une 

field to another To change an optton Slmply type m the deSifcd ~alue and 

prcss Enter or !he Up or Down arrow kc)'l 

Prenu~g the Eruer key w1th thc ¡:tOlnteT on thc bottom f~eld wtll acccpt the 
currcnt valu.es and bej!tn any related prOCCSJtng. 

The &e Uy may be presscd atany ume 10 back up l leve! lf a strtn¡ 01' 

value IS betn¡ changed wlten Ese IS pressed, thc prcYIOUS su1ng or valuc wlll 

be rcstored. Prcsung Ese a sccond ume will C11\ thc menu. 

CmdUite 
The foriTiilt of the SURF command ltnc rs. 

SURF lopuonsiiGrtd file) 

wherc opuons can be any of the ptOfTJmmable SURF vanables that &pPCJIT tn 

the SURF command file. Any vanablu that appcar on !he command hne wzll 

ovcrnde \hose •n !he command file. AJI opuons must be tmmedLalely preceded 
by a 1 or- character. Opttons musa be aepamed w1th 5paccs or .a.bs. 
Sutnp contatmn¡ blanb or tabs must be enc!oscd 1n doublc quotcs. Type the 
SURF.CMD file for • compkte lrst of vahd opuons 

The las! llt'gument may be a file spectflcauon for a ¡nd file 10 the formal 

used by the GRID pro¡ram SURF Wlll rcad thc ftle and place 1hc user at 
the Matn Menu, 



Eumpl~ SURF 1ANGH=!70 ITITSTR • "THIS ISA TEST" TEST GRO 

Fonnlll 

Numcrtc values mav be tormauc.d m a Ftled E1ponenl13.1 or ~~~eral 
tormat Wuh uch ot lllese methoW tne .uer ma• st~eet!\ tne numtoer ot dt~tll 
to tne rtght ot me oecmW pOtm lnt.ernalt~ all numenc •'lllues are storro a.s 
)2 Dn enunes Thts IS equtvalem 10 approltmatc:l) 7 dt~tts oí preo::tston 

Ftud íormat ts of lhl: form [· )ux.x.ux.x when:: UXJl IS on: Of more dt~tts 
Thc number of dt¡tts beforc thc dec::tmal potnt depencls on !he rnqnnude of !he 

nurnbcr. 

EtqlOIICnual format wtll pruu va.hx:s wnit U'le f«m \-)1.UX.XE[st¡n[ux. wl'tcre 

l u a lln¡le dtgn. un u on: Of more dt¡tts and UJ. 15 euctly thlee 

dt&:tts. and stan 15 + or -. 

General formal wtll prmt valucs m Fllt;cd or Elponcnual format 

whtC!tc:vt'r tS more compact tor tite !Wen value aod precl5ton Tratltng zcrm 
are truro:a~ed aod me deetmal potnt appean onlv tt DI1C or more dtgtts foiiO\Io 

"· ··-The Env1ron menus are uscd 10 configure SURF for llw: Htst.alled hardware In 

11'1051 cases. SURF wtll nuk.e rusonablc gueues 15 to the monnor type colon. 

eLC. but m sorne cas~s 11 may be destrable to ovcrr1de the dcfault values 

Screc:nTypc configures panmttc:~ relatcd 10 !he mom!OI' 5uch 15 !he typc o( 

adapttr. and whether 10 ehminate snow. usc the BJOS. or wntc: dtrtetly 10 !he 

video buffer dunn¡ diSplay OU!plll V~twJrt¡ pamnctc:rs may allo be spcctfted 

tnchxhn¡ !he stzc of pl01 w fit on !he scrCcn and !he piOI ongm 

Menu colon are se1 m the MenuColor mcnu. wh1le pl01 colon are set m 11\e 

Vte\toColor menu f>l01 colon are 115ed whtle vtewtn¡ a plot on tite EGA or VGA 

.... = 
Thc f>LotDcv mtnu configures thc dtrecwry of thc PLOT prorrun. and lnvokes 

PLOT to allow a twdcopy output devtce 10 be configurcd 

FoniS spcctfies symbol seiS. DataPath spe¡::tfies the path for mput aod 

output files. and UntiS spcctfies Engltsh ltnchesl or metrte (cm.) untts 

Foo" 
Entc:r thc name of a symbol setjfiler:ame.SYM) for one or more of lhc fonts 

Tllc mtc:rnal symbol set. DEFAULT SYM. ts the nomta! default for raprd plo11mg 

Tlle names of tltese fon11 w11J appcar wherever symbol set numben appear 

tn popup menus 

{)¡taPath 

Entc:r a p&th íor all input and ou¡put files (data files. grtd files. leve! 

files. tc:lt block files, posun¡ files. color zone files. etc. etc ). In other 

word:s, thts path n::fers 10 !hose files rcferrtn¡¡: to the usen' da!ll or whrdt 

comrol thc plotun¡ of sa1d data.' 

Thts palh does 1101 apply ID SURF CMD. nor to symbol sets (fonts) Those are 

lound m U'le 5alTIC dtrccwry a.s SURF .EXE. 

lf no d11k drtvt' ts sp«:tficd !he CWTemly acuve drtvt' ts .ucd 

lf lhl: d11k dnve ts spcctfied wtth no dtrccwnes. the cunently acuve 

dtrcctory for that dnve IS uscd 

lf lhc path spcctfteatton ts dcleled or blanked. !he currently acttvt' dtrcctory 

'"""' 
There are 3 paths of tnterest. 
1 The path as spcc1ficd undcr I}¡taPalh 

The path ll5ed to acttvatc: SURF 

The curremly acllvt' dtrcctory 

Thc 1151 ts used only tf thc first 15 blank or delcled. 

"'""'" The PLOT progra.m tS used w scnd llw: plot file c:rcaled by SURF ID a hardcapy 

output dcvtcc PLOT mly be mvoked 11 !he DOS leve]. or- from wllhtn SURF lf 

msuffictcm memory UISIS. PLOT wtll have to be mvoltcd from DOS In arder 

for SURF to mvoke tl'tc PLOT program the drtvt'. dtrectory and name ot lhe 

PLOT program m.ut be spcc1fied a1 the PLOT filespcc prompt. Once thts value 

tS set. SURF wtll tnvol;.e PLOT m Drdcr ID spcc!ly tite demcd OU!pUl Oevtce. 

lf !he JIISI !he narnc of lhl: plot progra.m ts ente: red IPLOT .EXEl. SURF wtll lool. 
fint tn !he cunent dtrectory. and U'len m all U'le dtrectorLCs spcctiic:d m 

!he currcm search path. 

Ai'Kr PLOT 11 fimshed. you wtll be rcturned ID SURF At thts potntthe PLOT 

filcspcc may be saved wt!h !he Shtft-F4 key tf destrcd. Aftcr iaVl~ lhe 
filespcc. SURF Wtll always rnvokc PLOT IISIIIJ th11 filespcc umtl changcd 

"'""''"" Use thts mc:fiii!D confi¡urc tiiC dtsplay 1ypc and c:hanctc:nsttC$, In seneral. 
thc dcfault s.cntnp should be adequatc and are bcttldt alon: lf n ts 

ncccssary 10 citan¡e a scnina;, 11 may be savcd wtth thc Shlfi-F4 kcy 

Graph.cs adlDter Use Om; opnon 10 st~eeu• ~~ tvt'L" o! ~rann•'' ac.:n•:• 

lllSI.llled on 1M comPuter T~ attaut: ~en•~¡: .,. "'J:, 
"''llallo" SURF lo Oetermme "tuch a.;¡aruer ·~ •n.•u•te..: 
Can: should toe userl when cll.ln¡un¡z um oott(>n stno:. e JJ~'-1,. 
101M rnonnor mav resull rrom mvalta Semnp 

Scrttn "'tdth Tl'tts IS lile pl01 wldth m tnches 10 OtSpla• no<ll"nl.llln 

across 1M lCretn "nen "~<'"''~a piOI Tl'tts llOC"I n.~ r.a'< 
to toe U'le pl't\-stcal "'ldtit ot U'le scrc:c:n Asan eumpt~ 
SCtten wldth U SCIID:! tncha, llw: eNtre SCteen ,.,¡¡ 

be u.sed to plot a 2 tncl't poruon of U'le p!01 su.rttn~ at 
lile cuncm screen ortgtn Tl'tts 11 stmtlar 10 zoomt~ m on 

a ploc. more detatlts sho .. n but pontons ot lile plot .,.,)1 
be off U'le screen 

Screen ort~m The J.tTeen «tltn 15 U'le X. Y coordt"'-tc:S m tTW;hes ot ~~ 
lower left comer of U'le scrcen Thtt IS .ued lo spectll 

lhe postilan of a pl01 on lhe screcn When zoomm¡: '" .. u~ 
!he scrcen wtdth opuon liiC' scrcen OTtj!tn Cl.n oe set n' 

spcctlv whtcl't poruon o! liiC' plOI 10 place un me screen 

Ehmtlllle SID" Snow COilSLSts of random fl15hes of h¡¡:l'tt when tnc d>~pta' 

ts betl\l "'TIItc:n to. Usuall~, SURF w1ll COI'TCCtL~ dt::t~rm•nc 
Whelher snow chmu:rauon 15 necena.rv and automaucalh set 

thts value. Snow chmmauon 1S 115ually only neccuarv on 

BIOS 

lB M color Jraphltl card5 tnot EGA's). a!KI wtll slo"' output 

ronstdcrably. Thu valuc ts 1gnored tflhc BIOS ts used 

SURF wtll usually wntc: dtrr:ctly to the vttdw bufter tor 

performance reasons On somc compaltbles or muhtW~IIlf: 
opcraun¡ systems. th11 may cause problems To use 1ne ROM 

BIOS for all scrccn ou¡pu1 amwer YE~ 10 thts prompt Not< 

that thiS wtllslow all scrccn ou¡put . 

MenuCoktr 
Tb11 mtnu aliOW5 s.clccuon of !he thrce colon used m all of SURF's menu 

scn::cns. AIIJQstble colon are diSplned on lhc popup. evt'n 11\ou~lt somr 

Dfthc colon may 1101 be vtstble on mon.x:l'trome monnon Tn sa'e tnc sdected 

colon. use the Shlft-F4 kcy to store the value m the commaod t'tk. 

VtewColor 

Currcmly. thc Enhanced Graph~ Adaptc:r is thc only supported ad.lpter "'uh 

plcxung colon Sna:c n ts oi!Cn dc.s1rable for lhoc pcn colon ot a plottcr 

to rcpn::sent !he samt colon on thc scrcen. this menu allows the ren numtoer~ 
to be 15St¡¡:ned 10 an EGA color value 

Blue EGA color values are cal~ulated bv mtxmg the b base coJnr1 

Grcen from U'le tablc 11 leil Tho colon are mtXed b\ addm¡: m 

'"' ' Dark Blue S 
Dark Grc:c:n lb 

Dark Red 3:! 

tl'tc de$tred color's rwmertc codc. For cumple, pure red 11a.s 

a color value of 4 H1gh lntc:IISIIY whttc: la mtxturc ol al! 

colon) t5 1 + 2+4+8+ 16+ 32 • 63. 81¡¡¡:1. •~ rhe abseocc of all 

color. and has an EGA color valuc of O The brt~luest colon 

are tormed by a combmauon of the normal and dar l. colors 

For morox:hromt EGA's !he only posstble color valucs are 0.8 aod ~4 Evt'n 

though 64 colors are possrble. only 16 may be duplayed ar ooce on a !56K 
EGA. aOO only 4 colors at oa;e on a64K EGA. Thcse ltmtiS are 1mposed by 

!he EGA hardware 

Un1U 
SURF may be configured 10 use cenumeten trtstead of toches f:mer C or 

CenuiiiC1Crs at !he prompt. 

lf Cenumetcn IS s.clected. thcn whercvcr 1nches ts uked f01 or usumed 

Hor cumple. clwactcr hetghts. label-label dtttances. S!!tten wtdtl't amon¡ 

othenl !he value Wlll be cort51dcn::d to be m cennmetcrs. However. the popups 
do not cllange and w¡JI sttll rcad uv::l'tcs 

Also. !he valucs ¡tven 111 lhe .f>L T files wlll sull be tn tcrms of 1nchcs In 

othcr w«ds. !he lntc:mal uruts tn the SURFER package are tnches. bul the 

usu 1111y eiXCI' values tn tc:rms of a:nnmctcn. 

Tl'tc Lcgend text w1ll be changed 10 rcad "1 O cm • xx.xx data un tu·.· 



TOPO " 01 menu..Jnvcn C.OIIUlW'In,: prD¡!nm Tl'lc comour 11101 m.,¡,~ Ot ''~"'ca or 
!he scrcc:n output 10 a 11101 file anda:.r scn1 10 01 nvocopl' ae1 tcc Comov 
ano pl01 ~mc:lers m.a.v be !ktault 1o.lues or tully spcctfted b> 111e wc: 

Gridded d.ua. m thc tOfnu.t uscd bv !he GRID prD¡!nm 1s li'I¡:IUI rrom a dala 

file l!l Clltlel ASCIJ Of bmary !Oflllai Tne I&SU:Sl ''''a\' !O I'IC" 01 COOIOUI' 11\ap 

on a guph1cs screen rrom DOS u 10 typc thc: comman:;j 

TOPO filerwnc 

and pre.n tun;uon key F2. filcname is any ¡r1d file produced by the GRID 
progr.am. &nd ffilly UIClude &n opuoml dr1YC and path. lf the uu:nsKIII u 
ommcd .GRO will be used. The comour plOI wlll appcar on the screen 111111¡ 
dcfault valucs fot the c:onwur and pi!X panme~en. To mod1fy the dcfaull 
values. pte$s Ese 10 return 10 the TOPO Menu. 

lopul Mcnu 
You may spec1ty thc name of the tnput gnd file and whether to utput tbc cllltre 
file or a pan of thc ftle correspondmg toa subgnd 

Input gnd file The 1np~t ¡nd file must be 1 v.~lld DOS filespec c:onstsung 
of an opuonal drrYC. opuonal path. filenamc. arw;l opuoml 
uu:ns10n lf thc extens•on u ommal. GRO 15 uscd lf 
the path u ommed. the path (¡f anyl spectftcd by thc 
DataPath optlon undcr Env>roo 11 ~.Dcd. Thc file LS re&d whcn 

thc popup menu lll cxtted 

Fu'lt and Jast Thcse opuons are us.ed to spectfy a recwtg~~lar subgrtd from 
rows and columns the ortgtnal gnd file R010os and columns are numbercd 

starung wtth 1 The dcfault v;¡Jucs of 1 and 32767 w•ll 

rcad the enurc grtd 

"'"' The va!ucs of the contour hiEl rnay be thanged by spec:tfymg the mtmmum. 
max1mum. and m¡ervaJ valucs. or by specttymg a data file 'ontamtng thc 
contoor levcls dcmcd The dcfault vaiiiCs are cho$en 10 gtve betwc.en 11 and 

21 c.ontours 

Mmtmum conwur The lowesr cornour level 10 apper on tbc map 
Muamum conlOUI' The h1ghest contour leYCI 10 appear on the map. 
ContOUJ mtcrval The m~erval or stcpsttt 10 use bcawecn the mtmmum and 

maxcmum con10111 Jevels The 101.11 number of leve1s ploncd 
w¡JJ be lnt((MaxJmum- Mmtmumll1merval). Toomn a11 

contour hnc:s spectfy minimum and maximum c.ontour lcYCis 
that w1ll excludc all Z valucs of the grid 

Uvel file The lcvcl file must be a vahd DOS filespc:c conmung of an 
opuonal drtvc, opt:l)nal path. fdcname. and opuonal 
C11Cnl10n lf thc ntcnsiOII is omntcd, .DA T ll uscd Thc 
level file 11 an ASCII data lile wnh onc: comour levcl pcr 
hnc: Thcre u 1 m;u¡mum of 200 levcls ¡fa level file 11 

used Thc leYCII do T11X nced to be 111 lny Of0er. 1nd do ~ 

necd 10 be evenly spaced 

Zo""sQfC()jOf ... f1IC '"I'IICI'I ÓCII""S COIOI lOro:\ ÍOll.-~ ,ont••~· i'ln• " ,"., 

COIN l(lfr '"'JI USC Ule COIOf SPCClliCO "111\ln 11'1" 111. 

Labrie1:l Coonour Lanr:o. 

ftCQUI:ro:;~ A lnQIX:I'ICV Of 1 .. ,Jj l.ticl CVCI\ COOIOUI' hro:. 2 e>Cfl OltlC' 

&nd so oo i'ool.e lhat lll¡:hlv curved lintS ffill~ r()IIIC la11Clc<1 

l~¡:er trom 1 to 15. 

Dash lc!!ftb U111th of the duhcs and •~rvcn-,ng s~ m anches. érur 

zero tor whd hnes 

Th~ekncss The the thJCknc:ss of thc com.our hne m •nchcs éntcr z.c:ro lor 

normal hnes 

Hadlure Ullfth of the hal::nure ffW"b m HICI'ICS TllCsc are 111<" m.,;r.,~..,, 

lcn,th pcll'Cndtcular to lhc contour ltne5 .. ntcn omm •n ti'IC ClfcCll(l:, 
oi an cnclosed dal.l mm1mum. or ocpresston TllCy are on11 marl.ca 

on ciascd COiliOIII' hnes. The dtstaiiCC bctweco ad~m ha'h~re 
maria ts IWICC the1r lcllflh. 

< For ~lp on conwur Labeb. sce the Hclp :scrcen on Conbb > 

Unlabekd Contour Lines 
Color lnte~r from 1 w 15 

Dash len,!h Ungth of the duhes and mtervcnan¡¡ spaces in me hes l:nter 

zcro ror sol1d ltnes 

ThLcknc:ss The the thtckness of the 'ontour l•nc: m tnches Emcr rero Jo< 
normal ltnes 

Hachure 
length 

Un,lh of thc hal::hure maria m arx:hc$ These are the ffW"U 

perpcnchcular lO tbc comour ltnes whtch pomt tn thc dm:ct10n 
of an erx:Josed data mtmmum. or depre5slon. Thc\' are onl1 marl..cC 
on closed contour hiEl The dlltantc betwecn adJaccnt hachure 

ffW"Ja U IW!te thelf Jength 

ln-hne Contour Labds 
Label form.a.t 
and d1gtts 

Label hetght 
L.abeJ CO!Of 
Symbol set 

For l'lclp, sclcct FOfmat from the help mcnu abo"c 

Any posntvc value. 10 !l'IChcs 
lntcger from 1 10 15 
For help. selcct Symbols from thc hclp mcnu at>o1e. 

number 
Curve IOierance Labels w11J not be plated on haghly curvcd partS ot a con10ur 

hne. namely lhosc where llx: liJe diSI.Il'ICe along Ule comout 
hnc: d1vidcd by the $llll!ght hne dugncc 11 grcater than 
the spec1fied curve toleranc:c Larger v.~IIICs allo,. Jabcls on 
more h1ghly curved puu. 

LabeiiO label Mmtmum dtsl.lnc:c betW"Cen labcls on the samc con1our ltro: m 

diSWICC aiiChes. The accual dutaiiCC may be much Jargcr sub¡ccl to 
Scale curve tolerancc 

The user may spct~fy the phYJt~l stz.c: of the plot by emenng c1~r of 
two paramccers !he len~th m tnthcs of the lon~csl s1de of the pl01 or 
thc number of data unn.s pc:r tnch 

TOPO Wlllsynci'tronizc llx: IWO vailiCS whenc:~r onc 15 changcd Hencc. tf llx: 
lcngtb 11 g!YCn.lhc numbcr of data umu pcr trx:h 11 auton~~ucally dctermtned. 
Converse1y. 1f thc: number of dau. untts per tnch ts spec:lflcd, the length ts 
rccomputcd TOPO wtll auiOmatlCally calculaiC the length of the shortcr stde 
of tbc map to mamtam proporuons 

Thll physJCal Spa:ifJtatKIII 1$ for the dal.l Te¡IOII only an;l diJes T11X tl'ICiude 

1hc utnt spacc UKd for boundary labcls. lcJcnd. tc:u. 1nd ti1Je 

The uscr may spec1fy a c:onvers1on factor whcrc thc X and Y umu d1ffcr For 
cumple, tf the Y uruu are )'Vds and thc X untu are fcct. lhc user can eruer 
thc valiiC of 3 Oto spectfy lhat 1.0 Y umu cqual 3.0 X umts 

ConLioe (Contou.r Linesl 
Thts mcnu allows the user 10 spec¡fy thc contour hne and 1n-hnc: label 

paramctcrs 

Sclcct. To Spectfy 

Labelcd Labcled conwur ltnc ~qucrx:y 1nd thc color dash lcngth. ltnc: 
tbtckne5s and hachurc lcngth of Jabelcd contour hnes 

Unlabelcd Color. dash length hne thtckncss. and hachure length of 
unJabcled toNOUr IIIICS 

.:onlab Propcntes of 1n-ltnc: contour labels. 1ncludu~g thc numenc 
formal. coiOf. he!Jht. arw:ls)'mbolut. The duanc:c benr.u:n 
labei.s. the dJSWIC:C from labcls to cdgcs, anQ ale: label curve 
tolenmcc ID~~ Y also be spa:ifled. 

Labclto edgc Mtmmum d1sr.anc::e hetween a iabcl and the cd¡!c 1>! 1hc mar tn 

1ro::hes The actual distante IDIIY be muth larger sub¡cct to 
curve tolcnncc 

Smoo<h 
Smooth contour hnc:s Enter Y esto smooth comour hne5 USII!f cutuc spltnc: 

lnttrpolauon Th11 w11l re5ult 1111 more plca:smg 
appe.aniiiCC. but ID~~ Y C>luse COfllOUf hnes 10 ·cross 

Tenston factor Numbcr JICIIICr than OCKIJ and Jess than 60 The larger 
the number. thc more thc contour hnes w1ll appro~lffilltC 
polygonal patlu (patlu made up of p1cces of stnnght 
hncs) The dcfault va! tiC of 2 O w¡ll¡cncrally gtve 

smooth curvcs 

ZooesotColor 
Thc user may spectfy a file contam1ng mformattOn for coiOf wnc:s 

For cumple. ¡f thc ftle conu.tns thc followmg threc hnc:s 

so o 
lOO 
lOO 

thcn CO!Of S 1S uscd lf Z>•SOO. 
colOf 2 !S used af SO O > Z > • 30.0. 
colorltsuscdtf300>Z>•IOO. 

and. me color 11 undcfined 1( Z < 10 O 

Hcnce. a contour of leYCI Z • 40.0 w11J be pl01tcd m colm 2. as ... 111 a 
contoor of lcvel Z • 30.0 

Thc valucs tn thc file are soncd m trx:rcastn, arder o( Z. so you may cmcr 
thc hnes 111 1ny ordt:r. Out 11 lS w11e to entcr lhcm 1n C1thcr tncrea¡tnj!. or 
da;reulng order 10 lesscn the cllancc o( a muWce. 

' _, 



Wnn 'ood color cnoKZS, conuóett11J the colon avatlable on the outpllt O.:vltt 
a n.u ~pectnlm 01 colon mav De cruted. wttn reols ror fu¡tlu. ror eump!c ane 
b!ucs lor ICNo~ 

Tn1 
Tn1s menu al!CNos thc uscr 10 specth t.e~tu.al mrormatton ror the plot 

Setccr· To Specm 

MapTule 1 m!c. and ns ptacemc:m lnd ~ 

BorderTtdes bordcr mies (axts mies l. and thell appe.arancc 

EdnTc~t tUl blotlu and the1t placemcnt and appea!'1ncc 

Re11~eveT ut a lile fTOm wbiCh to retr~eve tt'U bltx:k tnforma.uon 

a rc~end and 1ts placcmc:nt and appeannce 

Tttle 

Tbe uscr may spectfy a utle and lts ptaccmc:m and appcarance. 

Map Tnle may be O w 19 dW'ac1er1 lquoces &re fKX nteóed) 

Symbol Sct For help. select Symbols from the hclp menu abovc 
numllc:t 

Tille Auw wdl centtr the ur.lc aboYe thc plot. AltttiWtvely. thc 

posmon uscr may specify thc coordtnattS of lower ltft r;::orner of thc fint 
clwacttr of thc udc. Tht mle may also be pCISIIIDIICd by 

prenmg Ah·T whtle Vltwtng thc plot on the sc:rccn 

Ang!e ts any valuc m dc¡rees The a~!e IS measured countcrcltx:kvme 

from thc +X aw. E.¡. O•honzonW. 90• venlQLl up 

Hetght 1s any pos111ve valuc m mc:hes. Jf 100 small. thc mlc may 1101 

be rcadablc. lf too lar¡tc. n IJUiv rot fu on the plot. 

Color 11 any tmeger trom l to 15 

BordcrTilles 

T11les ma,v be Oto 79 characters tquotes are 1101 necdedl 

Symbol SCI For hc!p. selcct Symbols from the help menu above 

number 

Hctght 11 any posntve valuc 111 tnchcs. lf too SIJUI!l. the mies may 

not be readablc lf 100 largc. 1\IJUiy 1101 fit on thc plo1. 

Coloc 1s any lntcger from l w IS. 

EdltTcxt 

Thc user may edn. crcatc, or delctt tcll bltx:b. To 

Cfeilte C111tt 1 CUJTCnt tcltt block numbcr ¡reattr than thc Jar¡est u.tant 
ICI\ b]IXk numbct 

delctc answcr YES w thc dclctc prontpt 

edil another 1ext bltx:k. enter a new valuc for curren! tcxt blcx:l 

Symbol se1 For help, selcct Symbols from the help mcnu abo~ 

oomh<• 

Hctght t.S any posnwe value 111 inc:hcs lf 100 SIJUIJI. !he tcll IJUiy 

rot be readablc [[ 100 largc. n may not fit on the pl01 

Color 11 any mttgcr from 1 10 !S 

Tnt Auto w1ll place !he tClt 10 !he nglu of thc plot Or !he user 

pmmon IJUIY spectfy !he coordtnates of lowcr lch correr of thc fint 

Ctw'acter of !he ttxt. The tCit IJUIY also be pC\SIIIOI'Cd by 
pressmg AII·M whtle v1ew¡ng thc pl01 on !he scrcen lf therc 

11 more than one tut blcx:k on lhc screen !he tcxt miiSI be first 

e&¡)IW"c.d by movmg thc crossha~ts clase w thc lowcr lcft correr 

of the first characttr of thc tc~l. and pressmg A le-C The 

telt IJUIY also be $1ud ( + and -land rotatc.d IAic-P for 

tountercltx:kWISe. Alt·N \01' clcx:kwJSc rotauom on the screen 

To edn M ove !he cursor down ID !he desircd hnc of tc~1and begmtclt 

CCII cmry To dcletc. use etther Dei or Bac:k-Arrow. To lll!len, 

press Jns 10 wggle tntO tnscn mode, press 111 sccond umc: to 

CIII insen modc. (TypeQver IS !he deb.Lilt modc.) Use Home and 

End w JO w lhc begmmn¡ or end of a hnc 

Ctna1n Alt-Keyt. hlve specu.J funcuons for tclt entry. (1ncludmg 

utles). See Keys. pa~ 2. for more lx:lp 

RctricftTcxt 
You may spcctfy thc namc ofthc ~~ tclt file aiiÍwhat!odo with uuung 
ICII blocb. 

' .. D 

Tcxt file The ti'INI ttlt filf must be a •ahd DOS litc5roc<;' cor~•s~tn¡.· 

Ol an oouorlil dnve OOIION.I Q.ilt~. titcn.un~ . .ln.J <>r"l"'~.: 

utenuon lf tht Utcnuon ts omlltcC T'-"T" w.ec 1· 
lllC p.attlu omm~c tllt P.lttl 111 an, 1 S!"'Ctlled n' tn. 

DataPatll opuon undc:t Envtron" useC Ttle ftle 1< re~~ "ne:· 

!he popup mcnu IS e~ttcé Ttlc ftlc must ~ 111lh<: rormo..' 

speculed toe TJ\."T fileJ 

F•le rcad l! rv tell bla:U currcntlv eaiSt. Um oouon W ro a \lec: 
modc Jt teXI bla:ks 00 CliSl. Apptrw;l wlll rud Ln \fW: text blOCL\ 

lniO !tic foiJowlllg Cmp!V bltx:ia Shtflln¡ \he 1110C~ a.pptllf'TIIIf]\ 

Dc!eteF•fll wtll delcte all curren! lcit bla:O.S llc:lore rcad•n~ 

QverWrue WllL mod1!V any CIISU!!g \U\ bltx:i..s '"llh 1/lt IY" 

11110tiJUinon For cletatls sec tne manual lt an aucm:n " made 
ID tcad more text bltx:lu tha.n tne ma.umum !hose blocL• "111 toe 

•gnored 

""'"' Plol legend Enter \'es 10 plot me map •c~end Thc le¡:end tl¡u..malt\ tn~ 
map sc.ale ~r;¡phtu.lh. by plomn¡¡a scare b¡r 111 •ncnn a M 1m 

CUJTCm map sc.alc. The map sc.alc ¡!1\es lile numtJcr or rlaU umt>. 

pcr 1rdi1S • rauo. rud1n¡ l:X wherc X tS !he numbcr ot ().it.a 

unta per irdl 

Symbol set For lx:lp. JCICCI Symbols from !he help mc:nu abovc _.,, 
UruiS Thc uscr INIY specaty ahematt tcat10 foliO'Ill lhc number tn 

"Onc trdl • :u.IID dau. umts •. For cumple. 1f "rnctcrs • 1s 

cnttrcd.lhc le~nd wHI rcad "Onc irrch • u. :u~ mc:ters" 

Auto wtll ccn1er !he lcgcnd bclow thc plol Ahcrnattvell. the 

posnton user may spcc1fy the coordmatcs of lower len corner ot the ltr~t 

cltanctcr of thc Jc¡end The lcgend INIY •lso be posliiOr.:d b1 

prtsStl!g Alt-L whtlc VICWtng thc plot 011 !he KTCCn 

Hci¡tht \.S any posmvc valuc 1111nchcs U too SIJUIIJ, tht tcu rna1 

rvt be rcadable lf too Jat¡!C. 11 may 1101 fn on the piOI 

Color ts any 111\C¡!Cr trom 1 to 15 

...... , 
Plol map bofdcr Answer \es 10 plot a border box around me comour map 

Bonler color lntc~cr from 1 to !S 

Ttc 11dcs L .. Left. R .. Rli!hl T = T~ B .. Bouom 

For no ucs. dclctc a!l four and prcss Entcr 

>. 01 y. 
Ttc dtStancc Use Auto 10 ha~t TOPO Jeltcl a gnd d11tarcc. or emer" 

postuve valuc m data unru 

Labeled tiC Use AUIO ID have TOPO JCicct 1 frequcncy bascd on !abe! 

frequcrcy uzc. or cntcr a posmve nueger. O lutns off labels 

Label an¡le O • honzomal, 90 • vc:ntcal. Othcr 111Jles are not allowcd 

For lx:lp. select FotiJUII from lhc help mc:nu above 

dtglts 

Clwacttr hcighl Any pDIIIIIVC value mtrrchts, 

Coloc lnttgcr from 1 w JS. 

SymboJ set For hclp. sclcct Symbols from thc help mcnu abovc 

number 

XVI.uo< 
The boundary file 15 an ASCII file used for dntw1ng hnc segmc:nts on thc: plOt 

The file may con11m onc or more senes of ~tcd ltncs. and IS 111 !he umc: 
format as the blankmg mes taed 111 the GRID program. 

Each hnc 11 descnbed by a sct of vcmces mthc botlndary file The f11s1 

row of the file lw 11 leas! ene valuc Thu valuc ts the numtx:r ot pomu. N. 

$pecllytng thc ltnc:. The ncxt N rows ofthc file con&a\11 the coord1natcs of 

thcsc potlliS. each row contatmng two valucs. an X and Y coordmatc m data 
umu 

Enmplc 
4 (o. 2) l\ 

1 

1 

o o 
150 
o 
o o 

ytelds 

"" trtangle 1 \ 

(0.01 I\C I.S,O) 

MHh 
A mesh ts a ltt of venaland honwntalltnCs drawn across !he plot as an 
atd tn dctcrmm¡n¡ postUon. 

Mesh color lntcger from 1 w !S. 
Duh len¡th l.cngth of !he das hes and ttUCrvenmg spaccs •n tnchcs Entcr 

0.0 for sohd ltncs. Nou: tflll tf a lar¡e duh length 11 ~•ven. 

X spae1n¡ 
y ip&eln¡ 

the mesh hnc:s may ¡¡ppear sohd. and tf a smalt numher 11 gtvc:n. 
CICeSSive ttme wtll be Wen IOdnw lhc ltncs. 

Nonc wtllturn off lhc JTESh hncs. Auw w¡IJ plot mesh hncs 

.11 the bordcr labels or thc q¡actn¡ of thc 1~1 gnd file 



The user mav also enter a valuc '"data untu corresPOIId•n,w 

tne nx:!h sp.¡cmg r;les!Tecl 

.... 
Tl'u~ mcnu allO\II~ tllC uscr 10 spec•ry posonj!: omorma11on tor tnc oJo: 

EduPmt posnng bloci<s, mcludmg tiletr creauon and deleuon 
Sclr:cnofl of Edu.Past the f1r~t unx: wtU au10maucally erute 

u~e f1nt posun¡ bloc:J. 

Ü\TrWtn~ "'111 mod1h lh\ U!~IIIIJ! PQ!O! NC.:.._< "'li~ ~~~ ,...,. 

mtornuuon Fox ~u.n~ ~ee tne m¡on1,1.1. lt ¡n atten:-. '':na>. 
to rua more post blocU uun lile nu.~•m~m '""'~ "'''"~' ",, 1~ 

IJ!I'IOol'CC 

Out pul 
Cre.ue 1 plm f1lc ot tne cWTent concour ITY;I OtttiOIUih •~n.J ou:N.t h• ~ 

prmter or ploctcr Hl tne PLOT pr()f:rJ.m 

~ of ploc file Spec•fll the opuonal dnve. opt10111.l p.uh f1lenanx: arod 

opuonal ex.tens•on of the ploc file to erute 
Scale factor Scale tactor for the CIIIITc pl01 For eu.mple 2 O"' 111 

RctnevePos! a file from wh~eh to reurevc posm1¡¡ block 1nfonnauon malle tne piO( twiCe u b1j!: 
~ postnon Pos1Uon of tne enure piO( 111 tro::hes. trom thc toottom len 

EdJtP051 comer May be uscd 10 offse• m~luplc plou "hcn appendm¡: 

Cum:nt pan En~er a m:w nwnbcr 10 cdn or CJQie anothcr pos! block 

block 
Dele te th•s Ent.cr •y· or "YES" to dele te thts post blod. To crea•c 

Dloc~ a block, use Curren• post blocl 

Dau. f1le The d.au. file mu.st be a valtd DOS lilespec cons1sllng of 

an opnonal drove. opnonal path. lilenamc. and opuonal 

cxtem10n lf thc cxtciiSIOh u ommed .. DAT 1S used 
Thts ASCII lile contaim !he data to be pasted w1th an X and 

Y coordmate. an DJII!Onal labcl 1nd an opuonal symbol codc 
on each hne of lhe file 

X. Y .Lal:x:l. Symbol These are the columns of !he file coruatntn¡ tbe X and Y 

& Angle columns coordtnztcs. the opuonallabc:l. the opuonal symboJ codc. 
and the opuonal an~lc Emer O 1f lhe labcls or symbols do 

not ex1st As an examplc 3 4 O 1 O meam that X Y dau. 11 

10 colum~ 3 & 4. there 1s no Labcl 1101 An~le column. and 
column 1 comams !he Symbols 

lro::Jude pomts Eru.cr Y es to plot 111 potnts in the file. Df Noto ploc only 

OUISJdC J!Tid thosC JIISide \he gnd hmtU 

Symbol code Use thts code tf symbol codes are not m the lile 

Symbol anglc Enter the angJe of the symbol m dcgrees 1bou11ts cerner. 

1f angles are not read from the file. 

Centcred symbol For he!p. select Symbols trom the help nx:nu aboYe Thc 

set mternal symbolset. DEFAULT SYM. 1ncludes cemered symbols 

Symbol he1ght The hetght of thc: symbolmmches. or L or S whe~ L • 

LinearProponronal and S • SquareRootPropomonal. lf et\ller 

L or S i$ entcred. then a $ecDnd popup uks tor these value5 

Proporuonal value column Column from wh1ch 10 rcad the value used for 
cre.a.ung proporuonal symbols. Tht$ may. but nced not. he 

!he samc column u for Z valuc:s for contourS 

Symbol he1ght Emer two symbol hecghts whtc:h w11l be the he1ghts at !he 
CGndMin.Value) spcci(ICO values If thc proporuonal valuc column lw 
(GndMax.Valuc) Z value5 (Le !he sanx: type of values u used for thc 

coniOUiln¡J. then GndMn1nd Gru;!Mu may be used 

Symbol hetght \COhttnued) lf enher Ln''lear or SquarcRooc propomonal 

tS choscn. then the symbol he1ght w1ll be •merpolltcd 

Symbol color lm.cgcr lrom lto 15 

L.abel format Format to pnnt labels on, Character tormat w¡IJ prmt 

!he labc:ls euctly as thcy appc.ar en thc lile Sclcct 

Fomut abovc fDf more help oro numertc lonnats 

Number of d1¡pts Used when Label formal tS set 10 a numenc format 

L.abel symbolset FDf help. select Symbols from thc: help menu above 
L.abcl he1ght The he1ght of the posnng labcl m Jn<:hes 

l..abel anglc Angle of thc label about 1\S bottom lcfl corner m Oegrces. 

Label color lmeger from 1 to 15 

Relauvc paill1on Relanvc X. Y coordn'tlla in tnchcs of the bottom lefl cort2r 

of \he labcl u mcasurcd from thc dau. potnt postUon The 

relanve coordnwcsare added 10 the coordtnates of !he data 

potnt pall\101'1 to olxam dJe labcl pOISIUOO AUtO Wtll 

C:Cnter thc labcl abovc tite c:cmercd symbol posnion 

Retne\'ePost 
You may 5pcttfy the name of thc Input pait lile and wha¡ ID do w1th cxtStmg 

post blocks 

Pm11ile The I..,W paitlile m!ISI be a vahd DOS filcspec constSung 

of an opuonal drtve. optiOIU!I p::ath lilename. and opuonal 

cxten110n lf thc cxtenston 15 om1tted PST 1S uscd lf 

thc p.¡th 1s ommed, !he path (1f 1ny) spec•f~ed by !he 

Oa.taPath optiDn under Env11on 11 IIScd The f1IC IS read when 
!he popup menu ts ex¡led The file must be 111 thc forma• 

spccir!Cd for .PST files. 

F1le read lf no post blocks currently Cllllt. thts OJ>,!IDn 1w no 1ffctt 

modc lf post bloci<s do ex.111. Apperod wtll ,[eJd.•n the post blocks 
lhiO the l'ollow1n¡ empty blocks. Shlfttn¡ the lndex approprtately, 

DcleteFcrst WJIJ dclete 111 currem post b~ before rcacltl'll 

PIOI file forma¡ ASCII may be rud bv any telll editor. 8onarv IS etiiCICnt 
F1le Wflte moóe ()verwnt.c w¡IJ CIUSC tne piOIIO De "TIIICII over an• OIC 

mformauon m tne lile \he !IX oc:strov•lijl: u 1 Appcno .. ,1, 
wr~t.c UlC current ploc 11 Ule cnd 01 !he H>ec1i1ed plo. 

lile lf !he ploc file oocs 1101 ex•st a nc" onc "'111 "'-' 

'~"" Nwnber of dccmu.l Aocuracy m dcctmal d1gtu of value5 m tne ploc folc Ttus 

dtgtts 1n file vtlue should rcOccl \he rcsoluuon of !he oulpÜt dc:•·ICe 

Sci'KI plcx 10 A~~:~wcr Y es mcall pror:nm PLOT fTOm w¡thm TOPO PLOT 

mstallcd dev•c~ •mmedLitely bcg111:1 plomn¡ cm \he •~~:~tallcd prrmer or 

piO(Ier Se surc 10 1nstall PLOT r1rst 

On&rfto Contour Line Editmg 

Selcct special func11011 kcy F2 10 piOI tne curre111 contour map Press an~ 

key ex.cepl Ese 10 beJ!m on scrun diJ!Illzallon 1rod echung M O\ e thc 

cmsstunrs wuh thc arrow ken To chlnge the movenx:nt step·Sile ot 1h~ 

crmsha•r~ pren any number trom 1 tsnullest step) to 9 !largest •tepi 

To cdu lhe ¡r:rtd. selccl G Use the d•rcct•on kcys 10 movt: thc 

cronha1rs Note that the cunor IS lockcd 10 gru;l e !eme m locllllons t:ntcr a 
new valuc to clwtf:e thc Z valuc 11 thc curren! gnd elenx:nt To sa•c thc roe"' 
J!Tid, use AII·S The old glld w¡ll be overwrmcn Press Ese wncn cono: 

edtun¡ 

To move the tule. use thc crassha1rs and Alt·T Onlv thc last poSuouu ot 

!he tule w1ll be stored The coordmates ot the new m le locauon "'1ll 

appear 111 thc Tnle pop-up Move thc legend m thc same wav u me utle but 

use Alt·L m place of Ah·T 

On-Sc:rftn T cxt Block Posltiorung 
To move 1 text block liu1 c:ap!ll~ tt us¡ng Ah-C. Place lhe crosstuors 

close to thc lowcr lefl corncr of the te XI block 1rod p~ss Alt·C Thcn moH 

the crasshltrs to the new Jocauon and press Ah·M The tcxt blcd "'oll OC 

rcdrawn w1th the lower lefl corncr atlhe crosshatr locauon 

Aftcr 1 text block has been c:aptured. thc su.e may be 1ncreascd by prcmng + 
S•milarly.- wiJI decrcas.e tts Slzc: A.h-P w1ll rcxau: posncvely (coomcr· 

clockwtSeland Alt-N w1ll TOUtte nega¡•vely The rcxailon stcps mav be 

11'1CTC1Sed or decreascd by prcssm¡ thc numbcrs from 1 to 9 a:s 1or movement 

9 represenu the largcst rou.uon. of 90 dcgrec:s. 8¡1ves 45 dcgrecs 7 g•vcs 
2.2.5 Oegrees. tnd so lorth 

The Tille$ and the Legend cannot be sJzcd or rotated on the screcn, The bordcr 
tnles can1101 be moved at all Thc map tnle can be movt:d v1a AI¡.T and •he 
legend VLI Ah·L. bul thcy Cam101 be Cl.piUred Vla AII-C 

Symbol HU 

The followm¡ Symbol scu (fonts) are ava¡Jable. The sets may be altered u:nn¡ 
the ALTERSYM progmn. 

DEFAULT.SYM Buth m toTOPO 

SETI.SYM S•mrlartodcfauh 
SET2.SYM S1mplu Grcck 

SETIO.SYM Tnplcx Roman 

SETJI.SYM TnplcxltaiiCs 

SETI2.SYM Old German 
SETI.SYM Sc:npt SETJl.SYM Olde Enghsh 
SET4.SYM 

SETS.SYM 

SET6.SYM 

SET1.SYM 

SETII SYM 

SET9.SYM 

Stmplex R01n1n 

Duplex Greek 

Stmplex lt1hcs 

Duplu Hershey 

Duplcx Scnpt 

Cynlht 

SETI4.SYM Old Jtal1an 

SETIS.SYM Spec11l Symboh 

SET16 SYM Spcc1.1l Symbols 

CEt>ITERED SYM Cemered Symbols 

For math symbo!s. use SETIS and SETJ6. Thc DEFAULT symbol set t:OIIQ.ms both 

cenu:rcd symbols. anda complete character set. Stnc:c th1s ts butlt 111 10 

TOPO. n does 1101 recd 1o be Jo.dcd and .,..,¡¡ pl01 fas ter Jf a plot f1le u 

to be cre1ted. CENTERED.SYM will be subsmuted f« DEFAUL T SYM f« thc 

posung centercd symbolset. Sce also hclp for Fonts under EnVIIon 

Usmg the Help System 

To obta1n help rclevant ID the curre111 IOJ>IC ~U F J. thc HELP ke} To 

obta•,n funhcr hclp. sclctt any of !he opuons at the wp of th1s screen. 

lo selecta Help opllon enher type the lirst lcttcr of thc opllon or pos111on 

the pomter wnh the arrow kcys and prcss thc Emer kcy 

To cxn thc help systcm and rctum 10 the TOPO merus. press !he Ese key. 



Speaal Krys 
The followL~ keys haY!: spa:W J71111105e.l 

Fl Help 

F~ \-,e.,. cWTcnt Plot on tcnen 

F3 Re1urn LO TOPO Menu 
F.: ~ve all cWTent SCL\In~s m a soec•f1«1 comm,¡¡nd file 

Allov.s tor sav¡ng tut blocl:\ m a TX'T file ano:! 

post bloclu 1n a .PST file 
Sh1f1 F~ Storc hLghllihtcd UU•ng m rommand file TOPO CMD 

F5 D~reclor) 

ése Back up 1 lcvcl IExLLS TOPO at !be TOPO McnuL 
E.ntcr Sclcct curren! opuon· begm proccnm~ 11 on bonom row ot pop-up 

l'.rrow keV! Movc h1ghhgtucd pomtcr 
Home. End Move 10 lile begmnutg or end of a Lellt hnc 

Dunn~ texL entry (m Tute. BordcrTulu EdnTcuJ the followmg kcvs havc 

spec1a1 purposcs 

AIL-L' Superscnpt. Any tcxt Lhat follo.,. S w1ll plott«< as a superscnpt 

AIL-D Subsmpt Any tut th.at follows w1ll ploued as a subscnpl 

Alt-N Norm,¡¡hzc Undo 1 preccdm¡ supel'lcrrpt or subscr!pl. 

Superscnpts and subscr1pu may be nested ToJO back 10 the normal nzc. 

lhcre mlllit be as many AII-N on thal hne as superscr•pu and subscnpu 

All-8 Backspacc one c~r. usmg the curreN stu: (l. e. ¡f with1n 

a supcrscnpt. backspacc mmg that siu:.) 

Ah-F Selec1 a ncw fom MWit be followed by a d1gn 

Ah-O Selec1 ongmal ton! (thc default font for Uus Ltcm) 

Ah·P Selecta ncw color. Mus¡ be followed by onc or ¡wo d•gu.s. 

lf two d•g•u follow Alt·P. both are uscd for the color numbcr 

Ah·Q Select or1g1nal color. 

Tapie Menus 

T.,.o d1fferen1 types of menus are 115Cd to make choLCCs Thc f1m 1ype appears 

on !he uppcr two hncs o! thc scrun Th1s typc ot mcnu •s used 10 rap1dly 

sclcct miiiOT IOfiiCS and LS callcd a LOfiiC mcnu The menu a1 !he top ot th1s 

screen LS a topLc menu Arrow ke~"'i mav be used 10 move lite hLghhghted oo•mer 

10 d1tterem opuoru As dtffercn1 opuons are hLghiLghted a br1e1 explanauon 

or thl: current opuon w11l be dLsplayea on the second row oi the scrcen 

After po:s•uon1ng thc pom1er to the dcs•red opuon, n mav be selectcd by 

preumg !he Enter key Opuoru mav be raptdly selected by typmg the f1r51 

leucr of !he dc~1red opuon. 

lf Ese 1s !)tCS~d whLle m a !opLC menu. !he prcvtous menu w!ll be duplayed 

Ese may be prcntd 11m1l there are no more prevLOUS menus. In thts case the 

program w!ll end and rcturn ID DOS 

< For more hclp on menus, select Next from the ltelp mcnu above > 

A sccond typc of menu known as a pop-up mcnu will appc:ar m varLOUS placcs in 

the Jower pon10n of the ICI'cen Thc$e menus are !ISed 10 spa:1fy seven.l 

related valucs at onc umc Tite mow keys w1ll mave the h1ghlight from onc 

ficld LO anolher To change an opuon slmply typc mthe deSLtcd value and 

pren Entcr or !he Up or Down arrow keys. 

Press•ng !he Enter key wnh !he pomtcr on the bouom ficld w1ll acccpt the 

currcm valucs and bc1111 1ny related proceum¡ 

Thc Ese key m. y be prased at any ume LO blck up 1 leve l. lf a Strll\l or 
valuc LS bemg clw1ged when Ese u pre:ssed. thc previOLIS stnng or valuc wtll 
be: rcstored Prenm¡ Ese 1 second urnc: w1ll exn the menu 

< For IT'IOfC hclp on menus. sclcct Prev from thc hclp menu abo~> 

CmdUae 
Thc fotmat oflhc TOPO command hnc 11' 

TOPO lopnonsiiGnd filcl 

whcrc opuons can be 1ny of the progn.mmable TOPO var!ibles tha! awear 111 

!he TOPO command file Any var!ibles that appc.ar on !he command hnc w1ll 

ovemde !hose 111 !he command file All opuoru must be •mmechatcly preceded 

by a 1 or - chatacu:r. Optlons must be upan.ted w¡¡h spaces or tab$. 

Stnngs tonta1run¡ blanks or l&bs mm! be enclosed 1n double quotCS. Type thc 
TOPO CMD file for 1 ~!etc hst of Yalld opuons. 

Thc lastat~LmJCm may be 1 file specif!CI.IIO!I for a Jfld file m the forma¡ 
uscd by thc GRID procn.m. TOPO wlll rcad the file and place the mer 11 
thc TOPO Menu 

TOPO /CINT•.IO!IlTSTR•"THIS ISA TEST• TEST.GRD 

....... 
Nwnenc valucs may be formaned 1111 FIXCd. EllPQiiCiitial. or General 

fonnat. W1th each of lhcsc mcthod.s, the uscr may spectfy the numbc:r of d•1•u 
ID the nght of thc dectmal potnt. IIIICmally all nuriiU.i.c valucs are s!Of'ed as 

.. 8 

Tite nu~r of d!j!IU hetorc liiC oet11nat po1m ~r>rM• on •~e =~~•:....:.· ,•: .. · 
numDCr 

!o•ooncnLLJ.ILormaL .,.,¡¡ pnm va1ucs w•th ~~ torm 1 1~ u•~él"~ni"' v.nc:. 

'"a llrtf:le d1~11 xllll IS onc or more d1j!lll al'lll 1n "cu.::Lh Ln<C< 

Olj!IU and Sl~n 1S ..,_ Of • 

Gencnl iorma• .,.,]1 prmt •<aluc~ •n F•xcd or Elponcnual 1ormat 

wh•chever 1s more comp¡.cL tor lile g•Y'I:n ~<atuc anO orcc•uon Tra•h111 zer~ 
are truratcd ano the óe~nnal pc11nt appc.aa onl\ 11 on:: or more ll•~•u !olio .. 

Env1ron 

T!x Env•ron rMIIUS are used 10 confl¡turc TOPO tor thc ms!lllea nara ... ar, Ir. 

mon Cl5es TOPO w1ll make rcasonabte f!.UUSe$ as 10 tlle mommr ''!'<- "''"'''· 
CIC , bUL In SOLT>e tase'i 11 mi.\ be dcS!Illbk lO 0\CTTIOC IOC cktaUII \~IUC• 

ScrccnTypc COnfigures puamctcr~ tclatcd to Lhc momtor uo:;h ;u me 1\'J'<' "· 

adaptcr. 1nd whcthcr 10 ehmmatc snow. use \tic BIOS. or v.ntc O•rcctll 10 tlle 

video buffer durm¡¡: duplly outpul. V~ewtn¡ parameters may also be spcCilied 

1nclud1n¡ \tic s•u: of plot to ru on the scrccn and the plot on¡m 

Menu colon are se1 1n the MenuColor mcnu. wh1le plot oolors are sct m thc 

V~ewColor mcnu Plol oolon are used wh1le v1ew1n¡ 1 plot on the EGA or 1/GA .•.•. , 
Thc PlotDev mcnu configures tite d•rectory of the PLOT program and 1mnLe~ 

PLOT to 1How a hardcopy output devLce to be conf1¡r:urcd 

Fonu spa:1f.es symbol seu. DataPath specLfLes thc path tor mpu1 and 

output files. and Urnu spa:tf!C.li Et1Jiish (1nc:hc.u or metnc tcm t umu 

Foou 
Enter thc name ot a svmbolset (filenamc S YMI for one or more ot Lhe mm; 

Ttu: 1nternal svmbol sct DEFAUL T.SYM. 15 thc normal de1ault mr '~lllll!'!<lllln~ 

The namc'i ot Lhcse tonu wlil appc:ar wtu:rcver 'ivmbol set nurnt>c" ~f'l"'.l' 
m popup mcnus 

DataPath 
Entera path tor aH mput and output files (daL.a f¡Jes. ¡lrLd files. level 

files. tClt blocl.. f1les. postmg files. color zone f1lcs. c1c etc 1 In olher 

wnrd.!. th1s pa!h reters to those files rctcrrmttto the users · dat~ ¡u .,. h•cll 
control thc plonmg of sa!d da11. 

Th!S path Oocs 1101 apply toTOPO CMD. nor LO symbol scts (lonu) Thosc are 

found 1n the same d!rectory as TOPO EXE. 

lf no d11k dnY'I: LS spcc1fied. the cum:r~ly active dnve 11 med 

lf tite diSk dnvc LS spcc1f1Cd wuh no dLTC:CtoriCS. the currc.nLiy acuve 

dLrectory for that dnve LS !ISed 
lf the path spec1fauon ts deleted Ot blankcd. the cum:ntly 1cuvc d•rc.ctory 

!S IISCd. 

There are 3 paths of mtcrcs1 

1 The path as spec1fied undcr DaL.aPath 

Thc path uscd 10 ICI1VItc TOPO 

Tite currently acuve d•rectory .. 

Thc last IS used only tf the f¡n¡ 11 blank ot deleted. 

........ 
Ttu: PLOT program 11 used to send thc ptoc me crc:ated by TOPO 10 ¡¡ hardcopy 

outpu1 dev1ce PLOT may be: 1nvoll;ed 11 !he DOS leve!. or trom wnhm TOPO. Jf 
msufflc1ent mc:morv CliSLS, PLOT w1ll havc ID be: mvoll;ed lrom DOS In ordcr 

fiK TOPO 10 1nvoke thc PLOT prot~ram. thc dnve. duectory. and name of the 
PLOT prot~ram mus1 he spec1flcd 11 \tic PLOT filespec promp1 Once thLS valuc 
!S IC\, TOPO w¡[l 1nvoke PLOT tn order 10 ¡pec¡fy the óc.s!rcd OUtput devLCe. 

lf thc JUSI !he na me of thc plot pr01ram LJ emered (PLOT EXE). TOPO w¡ll 1ook 
f1rst 1n thc currem d1tcctory. 1nd thcn 1n 111 the dLTCCIOI'ICS spectflcd m 
the current scarch path. 

Alter PLOT IS fin1shed, you w1ll be rc.turncd ID TOPO. At th1s pomtlhc PLOT 

filespec may be saved Wlth the Shlft·f4 key 1f desLred After savm~ thc 

filespa:. TOPO wLll always mvokc PLOT USH'i thLJ filespec unnl changed 

..,_,TYP' 
Use thLS mcnu 10 CO!ÚIIIutc. the dLSpbly type and characterls!Lcs. In general. 

thc Ocf1ult seu1ngs should be adequatc and are best lef11lonc. lf n 1s 

nccessary ID chan¡e a sc.tun¡, 11 may be saved w¡tJ¡ tbe Shtft-F4 key 

Grapha adaplcr Use lhLS opt1DTI ID specify the typc of ¡nsph1cs adapter 
111Stailed on thc cornputet. Thc default scmna of Au10 

w1U allow TOPO 10 determine whdi ada¡m:r IS Lnstalled 

Care should be: uscd whcn chan¡¡:tn¡ thos optson. smcc damage 
ID the monnor may result from mvahd setun¡s 



Scrc:cn wldlh Thts IS the pl01 width tn tnchts to d1Spl1y homonu.H~ 

.ar;ross the screen when vtrwt/lf a plm Thtli deles nm h.JH 

to be !he phvstcal wodth of !he scree:1 As an cumple 1f 

screen "''dth 1! sct to 2 oncllcs the ~mtre screen "''11 
be usea 10 ol01 a 2 u>eh poruon of tnr piOI uarttnf! at 

lhe currcm screen ortr:m Th•s u stmolar 10 zoomm~ tn on 
1 ptOI more dcUitl 1S shOwn, blll porliOIU 01 11\o piOI "'111 

be off U\e screen 

Screen on¡m The screen ort¡m u the X. Y coon!maWI m 1T>Ches of !he 

• lower leh corroer of !he screen ThiS JS used to spcc:tfy 
lhc postllon ola piOI on the screen When momtn¡ m wtth 

lhc screen Wldl:h optton. !he screen ongm can be u:t to 

spcc:1fy whJCh poruon of the pl01 10 pla!% on lhc Kreen 

Ehmtnate 1/IOIV s..,.... ODnSISts of rant1om flashes of hJIII when the diSplay 

u beutg wnnen 10. Usually. TOPO wtll COITCCily cir;tEnmne 

whether SI'IOW ehmmanon !S necessary arK:Iautomaucally set 

thts value SI'IOW ellmmanon ts usuallv only ne.cesnry on 

lB M color graphtcs cards troot EGA 's). and wtll slow ou¡put 

consJderably. Thts valuc 1S tgnored tf thc BIQS u u:sed. 

BIOS TOPO will usually wnt: dtreedy ID the vtdeo buffer for 
perfOI"'!WWCC ru.son:~. On sorne c:ompattbles or mutuwkmg 

operaung systems, thu may cause problems. To use the ROM 

BIOS for all screen ou!ptil 1nswer YES 10 thiS prompt. Note 
that thts wtll slow all screen Oll!p\11 

MenuColor 
Thts menu allows selecuon of thr three colors used tn ali ofTOPO's menu 

screem All pon.tble colon are diSplavcd on !.he popup e>~en thour:h sorne 

of thc colors lllJ.Y not be vistble on monochrorne monnors. To save the selecied 

colo~. use the Shth-F4 key to store !he: value in !he: comnunxl file. 

ViewColor 

Currcnily. ihc Enhanced Graphtcs Adapter IS !he only supponed adapter wtth 

plotung colon S mee 11 Js ofu:n cles11'2ble for the pcn colon of a plotter 

to represen\ \he ume colors on the screen. th1! menu allows ihc pcn numbers 

10 be amgnetlto anEGA color valuc. 

81~ 

Green 
Red 4 

Ihrk BIIIC 1! 

Dark Grcen 16 

Dark Red 32 

EGA color values are c:alculated by mi~tng the 6 base colors 

from the 1.1ble 11 left The colors are m11ed by aOdtng m 

the destred color's numer1c code. For euin,le. pure red has 
a color valuc of 4 Htgh mtensny whtte (a mllt\ll'e of all 

colon) ts 1 + 2+4+1!+ 16+ 32 = 63 Black IS !he absence of all 

color. and has an EGA color valuc of O The brtghtcst colors 

are lormed by a combtnauon oí the normal and tlark colon 

For morochromc EGA's the only posnble color values are 0.11. and 24. Even 

tbough 64 colon are poSSJble. only 16 may be diSplayed at once on 1 2S6K 

EGA. an;l only 4 colon at oo:e on a 64K EGA. Tlleu hmtts are tmposed by 

!he EGA hardware. 

Umu 
TOPO lllJ.y be oonfigured to use ccnumeters Jnstead of tnches. Emer C or 

Cemnnete~ at the prompt 

Jf Cennmeters 1s select.ed, thcn where>~er 1nches is ;uked tor or assumetl 

(lor cumple. character hcighu. label-label tiJstanccs. screen wotltl'l nmng 

otbers) the value w1ll be COJI$t0cred to be IR cennmeters However. the popups 

do 001 change and wtll snll read 1nches. 

Also. the valucs gtven IR the PL T files w11l sull be m terms of tnches. In 

othcr word.s. thc nttemal umts m the SURFER package are tncbes. but !he 

user may enter valucs m terms of cenumetErs. 

Tñe U¡cnd te~l wtll be c:hanged ID read "l.Ocm • u.u cla1.1 untu" 

.. 



UTIL u a Ullhty prOJr.im wl'l!rll performs uven.l turcuons on JTTd files sud·, 

iU produced tLv !he GRlD pr~rvn m tllc SURFER ~cu.,:e 

From thc: UTlL Menu lelecL 

IOQICUJIL!: volu~s O! s.>IIW óefn"oed ti} Fllddeo SUr!~~~ 

10 crea Le cro;n·se.cuoru 01 a¡nodOcd surtacc ror enru:r 1 

a bOundl.ly file for SURFER ora aa.ta f1le lor GRAPHER 

Resnlu.als to alcutate Ule res1du.aLS 011 ser ot di.L.a lfom a ~riddcd 

surii.Ce 
Convcn to convut a gnd f1le 10 a di.L.a file. or beLwer:n ~nd formau 

Area--of·a·Surfi.CC to alculate Lhc: sunacc area o! a ~ndóed sunacc 

Envuon w spec1fy Lhc: hardware configunuon 

To Jearn lOOft &tlout !he help s~tem select Lhc: dcured topLc abovc w111'1 thc 

arrm. kcv~ and press Enter. Prcss thc be kcy to eut 1he help system and 

ICLUrn ui U"TIL 

Volwnt Mcnu 

Thc- Volumc mcnu COIItaLns all opnons retated 10 compllun¡ volumes of rohW 

bc!wcen gndded suriaces ( GRO files as created by GRIOf 

F11st. spcc1fy thc Uppcr surfacc. wbTcl'lts usl.l3.lly a gnd file (.GRO file 
creatc.d by GRIDf. Tl'lc LOWER surface ts usl.l3.lly a constan! (!he ddault IS 

Z=O) HoweV!:r. e1ther swfacc may be 1. gnd file ora constan\. Seicct 

cuher Uppcr or Lower lo spcctfy these surface5 

Vo1ume computes thc nct volumc bctwccn !he swfaccs. Nct volumc LS !he 

''olumc las m CalculusÍ as computed by a doublc LIU-C~ral. and LS thc 

dtftcrcrx:e bctwecn posn1vc volumc ¡where the "Uppcr" sunacc a above the 

"Lcr.o.cr· surtace¡ and ncgauvc volumc \Whcrc thc rcversc a uue\ 

Cuts&FLIIS &lso computes nct volumc. but m l.ddLuon computeS ~ly 

pDSLU\C volume ICUI$1 ancl ncpUV!: volume ff¡J!sl Cuu ts that volumc 

wncrc the upper surtacc 11 abovc the IDwcr F1!1s LS whcre thc lower 

surtacc LS above Lhe uppcr 

For Cuu&F11lS onc may consLdcr tite Uppcr surtace 10 be thc on¡unal 

surr¡¡ce and thc Lowcr surtacc 10 be tnc ncw ~unacc Then the Cuts 

•olume 11 the vDiume or matcnal removed and tnc FLIIs ~olumc 11 the volume 

ot matenal addcd m sha.pm~ the ong1nal sur1ace to be the ncw surtacc 

for e:u.mplc. 111 road consuutiTon or 111 land resna.pmg 

Cu1S&F1liS a!socomputes ..-Arca and ·Arca The tormer ts thc aru DI 

thc re~1on ovcr v.hLCh Lhc: Uppc:r sunacc ts abm-e the Lov.cr sunacc "hile 

thc lam:r LS the area ot thc re~1Dh ovc:r wh1ch Lhc: Lowcr sunace 1! lbo~ 

thc Uppcr suttace Where thc two surfaccs are e:u.ctly equ.al. that arca 11 

mcluded m + Area.. 

lf the !o~r surfacc LS 1. constant (Z "' conswu). then + Aru ts thc aru 

w1th111 all contours spcctfied by that consta.m. Tocal area !S lhc sum of 

thc two arcas &nd should equal thc area. of the gr!Oócd regLan 

Notes on blanked grlds: lf etthcr !he uppcr surúce or !he lower suriace or 

bot:h ts blanked ata gnd JocatLOn. thcn !he duckness of tne sol id ts 

constdcred 10 be zerD 1.1 that location Thu may muoducc erron for lhc: 
volumc calculanons. Thc use of 1. dcnscr i!Tid may compens&te tot thcsc errors. 

Thc area or any bi&nked arcas LS tnclll(ied m thc +Aru tocal. 

Volumc mcthods: Thrcc mcthods are used ID compute roet volume Trapezou:lal 

Rule. Stmpson's Rule. and S1mpson"s 3/8 Rule Thc firsttwo~.rc found m 

ncarly cvery CalcuiiD te~! undcr "Numcnallntegrauon· or "Numenal 

Quadraturc" Tl'lc mcthods are a.pphcd 10 the volume mtegral consLclered asan 

ncrated 1111e~ral. wnh computa.uons pcrtormcd fint m lkc X dlleWDn and 

thcn m !he Y dLtccllon The Jaucr two mcthod! rcquue a certa.m number ot 

mterv¡¡ls For cumple. Sunpson"s Rule rcqu11es an odd numbcr olgnd hncs 111 

each duecuon, lf an evcn numbcr or gnd hroes LS ~1vcn '" tl'lc gnd fLie. 

tbcn Stmpson"s Rule w¡ll be uscd m aH bw !he last mtcrval. m whLCh thc: 

Tra.pcz~ndal Rule a ~Ued Hencc. as ncedcd. thc ncll best mcthod is uscd to 

fmuh out the calcull.llDIIS. 

For an esllmate oftne CfTOfl. you may ~e 1hc rrsu!ts from thc thrcc 

~-. 

lf the Upper surfacc IS &lw&ys abovc thc Lowcr surface. then thc resulu 

slDuld usually ~grcc to lllcast five or 111 decimal placcs 

Howcver. tf lhc Uppcr surfacc u R;M always abovc lhc Lower surface, thc:n 

nmay llappcn that the raulu are less stghlfiClm. especlally whcn thc 

re~ults are close w uro In thu case. you should also look at the 

Cuu&Fills volumcs 10 ¡et an tOea of dJe rclauve cfTOI". 

Thc dtfferencc bctwecn Cw and Fdls volumcs u !dually qu1te close w the 

rcsuh from the T npc~ldll Mcthod 

Wl.fnTIII!" Tbc resulls dcpcnd on thc vlddcd surface5 gtven. lf your ¡nddcd 

surfacc was obtatncd from only 1. handful of da~lll.li. or from noay data. 

!he raulu may be almost 101ally meantnglcss! 

Lpptr 

Tllc Uppcr ~nu a med LO s;oc<:LI~ U'>c uprocr surt:a.:-e 101 H••umc •••··:~w··':''" 
Tllc s¡¡rncc ma' llc sPC'tUiell t>' a Fue l"ll.mc" a ~r1.l f1k, GR!l• ,., ,re~:,~ 

t>' U>c GRID prf.lFr.am or ti~ 1 (01'15La.m oevcl Tr-K ocrauu •~ a en..: 11 •• 

Ans"'tr !he fo~¡ lfUCS!Ion "-Tih F or F1Le u.> s~LecL a wc an.J ,.11,1 ; 

Of (omLam LO sele<:l ¡ COIISLI.nt 

lf File LS selected U>c cieTault TS 10 IDC !he em1rc ~~~ 1t • suo~••a " 

clesTred vou mwt alcuLaLe tllc co•umru; (\ llLre.c!lonLand '""'' '' <!Lrecuon,· 
necded 10 specll\ lhC rc~1on lllat ~ou want ar>O emfr l/105c v&oue~ ALW 

CDmpuLLI\j! a volumc cnec~ tllc )1. ar.:l Y hmns o1 lhc ~uore~1on 10 sec 11 Lhe' 

are corree! NOte tnal columns ar>O ro.u ol 1 10 3~?67 "oll rn.d LM cnure 

~nd 

lf a constan! lcvcl TS sclected. cntcr a numtlcr The ~oluiTK' "111 llc compuLCC 

l:rtween Lhl! level&nd lflc Otflcr surtacc 

Lo .. cr 

The Lowcr mcnu u used to specTf) thc lowcr surlace 1or •"Olumc C<>m;•uuLmt: 

Thc: surtace mav be spectfled by 1. f¡Jc. namcly a ¡md file ( GROt ;u crca1ed 

by !he GRIO program. or by l Conswu lcV!:I Tflc dclllult LS l. co!Uta.nl 

Ans~r !he fLnt qucmon wtth F or Ftle w sclect a ftlc. ~ Wlth C 
or Constan! to selecta constan! 

lf File u sc:lected. thc default ts to use the cnnre ghd lf a subl!nd 11 

dcsll'Cd. you must calculate thc columns (X dntttiO!I) and rows O dtrecuon¡ 

ncedcd 10 tpcctfv thc fCI!IOI\ t/uit you Wllhl. &nd ente:¡ those ~IUC'> A!lt' 

compuung a volumc. cl"leck the X and) hmns otthc sutlrc¡non Lo sce 11 lile~ 

are corrcct t-.01e lh:lt columns &nd rows of lto 32767 .-,¡JI rcao tll( Cl\111< 

'"" 
]fa conswu level ts selcctcd. enter a ñumbcr The volumc "•ll be computed 

bctwccn thiS levc:l a.nd lhc: other surface 

!f the arca wtthlll a comour lcvcl LS destred. ~Tvc the comour le'd l<ll uw 
lo"cr ~unace ¡¡nd gtvc thc ~nd file tor the uppcr .sunacc Then \11<" t"-''"''' 

arca 1-.- Arca) 1s thc arca .-, nhm and at truu lontour 

R.eultsl.o¡! 

The Rnultslog opiiDn allows you 10 spccTiy a lag íik tor \"Our rnull' 

Th1s ts also netessary IOt batch opcranon. 

Emcr a f¡Jc name so tllat subscquent fcsuliS "''11 be pii.CCd mto Lhc W•"•IILcll 

lo¡!. f¡!e Dclete Lhc file namc 10 dLsconnnue loum~ ot rcsultl 

Enter Ovef\lo-rne todcletc •101! file ot thc same name. and use thal 11ame ror 

subsequem rcsulu Erucr Appcnd 10 appcnd !he subscquem resulu to LhLs 

log file. and 001 delctc any rcsulu cum:mly m !he fLic (11 tlle file wou 

1101 an ASCII file. however. then thc file comcnu may be destrovcd ) 

Overwntc TS only uscd for thc fint compuauon. aftcr wh¡ch 11 Ls 

auwmauc:ally chlngcd 10 Append ThiS fcawrc was dcstgned tor batch 

opcrauon 

Thc file TS closcd ahcr each Volume or Cuu&FTils opcrauon 

The log file for volumc computa.IIOIJS has no conoccuon wnh the othcr log files 

Ln liTIL. unless you spectfy thc s.amc log file for a.ll opcrauons 

··~ Shcc w111. 1f gTVcn a file rn thc Boundary Lme Forma.t (sec thc GRIO 1111.nual¡ 

conunnmg llncs throu~h 1hc rcg10n spectfied by a grid fil-e (GRO (¡Je ;u 

produced Dy GRID). produce cuher or bot:h of 

a nc:w boundary hnc: file LBLN file) w11h pomu lnscned lor ncry end 

hnc crosson~ Th11 may be ~Ucd for cumple_ wuh SURF to ploL roach. 

11vcrs. or odlcr lme teatures on thrcc-dLmcnstonal sun&ecs Thc: fLit 

corua1ns 1hc X. Y .z data to plot lhcsc l1ncs. No JlOLIIl.li are mscrtcd 

ouuldc thc grid rcg1on or ovc:r blankcd arcas olthe gnd 

a da!l. file r .DA T file) wh1ch contaLns X. Y .z dl.ta. m columns 1.~.3 and 

honrorua.lly uavcrsed dLStanc:c m column 4 Column 5 conta.Lns an 

Lntcger wh1ch spcc1fics from whLCh orti!ln&l hnc thc data was computcd 

Reprdless of whtch file TS produccd. if any, the screcn w1ll g1ve summary 

rrsulu of thc compuw10ns. such u how many pouns wcrc l!encratcd 

The clip value m1y be used tn GRAPHER U an Input boundary l1nc leave.s 

lhc gnd reg10n and tf lhc qucsuon "Outsidc gnd. use chp valuc· • was 

a.nswcred ·y· or ·ves·. thcn a sm¡lc X. Y.Z pmnt w!lll:r tnscned tmo 

the data file. Wflh Z cqualto thc chp valuc. for eaclt tnpul boundary hnc 

VCI\Cl whiCh is outSidc the gr!d rq100. Then tn GRAPHER these poLnu lfllly 

be chppcd from the plou by us1n¡ 1. lower clrpptng ~luc bc1wccn thc Shcc 

chp valuc &nd !be gnd file mmtmum Z valuc 

For cumple, tf lhc: thtrd column of lhc data file. namcly the Z values. 11 

plottcd qau!St thc fourth column, thc hortlOIItal travenc d1st.ance thcn 1. 
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Er..11nplc trriL 1\JGNAME•NOWJ.GRD 

Fonnat 
Numer1c vah..~es nuv be fornun.ed 111 a F•xed E>.panc:nual. or Genc:nl 
tormat Wnh ucn of U'>ae memoolS rne IISer nuy spectrv 11'11' numoc.r of (IL~m 

10 tne n~nt or the oecmul POLnt ln~ernallv all numenc v;¡)ues are uoreo a5 

n 011 ennnu Tnos 11 eQUI\o'3tcnt tO approxnnatel~ 7 d•JE•u ot prectsiOn 

Ftxeé tormat u o! tne torm H:uxx :uxx wnere U1.l. LS one or more atg•u 
Tlle numbcr of dLJIIS bctore the decnnal poLI'II óepends on tl1c: magnnudc of thc: 

numbcr 

Exponc:nt~a.l formal w¡ll pnnt valucs wuh the form [.lx n.uE]SLgn]ux whc:rc 
X IS J SLJig)C dLgll, U.XX LS 0111: 01" ITIOTC dlj!IIS, and UX IS CUCLiy thr!:C 

Genc:nl forma¡ w•ll prull v.~lucs m Ftud or Ex~m~al format. 
wh1cnever 1S more comp¡c¡ for !he ¡tovc:n value ano pretLSLOn Tr:aLhiiJ! zeros 
are trurcatell"and lile decÍmal poun appean only 11 one or more cur;ns follo" 

Enriron 
Tht Envuon menus are used to configure trriL for the tnstalltd hardware In 
10051 casa. UTIL w11l make rcasonablc gucsses as ro lhc monnor type. colon. 
etc . butmsome cases 11 nuy be desirable 10 overnde the dc&ult values. 

Datah.!ll spectfLu !he path for tnput md owput files. 

ScrccnType lli ~ 10 spcc1fy dupla y Olnput puameaus. The fll"'tlli 
whcther 10 tlimtnaiC snow or 11:)1. Snow con!ISts of random fluhts of h¡tu 

whcn !he diSplay ts beu'lg IVTIIttn to. Snow clll!llltiUOn lli usually only 
necessary on lB M color graphtts cards 11101 EGA 's). and w11l slow output 

cortuderabl~ Thts value ts tgrcred tf lht ROM BIOS ts used 

On SOI'I'Ie compaublcs or muhtWklllg operaung sys~ems !liS nccesury to use 
!he ROM BIOS for dLSplay output To use !he ROM BIOS for all screen output 
answcr YES to the: BIOS pmmpt¡n lht ScreenType popup, Note tllat this wtll 
slow aH scrccn output. 

Tbe MenuColor mcnu allows selecuon of thc three colors used in all of UTIL 's 
menu scrccns All posstble colors are dtsplayed on thc popup. cven though sorne 
of the colors may 1101 be Vllitble on monochmme monnon To uve lhe selec¡ed 
colors. use thc Shtft-F4 key to storc !he valut tn the comnur.nd file 

DataPith 
Entera path for allmput and output ftles (data files. gnd files. etc} In 

ochcr words lhts path reten 10 tnose ftlu rclcrnng 10 the users · da11 or 
whtch cornrol thc gnddmg of satd dall 

This path docs 1101 apply to UTIL CMD. Tlu.tts found 111 thc same dtrectory as 
UTILEXE 

lf no dllik drtvt ts spcctlied. !he currently acttvt drtvt lli used. 
lf thc dtsk drtvt ts spectfled wtth no dtJ'tCU)Ttes. !he cuncntly acuve 
dtrectory for tllat dnve tS used 
lf thc: path spcc¡fauon lli dclcted Of blankcd. thc currendy acttvt dlftttOI)' 

" """ 
Thcre are 3 paths of •nterest 
1 Thc path as spcctftcd undcr DataPiih 

Thc palh used to iCilV1te UTIL. 
3. Thc currcntly acnve dttcctory. 

Thc last ts used only tf thc lirst ts blank or dcltted. 

• 



\ AL TERSYM ~ a menu-dnven svmbol ednor 

Al TERSYM a.IIO"o"s vou lo 

Input symbols fTom a file. 
Edn caJ~r) symbols on a graph1Cs scn:cn \W.llli C\lnOC &JTow l<.cvsl 

Copy symbolsiO ()(her IOCilllOlll wtillln lhc: symbol se1 

Dele~ symbols. 
Extnc1 0\.lnC!) symbols fTom mher svmbol seiS 

Sillve symbols 10 a file. 

V.ew all symbols on lhc: graphK:S screen. and 

Opumt:e syrnbols foc plown¡ speed and smaller file st:e 

The tnpul symbol file name may also be spcctfiCd on lhc: DOS oommarwj hne u 

Al TERSYM filenamc 

Thc symbol sct may be vtewed by prentng IWJCtton l<.cy F~ filenamc !lany 

symbol file produced by Al TERSYM or mcludcd wtth Goldcn Sonw&rc products 

tsymbol ftles lave !he ex!enston SYMI The c~tcnston t SYMl ts opuOIIil. 

lnputMmu 
You ma~ spa;tfy lhc: namc of thc •np• .. u symbol ftle 

Input symboJ se\ The tnpUI symbol fiJe must be 1 vahd DOS filcspec: 

comtstmg of an opnonal dflvt:. opttonal path filcname. and 

opuonal ex~enston 

lf thc: ex1tns1on u om1ued. SYM IS uscd 

lf thc path U omntcd. tbe path (tf anyl spectftcd by thl: 
DataPath optton under Envtron u uscd 

The file ts read wbcn the popup menu 11 exttcd by hitllng 

<:Entcr> 

Warnmg Any currcm symbols wtll be dcletcd 

Aher 

Spec1fy thc 11umbcr tfrom 32 10 127) of thc symbol10 cdtl or c:reate 

Aflcr prcssmg < Emcr >. thc graphtcs screen wtll appcar. and you may cdu or 

creatc the symbol usmg the commaocls hstcd al the bouom of the graph1cs 

scrcc11 Use the cursor arrow l<.cys 10 movc thc cross-hatrs 

Symbols are SIOI'cd as a ltsl of rec:ords. Each record hu 1bc X. Y locauon 

ofa potnt. and. a command Thc command ts Clther a MOVE ora ORAW A 

MOVE 

lS ¡ pen-up ll'lOVt 10 !he po1m A ORA W 11 a pcn-down movc 10 thc potnt rrom 

thc: prcv1ous po1n1m thc IJS\ (hl:ncc a lmc woold be draw11 fTom the prcvtoUS 

pomt!O thc current potnt) A symbol conststs of one or more chatns of 

pomts. thc first potm m each chatn havmg a MOVE command. thc restlllvtog 

ORA W commands. 

Thc commands are: 

+ Draw and edn !he rrxt ch:&nctcr. t • may be used tnstud of +) 

Draw and cdn thc prev\OUS chancter. 

< Ese> Escape back 10 thc mam rTKI1U 

S SW1 SW1 dntwm¡ a cham at thc currem cross-hatn locauon 

{A record 1s appcndeclto thc hst wnh thc: MOVE command J 

D Dr:aw Dr:aw a ltne fTom thc last JlO!!ll tn thc ltst 10 thlS potnt. 

(A record t! appcnócd 10 lile ltSt wtth lile ORA W command 1 

R Rcii'IOYe Rcii'IOVt thc potnt at thl: cron-ha•n from thl: llSt oí pomts. 

{lñc last record ma1eh1ng thiS X. Y Jocauon 11 removed fTom 

the 1111. lf then: are more !han ore rccords for thtS 

locauon. only thc last ts removed.) 

T Toule Toule thc sllltus of thc pot11t 11 thc: c:ross-ha1n 

M M~ 

{lñc last record rna1Ch1n¡ th" X. Y locauon has tts MOVE/DRA W 

status changcd 10 thc othcr sl.ltw. lf thc formcr sl.ltus was 
MOVE. thtS wtll hnk thl: prcv10US chamiO th1s ore lf !.he 
formcr status was ORA W. thls wtll spln thc cham 1 

MOV1: tbc po1m a1 thc cross-ha•rs. Th•s 1s a 2·stcp command 

Pos11to11 thc cross-ha1n 11 a pouu. Prcn M Pos1Uon thc 

c:ross-ha•rs ata rrw potnt. Press M agam Only thc: lut 

po1111 111 t~ recotd ltst wh~eh has !he fim cross·hatr 

locauon wtll be moved. 

1 lnsen Captwc and cut a luJÍ: and mscn a new pomt be1wcen thc 

endponas. Thq lS a 2-s!ep command Posmon thc c:ross·h..!.us 

rcar thc des !red hrr and press 1 The capt111cd hnc wtll 

chanfe color and be dashcd lf thc wrong l1nc was apturcd, 

pnss any Uy butl and try apm. Thcn rnow: thc cran-hatn 

10 the rr"' toc.auon and cntcr 1 Thc old 111'1!' ,.¡11 roe cra-'c· 

and two new ltncs w1tl be drl"'n rrom me oll! cndi'IO•nt• 1<> t~. 

1'1:"' J)OIIll 

W Widil'. Defn..e thc "'ldth ot thc svmbol 

o 

o 

Problcms._. 

Th!S necd ro bl: w piO!Icd ""tdlh ot w s•moo: Tllc le:. 

an::l u~ht VJ.IIICs are uscd 10 pos1110n svmbols "'hc'n SCHf4· 

are ploned m 1 tut smn¡: s1.11:11 as a tute lt tnc "'ldlt: 

1s smatler illan thc pl01tcd symbol lhcn ldtacem svmbols ma~ 

ovcrlap lf thc w•dth ts m~,~eh l&r¡tcr than lile ploued n·mool 

lhcn thcre ma~ be largc gaps b<"tween 1d1acem s'mtxm 

lf !he wtdth ts thc s1mc Jor ever~ svmbol '"a nmbol ~et 

tbc11 thc set bas ftuG Spatln¡: lf thc "'ldth 11 approprtatr 

10th!: pl01tcd w1dlh of uch svmbol, tbc11 thc sctl\a.$ N<'l><" 

!tonal s;w:tlli 

Tapie pnmtng of records 

Toulc prmun¡ ni rccords 

The ddaulc ts 101101 pnm any record.\ Hl>"'cvcr 11 recon 

prmun¡: ts cnabled. thcn wncn thc crou-ha1rs are O\'er " 

potm m thc record llst. tbc corrcspondm¡t record.\ "''ll tx· 
prmttd on tllr ngh1 s1de otthc scree11 Thts mav be llittu~ 

on occastOI1 but ts a vcrv slo"' optton 

MtSstng po1nts mtssmg hncs. noncxtstem ltro:~~ lt dOesn'tloo~ rt~h:'' 

Dunng an cdmng sesston. cspcctally whcn maov pomiS and llnn ha' e 
bec11 created and dclettd. lntlacts may be len on thc scree11 ""htch are oo: 

pan of !he charac!er. To uve tune. lile c:tanc~er lS 1'101 rcdu"' n an~r e'er:­

C:ha!!JC. hc:ncc to obtam !he uve: scree11 •m~~:e of !he c:haractcr n ·~ neceuaf\ 

10 un the edtung scsston. and thcn re-cdn \Alter\ !he charactcr 

Cop~ 

Thc uscr may cOpy a svmbolto ai'IO\hcr locauon 

Warnmg: lt a symbol alrudy uts\1 at thc dc:snnanon n "''ll be: dctete~ 

ThiS opuon U. uscful. for cumple. when stmtlar symbols must be crcate~ 

such as for an uuernauonal characltr sct. One svmbol1s creatcd 

first. thcn captes are maOc and accem marlts may be added to thc C(•rnes 

Delete 

The user may dcletc a symbol N01c thilt a Dc:letc can1101 be uoounc 

Somenmcs m ednmr; a symbol set. thc user may dc:le1e all the pomt~ ar.d 

hnes of a symbol. and the symbol appcars m thc symbol table u ha' m~ uro 
rccords. lf that 1s 1'101 des•red. thts opnon may be usc(j to del ele the ~\mbol 

ISomcnmcs a blank record may be: useful. to 11lr.c up spacc m1ex1 tor eumplc; 

as n wtll be ploncd as a blanl.. Hence. blank.s of d1fferem lcn¡nh~ mav bl' 

crcated l 

XlriiCl 
Thc \IICT may CKII'XI a symbol fTom arJDthcr Symbol SCI. 

War111n¡: lf a symbol alrcady CJtlSIS 11 !he dcsnnauon, n wtll be delettd 

The spcctfted symbol wtll be CopiCd from thc spcctrtcd symbol sct and placcd 

11110 the ro:w lOCilll011 

Save 

Thc uscr may s.avc !he results of a symbol cdn seuton to 1 symbol file 

Output symbolset The output symbol lile must be a vahd DOS filespec 

cons•sun¡ of an opuonal dnvc. opuonal path. lilenamc:. and 

opuonal u\ens!on. 

lf !he CliellSIOil 11 ommed, .SYM 11 uscd. 

lf thc patb 11 omntcd. \he path (1f any) spcc1fted by !he 

Dat.aPath op11011 under Envtron is used. 

Thc ftlc ts wrutcn whcn !he popup mcnu lS e~ttcd by hnnng 

<Efl\er>. 

()p<w~ 

Thc user may opttm1zc tite cm1rc symbol sct or ore spcctr1cd symbol 

Thts operauon Wllllttcmpii.O JOln diSCOMCCttd segmcnu For c.umplc. !he 

capll.ll tener A may be drawn as three separatc segmcnts. Opum•zc wtll 

connec:t !he 1wo slanted sca:mc:ms ul\o ore cham as show11. Th1s mtmmtzc.s thc 

~3 



vema.l and nor1zona1 pen 1T1011on ot a plou~r. u ,.tll u ~TUSIII1 tne: ~·u 

ol tllc: ~vmool fllt. 

" Move to 1 

Ora"' 10: .. Movc to 3 

• • Ouw 10 4 

' • Movc to 5 
11 Ora"' toó 

3 ,,,,,,, 4 

• 1 

• 
111 /1 b 

v.c .. 

.. 
• • 
• 

Mene 10 1 

Oraw 10: 
[)r:a.w to 3 
Move 10 4 

Oraw 10 5 

4 /1/lllll/1/111/lll/1/1 ~ 

1 

1 ' 
1 1 /13 

Tbe uscr may v1ew !he symbolset, 32 symbols ata umc. on t.he ~h1cs 
serecn Note tila! the funcuon key < F2 > and the mcnu selecuon V.ew have 

lhe samc runcuon 

Use lhe + and • keys to advara or bal::k up a serecn Therc are thrc:e 

strctns of symbols {For conve~rtt. thc .. kcy LS equ1va.ICm to + .) 
lf a symbol does 1101 uut. the symbol box w11l be dr.lwn u 1 veniCllliM 

The uscr may v.ew a s1ngle symbol¡¡ a tune by sclecun¡ Alter atKI emcrmg 

a symbol number The + and - kcys may be used toad~ or back up CI!E 

tlw2ctcr 11 a umc 

Symbolsm 

Thc follow¡ng Symbol scu lfonU) are ava!lablc. The scu may be altcud usmg 

the AL TERSYM program 

SETl SYM S1m11ar to dclauh SETIO SYM Tr1p!e~ Roman 

SET: SYM S1mplex Grce1. SETll.SYM Tnplcx ltahcs 

SET3 SYM Scnp1 SETJ~ SYM Old Gcrnu.n 

SET4 SYM S1mplcx Roman SET13 SYM Olde Enghsh 

SETS SYM Ouplex Grcel. SET14 SYM Old Ita han 

SET6.SYM S!mplex ltahes SETJS.SYM Spcc1al Symbols 

SETI SYM Ouplc~ Hershc} SETI6 SYM Spcc11l Symbols 

SETS.SYM Ouplex Scnpt CENTEREO SYM Centered Symbols 

SET9SYM Cynlhe 

For nu.th symbols. use SET!S and 5ETJ6 

Usla¡: tbe He!p Systan ._ 
To obuo1n help relevam 10 the C\II'TCni!OpiC prns Fl. the HELP kcy. To 

obtl1n further help. selec1 any of thc opuons at thc top of llus screc:n 

To sclect 1 Help opuon e1ther typc the firs1 lencr of the option or po$111011 

thc: po1ntcr w1th the arrow kcys and pren the Entcr kcy 

Tocx11 the he!p s;vucm and return 10 the AL TERSYM menus, press the Ese key 

Spee~al Kcys 

The followm¡ kqs have spet~al purposu 

Fl Hclp 
F2 Vtew the symbol sct on scrcen 

F3 Re¡urn to ALTERSYM Menu 

F4 Savc all turrcntsclllnJi!~ m a spee1ficd comnu.nd file 

Sh1ft F4 Stort h1ghl1ghted seumg m oommand f1lc AL TERSYM CMD 

FS Otrce!ory 

Ese Back up lleve! (E~!U ALTERSYM atthc ALTERSYM Menul 

En1cr Sclcct cumnt opuon bcgtn proccsun¡ 1f on bouom row of pop-up 

Arrow keys Move hiJhhghted potmer 

Homc, End Move 10 the bcg1Mtng or end of a teU hnc 

Topic Mana 
Two d1fferem typcs of nx:nus are used 10 makc cho1ces. The firstlypc appc2l'S 

on the upper two hrES of the screen. Thu typc of mcnu ts uscd to rap1dly 

select nu.¡or l.oplts and 11 a.lled a topzc mcnu Thc mcnu at \he top of !hl\ 

screcn 15 a IOpiC mciW. Arrow kcys nu.y be used 10 movc the h1ghl1ghted po1mer 

to d1ffcrem opuons. As d•fferent optiOOS are h¡ghl•¡hwl a bncf eJqJianauon 
of lhc c~m op11on w11l be dLSplayed on the sec:ond row of !he scrccn 

Aftcr pos11101un¡ the pomtcr 10 the Ocs•ud opuon. 11 may be sclcctcd by 
prentn¡ the Enter kcy Opuons nu.y be ra¡ndly selccted by !yp¡ng útc first 
leltcr of thc des 1red opnon 

lf Ese IJ preiSed wf\¡jc in a IOplC IIIEIIU, the J!nVIOIIS nx:nu WIIJ be Ó!Splayed 

Ese may be prcsscd unul there are ro more previOI&S nx:nus. In thtS case !he 
propam wtll cnd and return 10 DOS 

A .econo "'PI' ot mcnu lr.no;>WnU • ~uv mcnu ... ,u aroe~· :n >¡ru...:, t>L•~r• · 
ll'H: IC>,.cr !X'IIIOn ol ll'H: scr~n Troese mcnus are use<.l to ~r>C';I1> '~'er,. 

relate!! •••ues 11 ore ume The lrTI>\0 i<CH ,.,1¡ mcwe !l'lc m~nll~~. ""'" 1'!>. 

( 1cld 10 anot/loer lo tllanJi!C: an opuon umplv type m tllc: OCSirc~ >iiUC aoc 

press Entcr or the Up or Down arro"' lr.en 
Prcssm~ !he Emcr lr.cv "'nh the pomter on the boltom f.cld "''11 Kcept the 

currem ••lues and bcJin anv rclated pr~nm~ 

The Ese l.cy mav be prencd atln• ttmc w bad up 1 le>l'l !1 ¡ itr•n~ <'' 

valuc •s be1111 Clla~~iCd ... nen Ese IS pressed tbe pre"ous s1r1n~"' •a•ue "tll 

be rcswred Prcss1ng Ese 1 s.c:eond unx wtll Clll \he mcnu 

Cmdl.int 

The forma¡ of thc AL TERSYM comnu.nd l1rc 1s 

AL TERSYM lopuons)!Symbol file) 

where opuons an be any of thc prop:rammable AL TERSYM var.ab1cs 11\at appur m 
thc AL TERSYM command file. Any vanablc:s that appcar on the command ltrc v.1ll 

ovemdc thosc: 10 the command file. All opuons must be tmmcd¡¡¡cly prcttdcd 

by a 1 or- chanctcr Opuon:J must be sc:parated wtth spaca Of tabi. 
Sump conti!Ptn¡ blanlu Of l1bs must be encloscd m double qUOie~ Type the 

AL TERSYM.CMD file for a complete hst of val id ophcxa.. 

The W1 ar¡:unxm may be a file: spcc1fic:.anon tora svmbol file'"~~ 1ornu.1 

us~ by the ALTERSYM prop:111m. ALTERSYM ""111 rcad t~ (M ¡r.J place !he 

lUtr al thc AL TERSYM Menu. 

Example AL TERSYM /SCRTYPE • AliTOMATIC TEST SY M 

Envtron 

Thc En>tron mcnus are uscd to oonf1purc AL TERSYM tnr 111~ trt'l.lik<' rw,h•J" 

In most cases. ALTERSYM Wllli!U.~c rcasonable ."IKSSCS ;u n>tn~ """"11'1 IIP< 

colon. etc bu1 m sorne tases 11 mn be clestrabk to o>ernde 1h~ llrl~t:ll 

valuc:s 

Sc:recnTypc oonf•J:ures paramc1crs rclatcd to thc momtor such .o1 th: "IX' 111 

aáaptcr. and whcther 10 ellmma!c snow. use the 8105. or wn¡e d•rcc•lv m thc 

~•deo buffer durmg display output. V1c:wmg paramc1ers nu.y also be specnied 

•ncludmJ: the s1u of plot 10 rn on thc scrcen and thc: plot or1g•n 

Mcnu colors are set m lhe McnuColor mcnu. whtle plot tolors are scl 1111he 

V~ewColor mcnu. Plor colors are uscd while v1ewmg a svmbol on ¡ne EGA or 
VGA adapten 

......... 
Emcr 1 path fDf allt,.,UIInd OU!JIUI filu (dlu filu. gnd files lcvcl 

files. tcXI block files. posun¡ files. coiOf wnc files. cte. etc ). In otber 

words. th1s pa!h rcfcrs to those files rcfcmng to thc usen' dala or wh1ch 

control thc p!onmg of sa1d dala. 

Th1s path docs not apply to ALTERSYM.CMD That ts expetted to be tn thc: s.amc 

d1rc:ctory as ALTERSYM EXE. 

lf no d1sk dnvc u spcc1ficd. thc CUTl'eruly acuve dnvc: 1S uscd. 

lf the dl\k dnvc: IS Jpct1f1Cd wuh no d!rtttones. thc c\1/TCntly Kll~e 

ducctory for 1ha1 dnve !S used 

lf the pa!h spcclflc:.allon 11 delctcd or bla.nked. the turrcntl_v acml' d•rcc1ory 
IS USed 

Therc are 3 pa1hs of !Ptcrcn 

l. Thc path as spec:1ficd under OaaPIIth 

The path used 10 acuvate AL TERSYM 

Thc currcntly acttvc d1rcctory. 

The last is med only ¡f the fint IS blank Of Oclc:tcd. 

Sc:rrmType 
Use thts mcnu 10 configure the display type and charactcrtStiCS In JCneraJ. 
!he dcf¡uh scmngs should be aOcquatc 1nd are bell lcft alone 11 11 11 

rECCS&ary to cqc a scmn¡, n may be saved w¡¡h the Shtfi-F4 key. 

Graph!Cs adaptcr Use thts opuon 10 spec•fy the 1ypc of graph~es adapter 

tnstalled on thc computcr. The dcfaull setung of Auto 

w!llallow AL TERSYM to dcrt;rmnx: wh1ch adip!cr IS IIISUJied. 

Care should be used whcn changull !hu opuon. •trrc dama¡c 

10 the monitor may resull from tnvahd scmngs 

Scrccn width ThtS \S the plot wldth 1n lnchc:s 10 duplay honzonully 



~ross the screen wnen v1ew¡ng a p1m Tha ooes nDI h.lvc 
to be tne piWSICll w1dll'l of the screen As an cumple lf 
screen w1dih a sct w 2 1n::hcs UlC cnurc scrcen w11l 
be used w plot a 2 1n::h pot'tlon ot UlC p!OI Sl.inlllj! a1 
thc cwnm scucn ongm Tha 15 s1m1lar to ZOOI!IIIIi '" on 
a plot: more detall u shown, tuu portiOIJS of lhc pl01 w¡ll 
be off thc scrccn 

Scrccn Oflllll Thc screen ong1n u lhc X. Y c:oordu'lateS m mchcs of lhc 
lower lefl comer of the $CI'eCil Thl5 15 used w spec:Lfy 
lhc poslllon of a piDI on thc scn:en 'Whcn zoorrun¡ m w11h 
thc screen ww;lth apuon. the scrcen ongm can be JCIID 

spec1fy wh1th pon1011 of lhc plot ID place on lhc s.tTCCn 

Ehmmatc Jlli)VI. Snow consl5ts of rudom flashcs of hght whcn lhe dupla) 
u be m¡ wnuen to Usually, AL TERSYM w¡U COITC:Ctly Octcr­
mme whc:ther snow eliml!lllJOn 15 nc:ceuary and auwmaucally 
set th11 valtx:. Snow ehmu11111on 11 us¡¡¡ily only ncceuary on 

lB M color ¡rapi\1c:s cards Cnot EGA 's). and w1!1 slow ouq¡ut 
conuderably Th11 ~uc 11 IJnored ¡f the BIOS ts uscd 

BlOS AL TERSYM wLliiiSua!ly wrnc d1ret1ly to the video buffer for 
performance reasons On some compatibles or mulnwk1n¡ 
apen.11n¡ systems. Úll$ may CIIISe problems To IISe \he ROM 
BIOS for all screcn oti!pUt answer YES 10 th1s promp1. Nace 
that thLS w11l slow all screcn output 

MeouColor 
Th1s menu allows sclccnon of the thrcc colors uscd m a.ll of ALTERSYM 's menu 
scrccns. All pouablc colon are d11played on lhc: popup. cven lhou¡h some 
of thc colors may m1 be vutble on monochrome montton. To savc the selectcd 
colon. IISe the Shlft-F4 key to swre thc vahx: m \he commaOO file 

VicwColor 
CWTCmly. thc EGA and VGA ada¡ncn are lhc only supportcd adapten wnh 
plotnng colon. S1nce n u often desmablc for the pen colors of a plouer 
to represem thc samc: colon on thc scra:n. lhlli menu allows thc pcn numbers 
to be ass1gncd ID anEGA (VGA) color valuc: 

Bluc 1 
Grecn 2 
Red 4 

Dark Blue 8 
Dark Grecn 16 

EGA color va.lues are calculatcd by mllln¡ thc 6 base coleo 
from thc !able at l~ft Thc colon are m1xcd by aO.:hn¡ 1n 
the dcmed color's numenc cede. For eumple. pure red tw 

a color value of 4 H•gh. mtcnsuy whue Ca ml:o;ture of all 
colou) 1~ 1 + 2 +4+8+ 16+ 32 .. 63 Black 11 thc abien::c of all 

Dar k Red 32 color. and has an EGA color valuc of O The br1ghtcSt colors are 
formed by a combu'laiLOn of the normal and dark colors. 

For mooochrome EGA 's thc only posSLblc color valuc:s are O 8 and 24 Evcn 
tnough 64 colon an: poss1ble. only 16 may be d1splaycd 11 once on a 256K 
EGA. and only 4 colon 11 once on a 64K EGA These hm111 are 1mposcd by 
the EGA hardware 

•' 

.!:: ,,. 

,. 



GRIDMecu 1 
GR!O crulu ~no::lmampulaLe5 f,¡~, 01 re,ul:ul~ sp,¡ccd ~t.a rx>•nll callee 

¡¡:nd f1lts SURr and TOPO use 1nese files 10 cru:~ 3 cllmens•onal suna:e 
OIOlS aoo comour maps 

From lile GRID Menu sete.:t 

R~noom 10 cru¡~ a ¡¡:nd fl!c ftom ~rre¡¡:u1ar1y spaa:d d.at<~ 
Funcuon 10 cru~e a ¡¡:rld f1le trom a hmcnon of 2 vanables 

Modlf) 10 unool1'1. blilllk. or m~;xbfy an e:usun¡ ¡r1d 

Env1ron w spec1fy !he hardware confi¡urauon 

To lum more aboutlhe help systcm. selectlhc Oestred tapu~ above wnh the 

arrow kf:ys. and press Entcr Press thc Ele kry 10 u:nlhe hclp systcm &nd 
return 10 GRID. 

Random Mtnu 
Tlle Random menu cont.alns all opuons rclatc:d 10 crc.anng a gnd rrom random or 

trre¡¡:ularly spac~d XYZ cbt.a Each 11i.t.a fX)tm cons1sts of 3 values: an X '1'. and 

Z coordmatc: Sec !he GRID manual for cumples ol randomly spaced cb¡¡ 

UsuaHy thc fim stcp es w ¡et lile XYZ daUI 11110 GRID The Input qmon 
wtll aa:ept cbt.a from thc lr.cyboard or from seve111.l dtfferent typeJ of cbta 

f1les After thc cbt.a 15 ent~red, thc other opuons m the Randam mcnu are 

used to control !he gmldm¡ pro:::css 

Ou¡put amgns a name to the ou¡put gnd file Dupllcatc: tc:Us GRID how w 
handle pomts wnh .~nucal XY coordnu.tc:s. GndStze spectfies thc 11u or 

demny of thc final gnd In general. the de~er 1hc gr1d the smoothcr and 

more deuuled lile final ploll wtll be Method allows thc uscr 10 spec1ty the 

¡¡:nddmg mclhod to use Sec the GRID manual for a d1scuss•on of the mertu of 

the vanous gndd•ng teehmqucs Sc:uch w1ll sct thc parametcr5 used ID 

scarch for d.lt.a po1nts durmg the gr1ddtng proccss L1m1ts spectfics the 

coord1natc:s of the edgc of the gnd. Begm 1s used 10 Dc11n crcann¡ tht 
gnd after all the above paramctc:rs ha~e bccn setto thetr demcd valucs 

Funct1on Menu 
The Fuocuon menu ts used to erute a gnd from ¡¡ user spectficd tuncuon of ~ 

~anables These ~art.ablc~ must be namcd X. Y. and Z. and corrcspond lo the X. Y 

and Z coordmatc:s of a fX)IIll w be calcu!ated Sec tite gnd manUlll íor cumples 

of vahd funcuons 

Tlle func:uon u cva.Jua~ at dJScrctc: pomu COITeSpondmg to lile gnd nades. 

Thc coord1natc:s of lhesc potnts and the gnd dcmtty are calcula~ from lhc 
m1mmum mv.•mum. arod tncrcmenl values ll'q)Ul by the user lf the mm1mum. 

tTtaiomum. and mcrement valucs are 1.10. and 1 for both tite X and Y HCl. the 

final grld w1ll havc: (10 X 10) or 100 valuc:;. 

Equauons may be undcflncd ovcr a pon10n of !he ¡rtd resulun¡ tn math CITOfS. 

For cumple. !he equauon Z • X/Y w11l be undcfincd when Y •0.0. lf lile Y ran¡c 

and tncremcnt are such that Y w11l equal 0.0. a math error wtll resul1 and !he 

grld node wdl be blankcd 

lf an • JnsuffJCtcnt memory" error occun wh1le crcaung tite gnd. makc surc thc 
lll'lrksbect m [Random l~111s not betn¡: usec:l. SJncc 11 rcqu1res a l:uge amouru 

ofmemar) 

Modify Mtnu 

Thc Modtfy mcnu allows the user w cMnge a prcvtously cre.atcd Jnd file. Thc 

Smaxh opliOfl w11l smootll a ¡nd 10 cl1mma1e 1rre¡¡:ularu¡cs m the sur tace 

and produce a more aeslhenc plot 

Blank wtll rcad 111 an exuun¡: file w1th coorduu.tc:s of a regton 10 be 

blanlr.ed. Th1s r~gton wtll be marlr.ed wnh spec11J values m tite gnd file to 

cllmtnatc: coruour and surfau lmes m the final plot 

Math IS used 10 perfonn mathemJ.tteal opentuons between two CliSUn¡ ¡rid 

f1les of thc nmc stzc An cquauon ts spec1f!ed 10 define thc malhemaucal 

operauon Any valtd cquattOn may be spec1fied and mJ.Y use any of GRID's 
butiHn funcuons. 

lnpul Mtnu 

Thc l~t opuonallows you 10 entcr XYZ data from the Uyboard or an utsttng 

data file Edn w11J place you d~rectly mto GRJD's workshecl whcre all XYZ 

dat.a :uc storec:l Thc workshcct IS up w 26 columns by up to 16.flXl rows 
dependtng on ava¡lablc mcmory 

Xtc:mal wtllt'lJlll dat.a from an utsun¡¡: ASCII or Lotus 123 file 1mo the 
workshcet Th1s data may then be educó w1th !he Edu optiDn tf dc11red 

lmen. Dcletc:. Copy. and Movc w1ll pcrform operauons on an cnure 

group of cbt.a m thc workshee1 lrom 1 Single ce JI 10 an cnure ran,:e of cells 

Format w11J allow thc uscr w cMn¡~c the wa~ a numcr~c value 1S prmtc:d tn 

1he lll'lrksbect. Opuons eJtJSt for Ft!led Exponcnual. and General format.l 

Tntnsform w1ll apply a user spcctfted equauon to tlle~.m l or more 
columns w calculate a ncw column 

Thc S.lve oouon ,.,JI U\t lile currem "'orl..sneet asan "~lll f, ~ 

Dup!Katr \trnu 

DuPhCate llit.a ro•nts 1'1.1''<' •oenueal \.a~ '1' coorctnate• n~ nn• tl(',""~· 

~nuca! Z .:norOI!la!CS S•~ lile Otst.an::e ~l~~oeenll'le5e r>o11:ll' "'' '' m•" 
a>St.an::e ""'~nteo ~ndo::hn!! 11¡¡:ornn~m :ue unan1e 10 ca1cu1atr a ~raJ lll>J, .,, • 

tne <l.l.IJ 1o ¡,·md ma nroblem. GRID· .. ,¡, mJ.~e a DJ.n tn•,•u•~ '~" o.'l['l~o .:~­

lO aettrm•ne 11 an' ro•nts :ue l(lenuca1 

Ir the Avera,e opuon lS selttLed. aH fX)IIUS w•th ldl:ntiCil.l X'l' cOOfOJnates 

wlll M~ thcu Z c:oordmaLe:S IVI:ni¡!Cd All lhcsc po1nu woll be rep!aCCd b> a 

ungle po1m rc:prcscnulli UIC avera,::c 

Dele ~e wtll treat dupltatc: cbta pomts as erron ~nd "'tll remo'"' the pomt5 

beíore the gndd1n¡ proccss. The pomts Me 1101 delet~ rmm 1he ~~oorllheet 

Sua checlr.mg for dupha.le potnts ts lime consumt~ for l:u¡re ~r1dl. th~ 

l¡¡:nore opuon •~ mcluded rOl" users who are sure ll'letr dat.a oc.-,1 not rom~t, 

duplic:atc: d.lt.a fX)tnts The dupllcate ctlecl.. 1s byoa.nea ~ncl J!fiOum~ r>T<ll'CC<!' 

tmmcdlallll 

GridSia Menu 

GridStu 11 used w spec1fy the ~nsnv of the final!!nd The ltmlts ol lht 

gnd do 1101 change: only the number of grtd nodes wtthtn the lim115 A ¡tnd 

dcnsny of about SO en cach dtrecuon usually prOOuccs pleas1ng resutu Stt 
the GRID IJW!IIll for eu.mplcs of lhc effe~;ts of d1fferentgnd de~n1es 

Gnd dens•ty may be spec1fied by the Number of Jrtd ltncs along each S1de 

of the gnd IX or Y) When th1s opnon ts uscd. GRID wtll update lile- srrecn tl1 

reflectthe D1stance bc:tween gnd lmes at the nev. densu1 The l"-ll OI'IILITl.' 

are al~~oays s~ochron1zcd 

The D•stance be1wcen gnd lmes opnon aUows tlle demn1 of lh~ ~r1d '"IX 

spec1!ied by thc d1st.ancc bctween gnd nades tn X or \ cbta umts alon¡: each 

lit4e of lhc ~rtd GRID wtll adJUSl thcse values to obt.am an tmc~er numbc'r ol 

gnd lmcs betwccn 11le curren! gnd hmlts 1f occcsnrv Asan e~ample as•ume 

!he ¡¡:nd llmn.s alon¡: !he lo~es1 stdc of 1he rnd ran¡¡:e !Tom O O to 7 O lt ~ 

d1stance of2 O 15 rcquestc:d. GRID v.¡JI ad¡\lstthe dutance to ~ 33~ ~~"'~ ~ tl 

wtllllOI diVIde uuo 7.0e~nl) A dtstance of2.333 results m 4 gr~d 1111<:' 

The lut opuon allows tor d1ffercm untts 111 c.ach direcuon lf ' umts ~re 

ICCI and X umu :uc 11\Cilc:s. tllc:n cnter 12. s1nce 1 foot "' l~ mchcs 

Method Menu 

There are currcmly three dtfferent grwXhng methods avadable 

lnvc:nc d1stance. Kngmg. and Mtmmum curv:illure lnv~rse dtstance" 

fastc:r titan Kngtn¡: Dut doc.s not representthc OriJinal data as accura1ch 

Mmtmum curvaturc IS us.ually !he fastc:st method. 1f thc ma~tmum error 11 1101 

scttoo small. and w1ll honor onginal data by setung the nearest !!rtd node 10 

lile dW value (or avcra¡e of !he ci~JS.CSt cbta valucs) 

lnvenc dtstancc ~Des a wetghrcd averagtng u:chmquc to uucrpolate gnd nodes 

from thc XYZ daUI The we!Jhu are uwersciy proporuonalto the dtsLancc to 

thc gnd nade. Data pouus further away from a gtven gnd nock w¡IJ ha\ e Jess 

¡nf\uer~:e In addl!lon !he we1ghu may be ra1sc:d toa powcr 10 u-.;rca.se tlle 

dfect of !he WC:Ighung func:uon Jn~ne dtstance squ¡¡red 1S !he most commoo 

"'e.•ghun¡¡: r:wo:>wcr 

hngmg uses ~cost.ausucal techmques 10 calculate the autocorrelauon 

be1wcen data pomlli and produce a mm1mum vart.ancc unb1ased emma1e In 

lheory, 110other ~nód•ng mcthod an prOOuce more accu111.1e csumates In 

pntcttcc. thc d1ccuveocn of kn¡pnJ ~pcnds upon proper sei~Ct1on ot varoovs 

paramctc:n. These panmctc:n are esumated by GRJD and m:ay not he eue~ E ven 

so. l<.ngm¡ produces much more accuratc map$ than lnverse D•st.aro::e 

Mmtmum cui'Vlt1ure fin¡ eummes all cbta and seu the ncarcsl gnd nade 10 

lhat data valuc {or avcntge of data values). thus honormg the d.lt.a Note that 

th1s IT!IIY IJJt g1ve sausfactory res.ults for eoane gnds Or 1101sy daLa Thcn 

!he valuc:s 11 the othcr gnd nodc:s are computed so u 10 g•~ a gndd~d sur lace 

of mtn1mum curvaturc through !he set gnd ~s Becausc of !he rcfmemcn1 

mcthod used. only odd gnd stzes are allowcd for Mtmmum cur.oaturc lf thc 

nwumum error IS a reasonable value. eonsldenn¡ the rangc of Z-v~lues and 

n:quued accuracy. and ¡tven a good dJStrtbuuon of cbta. lhen th!S me1hod 1s 

!he Wtc:5t of thc 1hrcc However. 1f cbta are poorly dutnbuted. for 

cumple. cf then: are oo cbta ovcr a largc subregtOn. tllc:n the results lor 1ha1 

subreg1on may be quttc: poor, and thc mctllod may be quztc: slow to convcrre. 

Thts mcthod should 11ot be uscd for e:mapolatton m1o Jarge reg1ons wnhoul 

data. as rtlullli are unpred!ctable, and ll should only be IISed wnh cauuon1f 

the cbu. are qune 1101sy 

Search Menu 

A scarch IS perfOI"mcd by GRID 10 dctc:'rmcoc wh1ch XYZ dat.a pomts 10 use tn!hc 
calculauon of !he curn:nt gr1d nade 

A Normal scarch w1ll use thc N ocarest dat.a pomts aroond 1he current gnd 

nodc lha1 are a!sa wnhtn thc spec1f!ed se.arch raduiS N 1S spectficd at 1he 
Number 01 ncarcs1 po1nts prompl 

Quad111n1 and Oct.ant scarchcs :ue Similar 10 Normal sc:arches cxccpo that 

thc number of nearest poll115 and search raduu arc appltcd to each qu¡¡dram or 



OCIVII rapccuvct~ That type oi sUTC!le$ are used to tnsure that dl.~a 

pomu trom all uóes of !he p10 nodc are usCCI noLhl:r tiwl trom ¡us¡ one 

d11ecuon Thts wtU nnpro~e UIC accuncy of tliC' rnd for hnurty or1ented 

= 
Tne Al! CJ!)IIOR .,.¡jj dts&ttlc surc:htng allíl use 1!1 Of UIC II'(IU\ 01.1.1 pOIRIS 

to u1cu1atc caen ~110 noae Th11 un Sl~nlllunll~ reauec: lile amoum of 

nme re¡¡u~rco 10 nena tar~c numt.er ot ctosest p01nu are dcweo an)"""ll) A 

tn.c~coff 1s m~ot~cd m that evcn though 1'10 nmc u spem surcnntg. more mm: 

must 1111: spen1 10 use .1U of thl: dl.1.1 pomu 1n thl: ¡nd a!culanons See 

thl: GRID manual for cumples of thl: dtffercm surc:h mc\J'iods. 

LimltsMenu 
Tllc hmLU of Lhl: ¡nd rcfer 10 the XY coord1IIIICS of thc grtd ed¡E~ GRID 

Wtll use thl: ILmtu ofthl: ort¡tnal XYZ d.il.l as ddauh values for tllc grtd 

hm1u. lñcsc values 1111)' be €M:mddcn 10 OU\C .1 ¡nd tluit IS lar¡Eer or 

Sllllltcr than the ortJmal d.i1.1 m areal C><tcnt Nace that utrapolauon 

oumde the <111.1 nonge wtlt occur wnen tllc rnd ltmLu e~cecd thc: dl.ta hmtu 

Stncc !.ha e tli 1'10 data on lhe ouu10e CCigc !he quatn.v of !he csumanon 1011! 

Octcnoratc 

When cruung a gnd smaltcr than thc ongmal da.l.l. tt IS posstblc 10 etthcr 

nx:lude 01 e~cludc tite dal.l po1ms outsldc thc ¡nd ltm1u tn thl: grl(kbng 

c:alculauons. Answcrtng No 10 thl: Dts.catd da.t1 outulc: llm!U' prompt wtll 

Lnclude outlytng da.1.1 m thl: ¡nddm¡ proa:ss. 

Colwn111 

The X. Y, and z columns for gnddtng may be seleciCd. 

For cumple. thl: X column may be tile 2nd in the data file. the Y colurnn INIY be 
thl: 5th. and thc z column may be the 9th In th1s case. if Ux file has 1101 

yc¡ been rcad 1n10 Ux worlt:.shect Uxn 9 columns w11l be the defauh for 

allocauon. lf thc uscr t1a1 read fcwcr than 9 columns. 01 alloca!Cs fcwer than 
9 columns. or tf any of thcse colurnns do 1101 exiSttn the dal.l ftle (or do 1101 

llave numenc:.al da.l.l). thcn an error wLII result 

Edlt Screen 
Edn modc LS used 10 en\Cr da.l.llrom lhe keyboard Numenc or label da.1.11111y 

be cntered. To entera numenc la.bcl precede thc label wnh a smglc 01 double 

quotc A column of da.ta may only be tcxt or numenc. ncvcr both The type !S 

dc:!Crmtned añ.cr the ftm va.lue 11 en\Cred mlhc column To reset tite column 

1ypc all Wtta from the column must be removed 

The followmg keys may be used for edmng. 

Up Moves blocK cursor up 1 rO\Io 

Dow' 

'-'" 
Rtgbt 

PgUp 

PgDn 

Sb,ft-Lefl 

Movcs block cursor clown l rov. 
M€M:s block curser lcft 1 CQ)umn 

Movcs block. cursar Tll!hl 1 column 

Moves up 1 screen full 

Moves clown 1 scrcen full 

Moves left 5 columns {1 screcn full) 

Sbtft-Rtgbt Mavcs nght S columns {1 scrcen fulll 

Home M oves 10 top row tn curn:m column 

End Moves 10 bo!tom row tn curren! column 

Shtft-Homc Movcs 10 fint column 

ShLft-End Moves to last column 

1 or Ese Rctums 10 l~ut mcnu 

Xterual Menu 
Tite X terna! mcnu as uscd w rud an exiSting da.1.1 ftlc tnto GRID's workshcct 

The data file may be me~ther Teu (ASCII) 01 Lonas WKS or WKI formau 

Worbhect columm are forma.tted for ettber labcl or numcnc da.1.1 but ncvcr bcxh 
Aftcr GRID has forma11Cd 1 cotumn for a gtvcn dal.l type 11 wtll tgoore any hnes 
m the Wt1.1 ftlc th.at ~LOIIIC !be curren! column fonnau. Becausc of thLs. aH 

data m a gtven column mus1 be of thc samc type Oabel or numertc) 

Tut ftlcs may be v~ewed on !he screen wtth the DOS TYPE command and 

consut of oormal pnmablc characten on]y Only as ~~any columns are read 
tmo GRID's worbhec:t as are allocated Eacb hoe tn thc file w1ll bccomc one 
row m thc worblteet. Thc da1.1may be sepan.!Cd ""'th spaccs. tabs. or commas 
Stttngs must be cnclosed 1n s1ngle or double quotEs 1f thcy COI'IQtn spaces. 

!.lbs. or cornmas 

WKS or WK 1 files are oormally creatcd from Lotus 123 or Symphony Only as 
many columns are read 1n10 GRlD's "'Oik!beet as are allocaiEd. unlcss Auto 

allocauan LS sclcctcd Thc da.UI must be formaued tn cotumns· there ts 1'10 way 

to transposc rows to columns 

Block Operabom 
A]] block operauons operate on a nongc of cells. A range of cells as 
Spetlfled by two OJIPOSIIC corncn of 1 recwtgular block u tn A 1:85. In thts 

cumplE. the range tnt:ludes all ~lis m tile rcctangle w11h thc uppcr Jeft 

comer at columnA I'O'N l. and thl: lowc:r rtgbt comer 11 cotumn B row 5 A 

stnale ecll m1y be ¡pcc¡fJCd u m C12 CI2. 

lns.cn w!ll tnscn thl: spec;:Lfled rows or columns mm t.bc worbhect Al! 

cr.uun¡ rows or c:otumns wlll move down or to tlr,ttght to makc room 

Delete wtll t!Eicte t.hc spcc•fled rows or columns from t11c work!hcct All 

extsung rows or columns wtll move up or lcft 10 !iJ.I-m thc dcle!Cd block 

Cop~ cap~ an em1re !1111f!C 01 c-rll~ to anomrr tocauon 1n ti><'" ""'~•ne< 

The mnoauon cr!t ~ten. 10 tliC' uwr ten corner ottoc cCit'•e~ t-,,.._. 

MD>'C "'t!l mo--c a n.fll!C 01 crlls 10 a ne"' 1oca110r Cotumr.'> an.l rr•,.' ,. ,:, ,.., 

11>0\'C m to fi!t tliC' or•Jual ttloc~ as tn UIC dctctc opuon at>."< 

Fonnll! Mcou 

The Format op11011 ts laed to spcc1ry Ux tormal Tor numcnc ';a!uu m l Jlvtn 

column The cnurc column IS tormaned 11 once lt LS tot pmstblc 10 1orma1 

only pan of a column 

T ransform Menu 

Transiorm ts used LO calcula te 1 cotumn 01 da.t.a rrom O or more e~tum~ 

columns of da.l.l Thc: atculanon 1S ttucd on a user spectfie<.:l eauauon Thr 

cquanon 1111y havc cotumn \Vtablcs corrnpondtn¡: LO 1hc ~olumn tener~ ot thc 

worbheet 

Asan cumple cons•Oer the cquauon (' = A - Sl~tBt GRID ,.,¡, .·atn;¡¿¡e w. 
sum or c01umn A and tite sm ot cotumn B anct place tiiC rcsun m cotumn t' 

Th1s proeeu w¡JI conunue fof eaeh rov.· \.llal t1a1 a va.lue m ro10 A and B TI!~ 

equauons are 1101 swred m Ux worlt:.shec:t. so column Cm thl: abo'~ eumpte 

would 1101 be upda!Cd tf a subsequem change was rtw1c: 10 column A or B U d.ita 
u mw1ng from columnA (ot BJ on sonx: I'O'NS. Uxn 1'10 calculanon w¡JI be 

perfonned for lhcae I'O'Ns. 

Sa"' Meuu 
The S. ve opuon IS used 10 uve tile cwrent comcnu of thc work!hect 10 a 
diSk file. Savc files are .1IWll)" ASCII tul files Columns are dcltmned b1 

spaces 111 thc fil~. and T'O\Iil by tarTI.IIIC returns GRID ÓIXI not IU1(lmaucalh 

savc thc worluhect. so 1t u &J!Xld tdu to pcnod~calty Save 1hr ,.01Unect 

wltc:n malung ma.ny changes 

Sm001b Mn~u 
Tite~ are currcntly two dtffercnt smoolhtniE me\J'iods av;utabtc m GRID. Spltnc' 

smoothLng will fLt a cutnc spltoe 10 thc t~ul gnd and mtcrpolaLe addltlO!l.l.l 

va.lues for lhe output gnd Thts resulu m a demcr rnd wnh the ort~n,¡¡l 

da.1.1 pomu preserved 

Mam~ smoolhmg puses a uscr defined smoothmg matn~ mer thc toput ~rtd 

Dat.a undcr thc smoothtn~ ma111~ ts we¡ghted and averaged LO proou<.'c thc OuLpul 

¡End Smce tlus openonon ts undciined at the cdges ot the !'l~<.i Lht output 

gnd wtlt be sm.allcr Beca.usc of thc averagtng process the output ~ral10tl! 

h.avc lowcr hLJhs and btfher lows litan lile tnput ~nd 

Blanlr. Menu 

Spewlcd poruom of the fTid file may be set 10 a spcctal vatue and blanl.ed 

durtng thc crcanon of tite plot Slank.ed arcas wtll appear ;u tlat re~•uttl. m 

surfacc ploo and w¡JI cause supprcss1on of comour lurs m contour maps 

Slanlr.ed rcgLOns are spcctfled by 1 sequellCC of X. Y coordtnaLes defimng a 
closed poly¡on. lf tile poly¡on docs 111)[ cl05e. GRID w1ll .1dd a segment to 

close tbe polygon Poly¡on s!des must1101 cros.s. A blanlr.tng ftle !S used 

10 spcclfy thl: reg10n 10 bl.1nlr.. Thc ftnt tur ts a beldcr consllnnr of tllc 

numbcr of potnu to follow and tlr ude flag. lf Ux sw;le flag u O. ~rtd 
elemcnts ouuide thc poly¡on are blanked U the Sldr 

4 1 Hcadc:r flag ts 1. the ¡Efld elcmcnu tnstdc: t.hc poty~on are 

2 2 Potnl 1 
42 Potnt2 

33 Pomt) 

22 Pomt4 

bl.1nlr.ed Thc em1re ¡cquence m.ay be repcatcd anv number 

of umcs to blank multtplc re11oon:s In tite: e~amplc to 

thc left. !he tnsldc of a tnangular TeBtOn wtll be 
blankcd 

Matb Mmu 

Tbe Math opnon attows two ntsung. tc!Enucally stzed grlds 10 be comburd 

lllltltcma!Jcalty to forma lhtrd ou1put grtd. lfthc gruili are dtflerem nzcs 
on dLSk. a subsetmay be rcad m so that the final stzes are tdenucal 

An equatiOil !S used \0 1pcc1fy bow 10 tombtnc Úll: two tnpu1 ~ftdS. Tite: 

cquauon 15 a funeuon of 2 vanables named A and B Tbcsc var1.1btcs 

con~pond 10 t.bc two 1~1 gfl<ls. Any afGRID's butl1·tn \U!'IC\101\5 ma~ be 
uscd tn thc cquauons 

MatnJL Smoothin& 

Matrt• smoothtng panes a smoothiiiJ matrt~ ovcr an c~tstmg ~rtd 10 a~er~gE 

those grtd potnu rrarcst cach gnd potntto be smoothed The matrt1ts 

spcctfied by tbe number of columns and rows on cnher stdc ot Lhc Jrtd potnt 10 

be smoothed. and tite we~gh1 af lhe ~ntcr pom1 of the matTtll 

1 2 3 4 56 7 In thl: cumple 11 lett. + s¡gns representJrtd nodes. wbtlc 

1 + + + + + + + ll's .1nd thc o rcprcsent thc smootbtng matm The ITid 11 

2 + 1 • ~ ll 1 + 5 rows by 7 columns. the siTIOOlhtng matrtl ts 3 rows by 5 
3 + l • o 1 l + columns. Tbe gnd oodc currcntly hemg smoothcd 11 row 3 

4 + x • • ll x + c:otumn 4. Eacb gnd nodc ullllc:r .1111 wttl be wetBhtcd by 

S + + + + + + + Ux value of t.bc smooth1ng matn~ and avcrqed tn to obtatn 

a ncw value for the ecnter pid oodc. Tite 1111ttt• woll thc:n 

be shlftcd artd Ux pnxzss rcpeated unt1l tite enure gnd ts smoothcd. Not~ee 

tha1 the ed~s of thc gnd are undeftncd and wtll be blankcd 

For non-<11111m:e v;c¡gh!Cd smoothtng, the ~ oodcs w11t lta~c a wctght of 1 O and 

'f 



!he o noóe w¡Jl be: assL,rned !he a:mer pom1 we1gh1 Dtsunce we1,rh~ 

sl!lOOU'lm~ wiiJ us,gn we¡gtlu 10 ~¡, 1 oued on lile •nve~e o! ULe ouur.:e 10 

lile cerner n.1seo lo a spec111ed power 

Sphnc !)moothmg 

:Oolone smoommg folia cub1c spnne toan Cll5tmg ~rod 10 mteroola!C """' 

>'lllucs De!wecn n¡stmg ,rroc nociCS Th1s Lr.:rea.ses !he dCn.lll\ ot lhc ¡!fld 

~llow1n¡! smoomcr comours ano surraces The). and ' C101n.lton ta~tors rclcr 

tome number ot poma to 11\SCrt bc:Lwccn u¡umg gnd nodcs '" lhc). and ' 

d~rccuoru rcspeciLvel) Spl1ne smoottnng may 1ncrcase the tu¡ta and lows of 

!.he or1gmal gnd 

In !he cumple JI lcñ. !he as1Cri.$k.s rcpresem 

lile ongmal 3 by S ¡nd. The nades representa! 

by lhc dou werc lnterpolaiCd us1ng cutuc sphne 

• smooclun¡ 1 po~m ....u calculaiCd berwccn cach n:dc 
m lhc X dirccuon. and 2 pomu werc calculaiCd 

bc:twecn each nade In lhc Y d1rccuon ID g1~ a 

• final gnd of 7 rows by 9 columi\S 

Enher !he capans•on f~tors or lhc new numbc~ of colum.ns and rows may be 
spectfied For cumple. the X capansLOD factor may be sct to 2 (the dcfauh 

v:aluc) and thc numbcr of rows (Y d~rCCUonl may be sct to 33 Howevcr. the 

Y eapans1011 fa&::IOf may not be sct 1f thc numbcr of rows 11 sct. as these are 
mutua.lly e~CIU$1VC. 

UsiD& tbe Hdp System 
To obum hclp rtleVIIII to !he currtnt toptC prcss Fl. the HELP key. To 

ob1:a1n furthcr hclp. selcct 1ny of thc opnons 11 thc top of thts SCrtCn 

To sclcct a Hclp opnon ctther type !.he firsr lettcr of the opuon or posiuon 

thc: pomtcr wnh 1hc arrow keys and press ütc Entcr kc} 

Tocan thc hclp sys~em and return 10 the GRID mem.ts, press the Ese kcy 

Special Keys 

The followmg kcys havc spec1al puflX'SeS 

Fl Hc!p 

F3 Rcturn to GRID Mcnu 

F4 Savc all current scmn¡s m a spec1fied command file 

Shtfl F4 Storc htghllghtcd scmn¡ m command file GRID.CMD 

FS D1rcctory 

Ese Back up 1 levcl (Ellts GRID at GRID Menul 

Entcr Se lec! curre m opuon. bcgm proceutn¡ tf on bouom row of pop-up 
Arrow kcys Move hLghlightcd pomter 

Top1c Menus 

Two d¡ffercnt typcs of mtllll5 are used 10 make choiCCS. Thc fmt type a¡:¡pc¡o. 
on !he upper two ltnel of the sc:rccn. ThiS typc of mcnu IS IDed to npwlly 

Klcct map 1opa and u called 1 topLC mcnu. Thr: mcnu at Lhc top of lhts 

SCrtCn 11 a tapie mc1111. Anow keys may be 1lled to ~ thc h1ghlighted po~mr:r 

to d1ffercm opuons As d1ffcrcm ophons are hi¡hhghted a brtcf eltptanauon 

of !he current op11011 w¡JI be dLSpla)'ed on thc sccond row of !he scrccn 

Afu:r pos1110111n~ lhe pormer 10 the dcs~red opuon u may be selcciCd by 

prenmg thc Enter Key Opuons IIU.Y be rap1dly selected by typmg 1hc ftm 

lcuer ot thc des ~red opuon, 

lf Ese ts prcssed wh1le m a topLc mcnt•. thc prc~•ous mcnu w¡JI be d1splayed 

Ese may be pr~sed um1l there are no more prcvtous mcnw. In thts case the 

program wtll end and rc1urnw DOS. 

A sccond 1ype of mcnu known as a pop-up mcnu wtll appcar m vanous placcs rn 

lhc lowcr poruon of the scrccn These menll$ are uscd 10 spec1fy severa! 

rclatcd valucs at onc ume Thc arrow kcys w¡IJ movc lhc htghhghl from one 

ficld 10 anothcr To change an opnon sunply type 111lhc cles1red Vllluc: and 

prcss Entcr or !he Up or Down arrow kcys 
Pn:sstng the Emcr kcy wuh rhe porntr:r on !he bouom (LC]d w¡IJ acccpt thc 

curre m valuc:s and bcgm any rclatcd proccn1ng. 

Tbc Ese kcy nu.y be prascd 11 any umc to back up 1 leve l. lf a su•ng or 

valuc 11 bemg clungcd when Ese is pressed, !he pn:vto111 1111ng or valuc w•ll 

be restored Prt:U¡n¡ Ese a sccond umc wlll C111 Lhc mcnu 

Equauon Calculation 

Equat10n:s are spc<:tfled usmp: sl:andard 111fi1 I'IOUIIIOIIInd prea:dcncc rul~ 

Opcraun 111 order of decrc.uin¡ prcccdt:ncc are: 

unary mLDUS 

• / muhtpiiCIIIOO and diVISIOO 

+ - addmon and subtraet100 

OpcratorS of equal prca:dencc: are C\IIILIIlCd from left 10 nght Parenthcscs 

may be us.ed 10 OYCIT!Óe prcecdcncc or for clanty. Thc followmg bu1IHn 

funcuons are supporwl 

aco5(a) Rtturns thc are cosme of s. m the ratee-· o· w p1 

The Vlllue of a must be betwecn ·1 1nd 1 

asm(1) Rcturns !he are Sine of a m the ranse ~ to p1/2 

The \OII)ue" 01 l mll$1 be tltl'•ttn -1 an.;! 1 

atann> Rewrn.s ~are U~cnl 011 m me r~n¡:t -n, ·: h' ·' : 

atan:!!\ ll Re1urru Lile are tan¡zem ol v ' on me ran~< -r• t<' ~ 

ceo!lll ReuJrn.s lile smaiiCSI mlc~er tn...o 11 ~re~te; tn.an o· «.lu~ 

C0S"' 

coshtl> 

C1pl1) 

~bshl 

noortal 
fmod(a,yl 

"''' jl(l) 

JlliD,l) 

lotlal 
IOJI01)) 

mm11.yl 

11\U(l,y) 

pow¡q) 

mdn(a.yl 

SID(l) 

llnh(a) 

Sqrt(~) 

131\(l) 

tanh(l) 

"''' yl(l) 

yntn,l) 

keturns tnc cos•ne 01 ' 

Returru the h.,.perbouc cosme 01 • 

Returi\S lile ea¡'IOl'll:nttal tvncuon 01 a te 10 thc •1 

Re1urns lhc absolu1e value 01 a 

Rcnltns thc larges1 •ntcger less than or rqual 10 l 

RcturnJ lhc floaull& pmm rcnu.1nder ot al> 

Rcturns lhc B~sel tvncuon ol thc !im ~u·d ot ordcr rero at' 

Rcturns thc Bcuel TUntiiOII of thc fL~t ~uv:l ol ordcr one ;u ' 
Rcrurns !he Bcssel Nncuon of thc f10.1 ~ond or order n :at • 

RcllllliJ !he natural log:anthm oll 

Returns lhc base \0 IOf!&I'IU!m 01 a 

Re1urns lhc smallet ol l and ~ 

Rel\lfi\S liJe lat¡Eer 01 1 :and \ 

Retwns l ~•sed 10 thc: vth JIO"-Cr 

Rcuans a normally dLSitibulCd (Gauntanl ranOOm numt~er "'uh 

mranaand sWidanl OevLa/1011 y. 
Rewms 1 uruformly d11U1buted ranOom numbcr from thc 1nterv1.l .... 

Rctums thc une of • 

Retums thc hyperboiLC SIIIC of 1 

Rcnlfns the squarc I1XM of • 
Rcturns the l:allfelll of a 

Retums !.he hyperboltC UR¡ECDI of l 

Re1urns tite Bessel luncuon of the ~nd kmd of order :ero~~ ' 
Returns the Bencl tuncuon ot !he 2nd ~1nd ot order onc 11 ' 

Returns thc: Bcnel tuncuon olthe 2nd ~1nd ot oraer n at ' 

CrndLinr 

Thc formal of the GRID command linc ts 

GRID jopuons] IXYZ diita file] 

wbcre opuons can be 1ny of the pro¡!rammablc GRID vanablcs ¡lutappcar 1n 

thc GRID command file Any var•ables tha11ppear on thc command l1~ "''11 
~rndc tho:se 1111hc command file All opuons muse be •mmcdLaLeil preceded 

by a 1 or • charactcr. Opuons muse be scparatcd wtth spacc~ or t.abs 

Stnn¡s coru•nn1¡ blanb or tabs must be enclosed 111 double q\IOLC$ T ype the 

GRID.CMD file for a complete l11t ofvalid opuons 

The laS! argumcnt may be a file !pectf!Cation tor an XYZ data f1lc u• be 

grrddcd. An XYZ data file constsiS of an X. Y. and Z coorom¡ue on e~,h l1ne ot 

the file. ThLS ts !he s.amc rypc: as that rcad tn tromlhc };.terna! opuon m 
thc worbhtr:t. GRID wtll rcad thc fllt and automat!Cally bnng up 1he 

Random mcnu. 

Eumple: GRID IGRDNGL •SO /GM •KRIGING TEST _DA T 

GridJO 

Gnd files may be wrmen 111 one of 1wo forma": Bmary or ASlll 

Bmary 11 much turcr and crcatcs snu.ller files Howcver Btnan files 

cann01 he typcd, cdned. ot 1mponcd mto pro,rrams other than tnose bv Golden 

~ftware Becausc of 1hcsc ILmltaUoru. files may he ou1pu1 iL.I ordtnan 

ASC'IIteat files Thcsc files may then be ¡mporiCd tn¡o cd1tors andolhcr 

pro¡rams for tur1hcr proceSSLIIII or mochficauon 

Dunng 1nput, 11 IS poss1ble 10 spcctfy a sub-Jnd Wllhm thc gnd f1k The 

qucsuon:s pcr~:armng 10 f1nt 1nd las1 rows and columns reter 10 the hm1u of 

!he su~,rrtd to rcad GRID wtll es.tract only those rows_and columns from thc 

grKI file that comprtse thc spec1fied sub-Jnd The Oelaui1 range of 1 10 32767 
wlll rcad !he enure Jfld. 

·~~ 
NumtrLC valucs nu.y be formattcd tn a F•xcd. Eaponcru~al. or General 

formal Wnh caen of thcsc mctbods, thc uscr nu.y spcctfy the number of dtgu.s 

to thc nght or tlJr; clcctnu.l po1nt. lntcmally all numcnc valucs are 51ored as 

32 bn enuues. Thu 11 eq1nvalent w appruirm.tely 7 d1g1U of prcctsiOII, 

F•xed formatLS oflhe form 1-Juaa a:ux wherc u.aau one OJ more dLgLts. 

Thc numbcr of d1gtts before tlJr; clcctmal po1m Oepcnds on thc magnuucle of thc 

number. 

E~m~al format wlll pnru values with thc form 1-Ja,maEJs¡gnJux. whert 

X ts a SlfliiC d1111, U.:U IS - Of more dt¡lli. and llJ. ts CJ.JCtly thrtt 

dL¡Lts, and 111n 11 + or • 

General formal w¡JI prmt valucs tn Ftaed or E.lponcnt¡al format 

wh¡chevcr IS more COmpacl for t.hc ¡LYCn value lnd prcc1110R Tr:a11ing z.cr05 

are truncatcd and thc decimal po1nt appcars only 1f onc or more dLgns tollow 

En"iron 

The Env~ron mcnus are used to conf¡aurc GRID for thc mstalled llardware. In 

most case!;, GRID w1!1 makt rcuonable suesscs asto tllc monnor type. colors, 



eu: but m sorne cases n mav be destn.ble 10 avernde the dc&ult Vllues 
DataP•nn soectfic.s the parn for tnput aro ourput f1lc.s 

Scr~nlypc !S U$ed lO SpeC!fV d!Sp!aV OU!pUIJW"<lrneten T~ f1n1 ll 

wnet.ner 10 eilrnmatc soov. or rll)l, ~no"' constsLS or ranoom ¿¡as ~~e.~ of h¡!.hl 

hen the d•splav 1S bem~ "'THten to ~no"' el1mmauon 1s wuallv onl' 
;essan on IBM color gr.phiCS c:ards mol EGA S). and "'111 slo"' OUipU\ 

.>1U1dcrabl~ Thts v¡¡.l~ ll t~nored 1f !he ROM BIOS ll U$ed 

On sorne compaublcs or muhuasktn¡ open.ung systems n is nec:cu.¡¡.ry 10 we 
!he ROM BIOS for d1.1play output To we the ROM 8105 for all scn:c:n output 
iliiS""'Cr YES to the BIOS prom¡n 1n the ScreeoType popup. Note that thtS wdl 
slow all Kreen output 

Thc: MenuColor menu allows selecuon of the thr~ colon weC tn all of GRID's 
menu $CI'eens. All pau1ble colon are dtSplayed on the popup. even thou¡h sorne: 
ofthe colon 1111.y not be VISible on monochrome mon1tors. To uve the selected 
colors. u:se thc: Sh•ft-F41r.ey 10 storc: the value •n thc: c:ommand file. 

DataPillh 
Entera path tor alltnput and ourput f1les (data filc:s. gr1d files. etc.}. In 
othc:r \O'OI'ds. th1s path ~fc:n LO lho!.e files referrmg 10 lhe wen' data or 

whtch control !he: gmldtng of sa1d data 

Th1t path does not apply 10 GRID.CMD That LS found tn the same d•rectory as 
GRID.EXE 

lf ro diSk dnve rs spcctfiCd. the currently .atve dnve ts used 
lf the dLSir. dr1ve LS spcctflll!d wtth no dzrecwra. the Clll'nmly aaive 
ducc:tory for that dr1ve rs wed 
lf the path spcc:tfiOluon LS dcletcd or blanked. the curremly acuvc d1rcctory 

LSWed. 

Thcre are 3 paths of 1ntCrest 
1 The path as spec1fted uncler DataPath 

The path wed. to acnvatc GRID 
The currently acuve dzrcctory. 

The Jast LS useC only 1f the fim LS blank or dcleted 
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- PRICKETT LONNQUIST AQUIFER MODEL SYSTEM (PLASM) 

' MODELO MATEMATICO PARA SISTEMAS ACUIFEROS 

DESCRITO POR EL METODO DE DIFERENCIAS FINITAS PARA RESOLVERSE POR 
. (HETODO NU~ERICO) UNA VARIANTE DE METODO IHPLICITO EN DIRECCION 
ALTERNANTE. 

AUTORES. T.A. PRICKETT Y C.G. LONNQUIST 
ILLINOIS STATE WATER SURVEY 
U.S.G.S. BULLETIN 55, 1971. 

FUNDAMENTOS MATEMATICOS. 

• LA ECUACION DIFERENCIAL EN DERIVADAS PARCIALES (BITTINGER Y 
OTROS, 1967) QUE DESCRIBE EL FLUJO BIDIMENSIONAL EN REGIHEN 
TRANSITORIO, EN UN ACUIFERO CONFINADO, HETEROGENEO E ISOTROPO 
ES: 

DONDE: 

"T= TRANSHISIVIDAD 
h= ALTURA PIEZOMETRICA 
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 + Q1 . + 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. ;)"-( 



.. 

.. 

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. N0.-10 p 33. DIAGRAMA DE FLUJO) 
. ~S 

7__ 



EJEMPLOS: MALLA DE TAMANO UNIFORME 
ACUIFERO PROPIEDADES HOMOGENEAS E 

- SOLUCION TEORICA ISOTROPIAS 
NIVELES PIEZOMETRICOS INICLALES = CERO 
INCREMENTOS DE TIEMPOS IGUALES 

CASO DE ACUIFERO ILIMITADO 

1) NR y NC = 31 ; LADO DE MALLA 300 m 
2) T = 100 m2/dia 

S = 0.01 
W = 900 m3/m 
H = O 
Qo = O m3/dia 

•· 3) DELTA = 0.5 diae 
NSTEPS = 40 

4) Q(16,16) = 4000 m3/dia 



INFO~MACION BASICA PA~A LA IMPLANTACION DE UN MODELO 

1.- OISCRETIZACION 

-Planos Topogr6ficos. Parteaguas. 

- Plano Geohidrológico. 

-Delimitación del Area 

- Geologla Subterr4nea. Cortes 

Litológicos. 

-Registros El~ctricos. Perfiles 

Geológicos. 

- Geoflalca. Geometrla de las 

Formaciones en el Subsuelo. 

- Censo de Aprovechamientos. 
Localización de Pozo& Piloto. 

- Selección de la Malla. Areas de 

Concentraci-ón de Información. 

: 
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FIG. 3 ILUSTRACION EN PLANTA ' LAS CELDAS DEL t.40DELO 
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INFQRMACION BASICA PARA LA IMPLANTACION DE UN MODELO 

2.- PARAMETRIZAyiON 

- PrueDas de BomDeo. Aforos en pozos. 

Interpretación de Caracterlsticas 

T. S, b, K, S&, K', 

-Distribución espaclal.de Caracterlsticas 

Hidrodin6micas. 

- Adaptación de Caracterlstica& por Celdas. 

-Construcción de Matrices de ParAmetros. 

, 

¡• lf 
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INfORMACION BASICA PARA LA IMPLANTACION DE UN MQDELO 

3.- CONCEPTUALIZACION 

- Modelo Conceptu5l de funcionamiento. 
Definición de Entrada& y Salidas. 

-.Distribución de la Lluvia por Periodo&. 
Volumen de Lluvia por Celda. Adjudicación 

de Coeficientes de Infiltración. 

-calculo del Caudal de Infiltración. 

-Infiltración y/o Drenaje de Rlo& y Arroyos 
Calculo del Caudal por Celaa. 

-Definición de Area& de Salidas del Aculfero por 
Evapotranspiración. 

- Volúmenes de Extracción por pozo. 
Calculo ae la Extracción por Celda. 
Separación de Extracciones por Riego, 
Industrial y Potable. calculo de Laminas de 
Riego y Retornos al Aculfero. 

- Piezometria. Red de flujo en Condiciones 
Iniciales, Intermedias y Actuales. HidróQrafos 
de Pozos. 

Evoluciones Piezom4trica& por Periodos. 

-Condiciones de frontera. Definición de Celdas 
de no flujo <Inactivas>. 

Celdas de Car9a Constante. Celdas de Car9a 
ver i'able. Celdas ae_.flujo Constante. 
Alimentación por Semiconfinamiento. 
Otras Celdas. 
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SIHULACION COMPUTACIONAL DE FLUJO EN MEDIOS POROSOS SATURADOS 

Rodrigo Medina Bañuelos 

Introducción: 

El análisis del comportamiento observado de un acuifero, y la predicción 

de su evolución futura, son objetivos importantes que se pretende alcanzar 

mediante una serie de estudios multidisciplinarios que permiten simular el 

movimiento del agua en medios porosos. 

La implementación de un modelo numerico de simulación requiere de 

información proveniente de diversas disciplinas. resul lados 

proporcionados por estudios geológicos, geofísicos, hidrogeoquimicos, 

hidráulicos, climatológicos, etc. constituyen los archivos de datos que 

caracterizan al acuífero estudiado. 

La metodología que se emplea en el proceso de modelación numérica, 

consiste en obtener una ~olución aproximada de la ecuación diferencial que 

gobierna el movimiento del agua en un medio poroso saturado. La región de 

simulación se define de acuerdo a la geometría del sistema acuífero 

estudiado, y se le imponen condiciones de frontera justificables por la 

geología y la hidráulica subterránea. Adicionalmente, para la solución 

transitoria se requiere de condicior.es iniciales (observadas o deducidas) 

para el tiempo de inicie je la simulación. 

Una vez que se dispone de los archivos de datos, el algoritmo numcrico de 

solución de la ecuación d<: flujo,· cc:-:diciones iniciales y de frontera 

especificados,. se procede a ejecutar !~s simulaciones de calibraclón del 

sistema, enfocadas a reproducir el comportamiento observado. La 

incertidumbre en los valores asignados a los parametros hidráulicos y a la 

recarga del sistema, entre otros. factores, pueden conducir a una 

discrepancia entre los niveles piezométricos observados y los simulados. 

La calibración del modelo consiste en modificar los archivos de datos 

propuestos originalmente, hasta obtener un funcionamiento del sistema que 

sea similar al observado históricamente. 

1 



Las simulaciones predictivas se realizan utilizando los archivos de d~tos 

calibrados y permiten prever el comportamiento que el sistema acuifcro 

ad9ptará en el futuro al ser sometido a diversas políticas de explotación. 

Las configuraciones de niveles plezométrlcos obtenidas mcdlnnlc 

simulaciones predictivas, son determinantes en la toma de decisiones para 

el manejo racional de los recursos hidráulicos y para el discfio de las 

estructuras requeridas. 

En los subcap!tulos 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, 

frontera, 

algunos comentar los acerca de 

un ejemplo del procedimiento 

los problemas 

de solución 

con valores 

analítica 

a la 

de un 

problema con·valores a la frontera, y finalmente un artículo referente a 

la simulación numérica del acuífero de San Luis Potosí que ilustra 

concretamente la metodología expuesta. 

--. 
2 
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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 conlrol: 

d pv, - ¡¡¡ (pv,l 

d 
pv,- oy (pv,l 

pv, 

y 
pv, 

pv, 

Según la ecuación de continuidad (Ley de Conservación de la Materia), las 

entradas (E) mehos las salidas (S) en un sistema, son iguales al cambio de 

volumen almacenado dentro del mismo (6V). 

E-S=LIV 

La masa que pasa por unidad de tiempo a través de una cara del volumen de 

control 

donde: 

[ 
__ M __ ) se puede expresar como pvA 
L2T 

p = Densidad del fluido ( 
v = Descarga específica [ L 

T 

) 

) 

Las entradas menos las salidas en la dirección x serán: 

pvx Lly 6z -
B(pvx) 

ax 
6y Llz 

3 



Análogamente: 

en la dirección y: 

pvy !J.x !J.z - [ pvy + 

en la dirección z: 

pvz !J.x !J.y - ] !J.x !J.y 

Las entradas menos las salidas en el volumen de control serán: 

E - S = 
[ 

a(pvx) + 

ax 

a(pvy) 

ay 
+ 

a(pvz) 

az 
] !J.x !J.y t:.z 

Dividiendo entre el volumen !J.x !J.y !J.z, se obtiene el cambio en el 

almacenamiento por unidad de volumen del sistema: 

!J.V = 
[ 

a (pvx) 

ax 

a(pvy) 
+ + 

ay 

a(pvz) ] 

az 
( 1 ) 

Para un sistema en estado estacionarlo la variación del volumen almacenado 

con respecto al tiempo (!J.v) es igual a cero: 

óV = O 

Suponiendo densidad del fluido constante: 

[ 
élvx + Bvy + Bvz ] ·= 0 

ax ay az 
( 2) 

Sustituyendo la ecuación de Darcy: 

V = - K en cada componente 

4 



a ( 3) 

.iJx 

Suponiendo que el material es isotrópico (Kx = Ky = Kz) y homogcneo (K = 
e te). 

= 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 hidráulica en estado estacionario en cualquier punto en una 

reglón tridimensional. 

Flujo transitorio en medio saturado. 

La ley de conservaclón 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 variación con respecto al tiempo de la densidad p del fluido 

que se encuentra dentro de los poros del ma.terial limitado por el volumen 

de control 

[ 8(pvx) + B(pvy) 
+ 

B(pvz) ] = 
a(pn) 

Bx ay az at 
( 5) 

donde n es la porosidad del material. 

Desarrollando el lado derecho de la ecuación. 

- [ a(pvx) a(pvy) a(pvz) 
] = n 

ap an 
+ + + p 

ax ay az at at 
( 6) 

n ap es la masa producida 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 

5 

= 



por unidad de tiempo cuando cambia su porosidad. 

Se puede demostrar que el camb~o 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 hldrául ica h disminuye una unidad, es Ss 

(coeficiente de almacenamiento especifico [L- 1
)) 

Ss = pg(a+nJ3) 

a = compresibilidad de la matriz sólida 

~ = compresibilidad del fluido 

El cambio de masa de fluido almacenado por unidad de tiempo es: 

ah 
tJ.V = p Ss 

at 

La ecuación (6) se puede expresar como: 

a(pvx) 

ax 

a(pvy) 

ay 

a(pvz) 

az 

ah = p Ss 
at 

( 7) 

( 8) 

( 9) 

Desarrollando los términos del lado 

cadena, y considerando que los términos p 

izquierdo por medio de la regla de la 
avx 
ax son mucho mayores que los 

ap . 
vx ax' y sustituyendo la Ley de Darcy, se obtiene: 

Considerando medio isótropo: Kx = Ky = Kz 

+ + = 
a/ K at 

+ + = 
a/ T at 

--·· 
6 

ah 
Ss 

at 
( 10) 

( 11 ) 

( 12) 



Esta ecuación se conoce como la ecuación de difusión. La solución 

h(x, y, z,:) describe el valor de la carga hldraulica en cualquier punto 

(x,y,z) de la región para cualquier tiempo t. 

Problemas con valores a la frontera 

Un problema de valores a la frontera es un modelo matematico 

La técnica de analisis de un problema· de valores a la frontera es un 

proceso de 4 pasos: 

1) Examen del problema físico 
2) Planteamiento del problema físico en términos de un problema 

matemático equivalente 
3) Solución del problema ~atemático con técnicas matemáticas 
4) Interpretación de los resultados matemáticos en términos del problema 

físico. 

Los ·problemas de flujo en medios porosos dan lugar a un problema 

matemático de.la forma de problema con valores a la frontera. 

Para definir completamente un problema transitorio de valores a la 

frontera en flujo subterraneo se necesita conocer: 

1) El tamaño y forma de la región de flujo (geometría del sistema) 
2) La ecuación de flujo dentro de la región 
3) Las condiciones de frontera alrededor de la región 
4) Las condiciones iniciales en la región 
S) La distribución espacial de los parametros hidrogcológicos que 

controlan el flujo 
6) Un método matematico de solución 

Si el problema con valores a la frontera es para estado estacionario, no 

se requiere conocer las condiciones iniciales del sistema. 

Los métodos de solución para un problema con valores a la frontera pueden 

ser clasificados en S enfoques: 

1) Solución por inspección 
2) Solución por técnicas graficas (redes de flujo) 
3) Solución por modelos analógicos (circuitos eléctricos) 
4) Solución por técnicas matematicas analíticas 
S) Solución por técnicas matematicas numéricas (modelos computacionales) 

: 
7 



Ejemplo de una solución analítica a un problema de valores a la frontera 

Considere el problema de flujo subterráneo mostrado en las figuras: 

y 

A 
///11/l//111111 

B y = YL 
k =K 

h ho 
1 h h1 = = .E 

y = o X 
D 1//ll/ll////// e 

X = O X = XL 

La ecuación de flujo en dos dimensiones para flujo en zona saturada y 

estado estacionario es: 

a2 
h 

+ 
a2 

a x 
2 a Y 

La expresión matemática de 

ah o ay = en 

h = hO en X = 

h = h! en X = 

h 
= 

2 

las 

y = 

o 
XL 

o 

condiciones 

o y y 

( 1 ) 

de frontera es: 

= yL ---.(2) 

(3) 

(4) 

Se obtendrá h (x,y) usando la técnica de separación de variables: 

Se supone en el método de separación de variables que la solución es un 

producto de la forma: 

h(x,y) = X(x) Y(y) (S) 

La ecuación ( 1 ) se expresa ahora como: 

y a2 x X 
a2 Y 

o + -- = 
a x 2 a Y 

2 
- - - (6) 

~· 
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Dividiendo entre X Y se obtiene: 

= - - - (7) 

El lado izquierdo es independiente 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. Si los dos términos de la ecuación son 

independientes de x y y, cada término debe ser igual a una constante. 

entonces: 

y 
1 

y = G - - - (8) 

L~ constante G puede ser positiva, negat~va o cero. Los 3 casos conducen 

a ·~na solución tipo producto. Pero sólo el caso G = O dá lugar a una 

solución que tiene significado físico para este problema. Por lo tanto: 

= o y 
1 

y = o - - - (9) 

Estas son ecuaciones diferenciales ordinarias cuyas soluciones son bien 

conocidas: 

X=Ax+B y Y = Cy + D ---(10) 

La solución producto (S) es: 

h ( x, y) = ( Ax + 8) ( Cy + D) ---(11) 

Los coeficientes A, 8, C y D se evaluan mediante .las condiciones de 

frontera. Diferenciando (11) con respecto a y se obtiene: 

= (Ax + B)C ---(12) 

=' 
9 



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 (J) y (4); 

,F =ha y E= -(ha- h1)/xL. La solución es entonces: 

.h(x,y) = ha -(ho- h1) x 
XL 

- - - (13) 

( 14) 

Se aprecia claramente que la ecuación (14) satisface las condiciones de 

frontera (J) 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). e 

--
10 
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EVALUATION ÓF W:üROTHERMAL SOURCES THAT SUSTÁIN AN 
OVEREXPLOITED AQUIFER AT SAN LUIS POTOSI, HEXICO. 

I. HERRERA, R. MEDINA, L. CHARGOY & J. CARRILLO 
Instituto de Geoflslca, UNAM, Hexico City 

Apdo. Postal 22-582, 14000 Hexico, D.F., Hexico 

ABSTRACT. A numerlcal model is lmplemented for the aqulfer of the Clty of San 
Luis Potosi, which takes into account the contrlbution of an underlylng 
thermal source. ?reviously, lt was thought to be overexploi ted. By means of 
the·numerical model, it is shown that this ls not the case, because there ls a 
contribution from the underlylng thermal source. Slnce the propertles of the 
thermal source are not known, the procedure used to incorporate them ls to 
adjust the values of the vertical hydraullc conductlvlty between the thermal 
source and the aqulfer untll the actual plezometrlc levels in the aqulfer were 
reproduced. For this case study, such a procedure has produced useful results. 

INTRODUCTION 

The Valley of San Luis Potosi, is located in the hlgh plateau of the Republlc 
of Hexico (Fig. 1) and lt lles in the seml-arld reglan. The water demand of the 
City of San Luis Potosi, capital of the state of the same name, for 
agricultura!, urban and industrial uses, has been steadily increasing. Host of 
the water supplled te the clty ls from underground sources, because due to the 
reduced rainfall, the surface water contribution is small (only 8 ~). 

There is concern with respect to the future evolutlon of the aquifer, because 
in the Jast few years the observe~ speed of drawdown has reached the rate of 

-1 
l. 3 m year . How~··.,r, lf the hyc:-o..:llc balance of the aqulfer ls carrled out 
taklng lnto accou:n only what ls ;;c::.wn about the aquifer, the predlcted rate 
of drawdOilll ls even larger. On ~e'" j¡asls of thermal, chemlcal and hydraulic 
evldences, In a prevlous study: :~stltuto de Geofísica, UNAH (1988), lt was 
established that the differences between the observed and the predicted rate 
of drawdown ls due, to water supplied by deeper geologlcal formations wl th 
thermal activlty. 

Taking lnto account these facts, 1t was declded to 1mplement a numerlcal rnodel 
of the aqulfer to lmprove the understandlng of 1 ts behavior, spec1ally w1 th 
respect to the deep thermal sources, and to pred1ct the systern behav1or under 
different exploltatlon pollcles for the next twenty years. 
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Figure 1: Location map of San Luis Potosi Basin 

HYDROGEOLOGIC MODEL 

\ 
/ 

On the basis of the avaiiable geological, geophyslcal, piezometric ~ 
hydrochemlcal information, the proposed hydrogeological model of the syste 
includes a "shallow aquifer" of reduced yield and poor quality water. Th~ 
aquifer overlies a "clay formation" which in turn confines a deeper aquifer. 
Most of tl:Íe water is produced at this "deep aquifer", which has therma 
activity (Fig.2). Below it, lay the "thermal sources". 

· ... 
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Figure 2: The hydrogeological model 

In this figure, 1t can be observed, that the system of regional flow is 
important for aqulfer performance, producing a vertical component of hot 
water. For a detalled geological descrlptlon of the system, the reader ls 
referred to the previous study: Instituto de Geofisica, UNAM (1988). 

MODELLIHG OF THE SYSTEH 

For the implementation of the !"lumerical model, a conceptual model of its 
behavior was defined, suitable differential equations were adopted, a computer 
program was selected and its callbration was carried out using the available 
information. The piezometric levels produced by the program, were interpolated 
using the package SURFER: Golden Software, Inc., (1989) to obtain a more 
convenient graphical representation. 

The conceptual model 

The liaits of the area included in the model, are shown in Fig. 3 and were 
based on geologlcal considerations. 
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Figure 3: Grid used in the numerical simulation 

The San Miguelito range at the west and the San Pedro range at the east, · 
constitute natural boundaries because they present conditions of no flow, and 
at sorne places constant head (Fig. 4). 
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Figure 4: Area covered by the clay formatlon 

The northern and southern llmlts were selected on the basls of the plezometrlc 
lnformation that was available and they were taken as impermeable, because 
there is evidence that the flow there, ls negllgible. The shallow aqulfer, 
located on the upper part of the system, functlons as a uni t independent of 
the deep aquifer, be cause the el ay layer that separa tes them is sensibly 
impervious. Taklng lnto account that most of the water is produced at the deep 
aquifer, the purpose of the model is the prediction of lts behavior 
exclusively, leaving·aside the shallow aqulfer. 

The Baslc Equatlon 

The governing equatlon.used was: 

~(Kxah) ax ax (1) 

where Ss = speclflc coefflcient of storage [L-11 

K = Hydraullc conductlvlty [LT-11 

h = Hydraullc head [L) 

t = Time [T1 

--. 
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However, the analysis of the flow was mainly two-dimensional, because only two 
horizontal layers were incorporated in the model. 

The computer code MODFL0\1: McDonald & Harbaugh, (1984), was used 
calculations. This model applies the cells method which yields 
differences approximations . 

in al! 
finlte 

. The deep aquifer can be satisfactorily modelled using a 2x2 Km grld and 
applying finite difference schemes on them, as illustrated in Fig. 4. Layer l 

: includes the best known part of the system, where the value of the hydraullc 
properties are known or at least can be estimated. Layer II was introduced to 
model the deeper, less known geological forma tions which supply the thermal 
water. The flow and. interaction between layers I and JI, ls due to the 
dlfferences of hydraulic head between them. In layer II, 1 t was assumed a 
constant hydraullc head that remalned greater than the head of !ayer 1, 
throughout the runs. Thls induces a vertical component of flow whose magnitude 
can be adjusted varying the ratio of the hydraullc conductlvlty (Kz) to the 
thickness of the layer where the flow takes place. 

An upper boundary condi tion of no flow was consldered in !ayer 1, which 
corresponds to the clay !ayer whose hydraulic conductivity is neglected. ln 
the horizontal limits of the aquifer, either constant head or no flow boundary 
condltions were considered, as indicated in Fig. 4. 

CALIBRATION 

In the perlod January 1987- July 1989, heads were measured monthly in 
observation wells distributed throughout the reglen that was modelled. At the 
same time, the pumping rate was mea su red in sorne cases and estima ted by 
indirect means in others. 

In addltion, the piezometric head distrlbution corresponding to 1960, is 
available and there are estimates of the historical evolution of. the pumping 
rates. 

The hydraul le properties of the known part of the aquifer were obtained by 
means of pumping tests and also sorne pllllping tests available from prevlous 
studies were lnterpreted. Tr~nsmissivlty varies between 1x10-s and 

-4 2 -1 
8x10 m s . The calibration for !ayer I, started wlth these values and then 
were modified on the · basis of the resul ts of the callbration. The properties 
of layer II were adjusted until the behavior of the system was reproduced in a 
satisfactory manner. 

In spite of the additional plezometrlc lnformation that was available, the · 
calibratlon was based on the perlod 1987 - 1989, which covers 30 months only. 
This was due to the better quallty of the data for that period. Once the 
results of the calibration were obtained, the data of less quallty that were 
available for the period 1960 - 1988, were used to verify lt. 

In the evaluation of the storage coefficlents of the reglen modelled, 10 
values that were determined by pumping tests were incorporated. The extension 
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of the confining clay !ayer was determined by means of the analysis of the 
prevailing geological conditions (inferred from well logsl and geophysical 
surveys. The values of the storage coefficients that were used for the cells 

-4 -3 
that behave as confined, are between ZxlO and 7x10 . In the case of cells 
that perform as unconfined, values between 0.02 and 0.15, were used. 

The initial runs, using the 
distribution of the piezometric 

estimated values of 
heads shown in Fig. S. 
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Figure 5: Contour map of predicted piezometric heads, without thermal sources 
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In thls figure the predlcted drawdowns devlate drastlcally from those 
observed, the greatest devlatlons occurrlng ln the area where the thermal 
manlfestatlons have been observed (Flg. ó). 
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Figure 6: Location of thermal sources 
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The general concluslon. drawn from these results, 
behavior cannot be predlcted satisfactorlly using the 
T, when only horizontal flow is modelled. The yield 
much larger than the one obtained in such model. 

was that the observed 
observed values of S and 
of the actual system is 

The discrepancy between the observed and pr'edicted heads, 
one of the following manners: 

a.- .lncreaslng the storage coefficient of the aquifer, 
-unconflned in all the reglen modelled. 

b.- ·rncorporating addltional sources of water 1n 
required. 

The first option is unrealistic, since it contradicts 
directly supplied by well logs and must be discarded, in 
that it was used in a previous study: Niedzielsky, (1990). 

can be reduced in 

cons1der1ng lt as 

the cells, where 

geologic evidence 
spi te of the fact 

On the other hand, the inclusion of addi tional sources in the: model is fully 
justified by the hydrochemical ánd thermal evidences: Cardona (1990), 
Carrillo-Rivera (1992). They represent the vertical component of the regional 
system of flow that has been observed in·the thermal area of the Valley of San 
Luis Potosi (Fig. 6). Therefore, this was the option that was adopted 1n the 
model. It was incorporated by means of an additional !ayer (layer IIl whose 
properties were adjusted in the calibration of the model, assuming the 
piezometric head of that !ayer is constant. 

Since the hydraullc propert ies Óf the maln aquifer (!ayer I) are the best 
known, in the calibratlon, emphasis was placed in determining the properties 
of the thermal sources. A first guess of the values of the hydraulic 
conductivity in the vertical directlon (Kzl between layers I and II, based on 
the temperatures and well discharges measured in the fleld, was useél in the 
lnitial simulations, and then they were adjusted until the actual p1ezometr1c 
distributions in the thermal area were reproduced. The stopping cr1terion for 
the calibration process was that the actual heads should be predicted with an 
error of less than one meter in the thermal zone, as shown in F1g. 7. 

Using the calibrated model, a global mass balance of the reglen was carrled 
out. The results obtained are listed in Ta~le l. 

Table 1: Mass Balance of the Aquifer 

Concept 
Aqulfer storage 
Lateral recharge (cold water) 
Upward supply (hot water) 
Total well extraction 

Q(m3s- 1
) 

0.34 
o. 36 
l. 90 
2. 60 

~ 
13 
14 
73 
lOO 

The dlstribution of the supply, shows clearly that :he most important 
contributlon comes from the vertical f low which origina tes in the regional 
system and exhibits thermal anomalies. 
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Figure 7: Contour map of predlcted piezometric heads, after calibration 

Long perlad verification 

As was álready 
1 988, was u sed 
calibration was 

mentioned, the information available for the perlad 1960 -
to test the resul ts of the calibra tion. Thus, after the 

completed, a run covering that period was carried out. 

Taking the known -initial conditions for !960 and estimating the evolution of 
the rate of pumping in the period, the piezometric heads were predicted, using 
the calibrated model. The results of the simulation after 29 years, had 
differences of less than 3 meters between the observed and computed heads, in 
the thermal area. This ind.lcates, speclally taking into account the low · 
quali ty of the informal ion available for the period, that the parameters that 
were obtained in the calibration, are acceptable to make predlctions of the 
behavior of the system, within a moderate range of accuracy. 
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TESTING DIITERENT PUHPING POLICIES 

The analysis of a wlde range of exploltatlon pollcles of the system is 
necessary, to quantlfy the potential of the thermal sources, as a water supply 
for the city of San Luis Potosi. 

Predlctlons of the behavlor of the system for a perlod of 21 years ( 1989 -
2010), under dlfferent exploltatlon pollcies were carrled out. The optlons 
consldered were: 

r. o- Keeping the present extractlon rate flxed during the whole period. 
I. 1- lncreaslng the rate of extraction 5 Y. every 5 years. 
l. 2- Increaslng the rate of extraction 10 '·' every 5 years. .. 
l. 3- Increasing the rate of extraction 20 l. every 5 years. 

I I. 1- Increasing the rate of extraction in the thermal are a excluslvely 
(13 cells) 51. every 5 years. 

I I. 2- lncreaslng the rate of extraction in the thermal are a excluslvely 
(13 cells) 10% every 5 years. 

I 1. 3- lncreaslng the rate of extraction ln the thermal are a excluslvely 
(13 cells J 201. every 5 years. 

1!.4- lncreaslng the rate of extraction in the thermal are a excluslvely 
(13 cells) 401. every 5 years. 

In Table 2 the resul ts obtained for the dlffer-ent pollcies that were tested 
are shown. For each pollcy the total volume extracted durlng the perlod of 21 
years is given · and then the percentages which orlginate in the thermal 
sources, the storage of the aquifer and the neighborlng reglons is lndicated. 
Finally, in the last column the total volume of drawdown produced during the 
whole period in the modelled reglen, is given ln milllons of cubic meters. 
These results are also lllustrated in graphical form, in Fig. 8.· Clearly, te 
ensure a drawdown as low as posslble, locatlng the addltlonal demand in the 
thermal region is the best option. 

Table 2: Predicüons for the period .19E'· - 2010 under different policies 

Policy 

l. O 

!.1 
!.2 
!.3 

I I. 1 
I I. 2 
II. 3 
I l. 4 

Total Pumped 
Volume 

Of Thermal 
Origin 

Fro:o Aquifer 
Storage 

From the 
Boundary 

Drawdown 
Volume 

(m 3 x106
) 

1698 
(l.) 

81 

When increments in 
1915 81 
2153 76 
2702 77 

When all lncrements of 
1866 83 
2069 81 
2184 82 
2946 82 

(l.) 

3 

pumping are 
5 
7 

11 

pumplng are 
4 
5 
6 
8 

1 1 

(l.) 

16 
(m

3xi0 6 J 
3440 

uniformly distributed 
14 6000 

8800 
16000 

17 
12 

taken from thermal are a 
13 4800 
14 6400 
12 7600 
10 13600 
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Figure 8: Comparison of simulated policies 

CONGLUSIONS 

A numerical model that takes into account the contribution of thermal sources 
was developed, and using i t, different operation ~ollcies ha ve been tested, 
for the aquifer of the City of San Luis Potosi. 

!ni tially, i t was in tended to implement a model wi thout thermal sources. 
However, it turned out to be impossible to achieve a model capable of 
predicting the observed behavior, when only horizontal flow was modelled. Thls 
pointed out the need of lncorporating thermal sources ln the model, in order 
to explaln the vertical flux comlng from deeper geologlcal formatlons, whose 
hydraullc propertles are unknown. Thls vertical supply was incorporated in the 
model, introducing a !ayer of,constant hydraulic head in the lower aquifer. 

Since the propertles of such layer were unknown, i t was necessary to der 1 ve 
them durlng the callbration process. The maln parameter that was adjusted was 
the vertical hydraulic conductlvlty that exists between layers I and !!. At 
the same time, the hydraulic propertles, T and S, of the aquifer and the 
boundary conditlons were also adjusted. The fact that an additlonal parameter 
was introduced in the calibration, made thls process more compllcated than ls 
usual for this klnd of appllcations. However, this form of proceedlng ls 
similar to what is usually done when applying modelling techniques in· the 
horizontal plane, for which i t ls standard to elimina te neighboring regions 

-with insufficlent hydrological lnformatlon by lmposlng suitable boundary 
condi tions. In many cases, the supply coming from such regions is quite 
significant for the behavior of the part of the aquifer which is modelled. 
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The results of the callbratlon were satlsfactorlly verlfled by reproduclng the 
observed · behavlor in a longer perlod (1960-1988) of exploitation of the 
aquifer, for whlch lncomplete hydrometrlc lnformatlon was avallable. The 
results of thls study lndlcate -that the procedure used here, to study a deep 
geologlcal formatlon for whlch no lnformatlon ls avallable, may be useful more 
generally. In particular, ln the case study he re reported, ln spl te of the 
lnsufflclent knowledge of the deep formatlon, lt was posslble to make 
recommendatlons for the pollcles to be followed in the productlon of the 
aquifer. These recommendatlons are better founded than if the lack of 
lnformation about the thermal sources,' had lnhlbi ted the development of such 
modeL 

The · distribution of piezometrlc heads predicted on the assumption that the 
present rate of pumping is contlnued through the whole period, 1989 - 2010 
(Flg. 9 optlon J. O) lndlcates that the present extractlon can be contlnued 
without produclng exceedlngly large dra.,c:owns. 

----------
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Figure 9: Contour map of predlcted plezometrlc heads (1989 pumplng rate) 
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Figure 8, clearly illustrates the fact that if the pumplng rate ls to be 
increased, the most convenient option from the point of view of keeplng the 
drawdowns as small as possible, is to concentrate the demand in the thermal 
area. However, if such policy is adopted, the supply would contain a greater 
volume of thermal water, which would deteriorate its quality. Thus, in such 
case, 1t would be important to monitor the dissolved ions and the water 
temperature. lf this is done, 1t should be recommended that the information 
gathered in this manner, be used to improve the numerical model and to test 
the· assumptions on which it is based. 
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MANUAL PARA LA UTIL!ZACION DEL VISUAL MODFLOW 

l. ABRIR UN ARCHIVO O CREAR UNO NUEVO 

l. Enfile se utiliza open para abrir un modelo ya extistente. 

2. Enfile se utliza new para crear un modelo nuevo. 

3. Al crear un modelo nuevo se pide el nombre y el subdirectorio donde se va a almacenar. 

Es recomendable tener un subdirectorio especifico para cada modelo. 

4. A continuación se piden las unidades en que se trabajara a lo larg~ del modelo. 

5. En este momento se pregunta si se desea tener como base algun dibujo (generalmente 

hecho en autoc;¡C. '1. El archivo tiene que estar en formato dxf, en autocad se teclea dxfout 

para crear un archivo en <!Ste formato. 

6. A continuacion se dan las características de la malla de discretización. Se piden la 

coordenada mínima y máxima en X, asi como el número de cc:-;umnas deseadas en el 

moci:· :·:J. De esta manera el modelo calcula el tamaño de cada columna. 

7. Los mismos datos se requieren para el eje Y (renglones) y el eje Z (capas). Esta malla 

podra despues ser modific:!::f:. Nótese que si se tomo como base un dibujo dxf, las 

coordenadas máximas y mínimas son toma~as de este dibujo, aunque si se desea se 

pueden modificar. 

8. A continuación se muestra la zona discretizada y el plano base. En el menú principal se 

escoge input para alimentar el modelo con los datos. 
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MANUAL PARA LA UTIL!ZACION DEL VISUAL MODFLOW 

2. ALIMENTACION DE LOS DATOS DEL MODELO 

• En el menú que aparece del lado izquierdo existen 3 opciones para visualizar las 

columnas, renglones o capas del modelo. 

• En gato previous o next se puede visualizar la capa anteri.or o. la siguiente. Tambien se 

pude visualizar la columna o renglón siguiente o anterior, si estas se están visualizando. 

• . Del menu que se encuentra en la porción baja de la pantalla: 

Fl - (help) Ayuda. 

F2 - Después de presionarlo podemos obtener las coordenadas de cualquier 

punto del modelo. 

F3 - (save) Para salvar. 

F4- (map) Para introducir otro dibujo o plano base al modelo. Se pueden 

añadir el·número de dibujos o planos base que se deseé. 

FS - (zoom in) Para tener un acercamiento de alguna porción del modelo. 

F6 - (zoom out) Para tener una visualización completa de la zona del modelo. 

F7 - (pan) Para desplazarse por el modelo al estar en acercamiento. 

F8 - (vert exag) Para determinar la exageración vertical que se utilizará para 

poder visualizar mejor las secciones. 

F9- (overlay) Esta opción se utiliza p~a "apagar" o "prender" las capas de 

dibujos. Es decir para poder visualizar o no ciertos dibujos que se hayen 

importado en F 4, o la distribución de las diferentes características del 

modelo como los pozos, recarga, conductividad hidráulica, etc.·· 

FIO- (main menu) Para regresar al menú principal. 

l. Modificación de la malla y delimitación de celdas activas e inactivas 

• En el menú superior se selecciona grid. 

• Con las opciones .add column, dele te co/umn y add row, delete row se pueden agregar o 

borrar columnas o renglones del modelo. 
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MANUAL PARA LA tmLlZACION DEL VISUAL MODFLOW 

• Lo mismo se puede hacer con las capas cuando se visualiza una sección. Nótese que ésta 

es una discretización matemática, y no forzosamente se necesita discretizar en el mismo 

número de estratos geológicos. Es decir, un estrato geológico puede subdividirse para 

efectos de discretización, teniendo las mismas características todas las subcapas creadas 

para éste estrato. 

• Para importar la superficie dei terreno o la base de alguna capa, se utiliza la opción 

import surface. Con esto en vez de que el modelo sea un cubo perfecto, se podran tener 

en cuenta las irregularidades del terreno, o de las capas geologicas. 

• Las superficies se pueden importar en archivos en formato ASCII. Los archivos deben 

ser una lista de tres columnas de las coordenadas en X,Y,Z de varios puntos, o se puede 

importar un archivo creado en SURFER (grd). 

• Las celdas inactivas son zonas donde el modelo no interviene. Para delimitarlas se utiliza 

la opción {nactive cells. Se puede trazar un polígono para marcarlo como inactivo. Para 

revertir la elección se puede tambien marcar, un polígono activo. 

• Esta delimitación se realiza en una sola capa. Es importante copiar esta información a las 
/ 

capas que lo requieran, usando el comando copy polygon. 

2. Asignación de valores de conductividad hidráulica y almacenamieJ_Jto 

• En el menú superior se seleccionaproperties y ya sea conductivity o storage. 

• A continuación se asignan los valores de conductividad hidráulica, almacenamiento y 

porosidad que por default asignara el modelo a todos los nodos. 

• Posteriormente se zonifica la malla con las opciones del menú izquierdo assign single, 

polygon o window. 

• Después de seleccionar una zona se puede elegir entre darle un valor nuevo (new) o de 

asignarle algún valor que haye sido designado con anterioridad. 

• Dependiendo si se escoje conductivity o storage en la opción de properties, se podrá 

zonificar la conductividad hidráulica o el almacenamiento y la porosidad. 
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MANUAL PARA LA UTIL!ZACION DEL VISUAL MODFLOW 

• Es importante copiar las propiedades necesarias a las capas que lo requieran utilizando la 

opción copy /ayer del menu izquierdo. 

• Nota: A cada nueva propiedad· se le asigna un color distinto para ser distinguido en el 

modelo. El color blanco representa el valor que se dió como defalut. 

3. Asignación de fronteras 

• En boundaries se encuentran las diferentes opciones de frontera. Se pueden asignar 

como línea, polígono o ventana por medio del menú de la izquierda. 

• En la opción de recharge se agrega la regarga en mm/año. Nótese que no solo la recarga 

por lluvia puede ser representada de esta manera, tan solo se necesitan respetar las 

unidades en que esta recarga se asigna. 

4. Alimentacion de la información de los pozos 

• En la opción de pozos (wells) se pueden añadir, borrar, copiar o editar pozos por medio 

del menú izquierdo. 

• Al seleccionar add we/1 se localiza el punto donde se localiza el pozo. En la ventana que· 

aparece a continuación se agregan los datos del pozo como el nombre, el intervalo en 

que el pozo se encuentra ranurado y el historial de bombeo del pozo. 

NOTAS: 

a) No se puede nombrar un pozo como. otro anterior. 

b) Las unidades de bombeo son m3/día. 

e) Si el pozo es de recarga las unidades de bombeo se denotan con signo positivo. 

d) Si el pozo es de bombeo las unidades de bombeo se denotan con signo negativo. 

e) El modelo no tiene una escala de tiempo real, así que es necesario tomar la fecha en que 

se inicia la simulación como día cero dentro del modelo. De esta manera las fechas del 

historial del pozo, así como el resto de los datos del modelo que tienen variación con el 

tiempo, deben de ser asignados en número de días a partir de la fecha que se tomó como día 

cero. 
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW 

3. PARA CORRER EL MODELO 

• En el menú principal se escoge run. 

• Se escoge si la simulación es en estado transitorio (transient) o estacionario (steady­

state). 

• Se selecciona run, y se selecciona modjlow. 

• Si se desea correr el modptah, zona de balance (zone budget) o _MT3D también se 

seleccionan. 

4. PARA VISUALIZAR LOS RESULTADOS 

• En el menú principal se selecciona output. 

• Si el modelo :':ce corrido en estado transitorio, en time se puede escoger el momento en el 

tiempo en que se desea visualizar la configuración de la superficie piezométrica. 

• En goto se puede visualizar la configuración de la superficie piezométrica en las 

diferentes capas. 

• En options se puede modificar el intervalo utilizado para configurar y el valor del 

contorno máximo y mínimo. 

• En el menú superior, en velocities se obtienen vectores del flujo del agua en donde se 

aprecia la dirección del movimiento del agúa subterránea. En options se puede escoger el 

tamaño relativo de estos vectores y su densidad por área. Estos vectores no son 

propiamente líneas de flujo, ya que estas, por definición no se cruzan entre si. 
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EJEMPLO DEL VISUAL MODFLOW 

l. DESCRIPCION DEL PROBLEMA 

Este ejemplo está basado en el flujo del agua subterránea en un sistema formado por un 

acuífero libre en la porción superior, un acuitardo en la porción media, y un acuífero 

confinado en la porción inferior, como se muestra en la figura l. 

RECARGA :: 10 CM/A"lO 

1 

5 m 

~-------------------------~-.~/C¡ 1 18 mi 
------ ! 1 1 ~ ,, ' 

~~/ ~ / i! : 
1 r"-1 A-CL-Iicc-,::::--------r"~ ~ ~j_ 12 

m 1 

11 1 ~~ 1 1 

! i ¡_.- 1 ' 

! 
1 

1 1 y ~ /~. ¡'-
1

: 6r, i¡ i : i ACUITARDO 1 1 ~ 
i i ... ... ,. 1 

¡:--¡ -------------:,1 ... ~~..J-o~, 1 

¡ i ACUIFC:RO ,_... ~ 
': 1 --~--;, 1 

~================~~· 2000 r-. 1 

i5 m 

iO ':l 

O m 

Figura L Dimensiones del acuífero 

Notas: 

• Este ejemplo está tomado del manual de Visual Modflow por WJterloo Hydrogeologic 

Inc. 

• El símbolo ~ significa enter. 

• El símbolo -1'l significa presionar el botón izquierdo del mouse. 
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EJEMPLO DEL VISUAL MODFLOW 

2. CREACION DE UN NUEVO MODELO 

Estando en el sistema operativo teclear 

VMODFLOW~ 

Esto nos lleva a la pantalla de Visual Modflow 

'1l O.K. 

'1l FILE 

'1J NEW 

Aparecerá una ventana preguntando por el nombre del nuevo modelo. 

Teclear el nombre del nuevo modelo: 

VMEJEM ~ 

(Visual Modflow asigna automáticamente la terminación .vmf) 

Aparecerá una ventana para escoger las unidades deseadas (figura 2). Las unidades se 

seleccionan utilizando el mouse. 
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EJEMPLO DEL VISUAL MODFLOW 

Time unit Pumping rate tmit 

Oseconds ®m•/day 

O minutes Üfl0 /day 

Conductiuity unit Ühours Ous gpm 

Ücm/second ®days Ous gpd 

Üyears Recharge 

O inches/year 

~ ®mm/year 

O melers/day 

Üfl/second 

Üfl/day 

~~~-'-~! IGk~~l :~ ~---. --~~: ~~~ 

Figura 2. Ventana de selección de unidades 

~ meters 
~ m/sec 
~ days 
~ m3/day 
~ mm/year 

~ O.K. 
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EJEMPLO DEL VISUAL MODFLOW 

3. DISEÑO DE LA MALLA 

La siguiente ventana preguntará si se desean importar las coordenadas de un mapa en 

formato dxf 

-1! YES 

-11-11 VMEXAMP.DXF 

En el caso en que se ha escogido un mapa, Visual Modflow leerá las coordenadas máximas 

y mínimas del mapa y las sugerirá como las dimensiones del modelo. Aparecerá una 

ventana para definir las dimensiones y características de la malla (figura 3) solo se requiere 

teclear sobre los espacios o sobre los valores sugeridos para modificarlos. 

Enter number of columns 

Enter mínimum X [m] 

Enter maximum Xlrnl 

Enter number of rows 

Enter mínimum Y (m] 

Enter maximum 'r'lml 

18.888 

lz888.888 

18.888 

IZ888.888 

Enter number of layers ~~6'======i 
Enter mínimum Z eleuation [m] ltt.BBB 

~===:::::: 
En ter maximum Z eleuation lml I~.:1:::5:::.8::8::8:._ __ .J 

Figura 3. Ventana de diseño de la malla 
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k 
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Plan Uiew 
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Enter number of columns 
Enter Minimum X (m) 
Enter Maximum X (m) 

En ter number of rows 
Enter Mínimum Y (m) 
Enter Maximum Y (m) 

Enter number of layers 
Enter Mínimum Z (m) 
Enter Maximum Z (m) 
"ee O.K. 

EJEMPLO DEL VISUAL MODFLOW 

40 ¿; 
Od) 
2000 ¿;. 

40 ¿; 
o ¿; 
2000 ¿; 

6(j) 

o ¿; 
15 ¿; 

Una malla de 40 x 40 y el plano base aparecerán en la pantalla (figura 4). 

Figura 4. Archivo importado en formato dxf 
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EJEMPLO DEL VJSUAL MODFLOW 

4. REFINAMIENTO DE LA MALLA 

Se necesita refinar la malla alrededor de los pozos de abastecimiento de agua (supp~y wells) 

y de la perforación abandonada (abandoned boreho/e). El tamaño de la celda repre~enta el 

tamaño del pozo, por lo tanto una malla mas discretizada simulará el pozo de una manera 

masrealística. Además del tamaño del pozo, si existe abatimiento alrededor del pozo. una 

discretización mayor producirá pendientes menos abruptas del nivel estático en zonas de 

abatimiento. 

'1J eniNPUT 

'1J en ADD COLUMN 

Mover el mouse a cualquier lugar en la malla y '1l el BOTON DERECHO DEL M O USE. 

Haciendo esto se puede definir los lugares eX:actos para definir la discretización de la malla. : 

Aparecerá una ventana para la información de la malla (figura 5). 
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EJEMPLO DEL VlSUAL MODFLO\\' 

ÜAdd single grid rme al 1737.75::: 1 [mJ 

\!! Euenly spaced grid llnes from: 113511 1 [m) 

1o: l1ss11 1 [mJ 

al inleruals of: lzs I 1 [m] 

1~ 

Figura 5. Ventana de refinamiento de la malla 

Escoger EVENLY SPACED GRID LINES FROM: (líneas igualmente espaciadas 

desde:)"' en el círculo vacío. 

En las ventanas asignar los siguientes valores: 

from 1350 ¿? 

to 1550 ¿? 

at intervals of 25 ¿? 

"' en O.K. 

"' en ADD ROW 

Mover el mouse a cualquier lugar en la malla y "' el BOTON DERECHO DEL MOUSE. 

Aparecerá una ventana para la información de la malla. 
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EJEMPLO DEL VISUAL MODFLOW 

Escoger EVENL Y SP ACED GRID LINES FROM: (líneas igualmente espaciadas 

desde:) '1l en el círculo vacío. 

En las ventanas asignar los siguientes valores: 

from 450 ¿) 

to 600 ¿) 

at intervals of 25 ¿) 

'1J en O.K. 

Esto a refinado la malla alrededor de los pozos de abastecimiento de agua (supply wells). 

Ahora lo haremos alrededor de la perforación abandonada (abandoned borehole). 

'1J en ADD COLUMN 

Mover el mouse a cualquier lugar en la malla y '1l el BOTON DERECHO DEL MOUSE. 

Aparecerá una ventana para la infonnación de la malla. 

Escoger EVENL Y SP ACED GRID LINES FROM: (líneas igualmente espaciadas 

desde:) '1l en el círculo vacío. 

En las ventanas asignar los siguientes valores: 

from 795 ¿) 

to 900 ¿) 

at intervals of 1 O ¿) 

'1l en O.K. 

'1J en ADD ROW 

Mover el mouse a cualquier lugar en la malla y '1l el BOTON DERECHO DEL M O USE. 

Aparecerá una ventana para la infonnación de Ia malla. 

Escoger EVENL Y SPACED GRID LINES FROM: (líneas igualmente espaciadas 

desde:) '1l en el círculo vacío. 

En las ventanas asignar los siguientes valores: 

from 950 ¿) 

to 1100 ¿) 

at intervals of 1 O ¿) 

'1l en O.K. 
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EJEMPLO DEL VISUAL MODFLOW 

Ahora vamos a determinar la exageración vertical. 

"EE VIEW ROW 

Mover el cursor a cualquier lugar en ·la malla. Al mover el cursor de arriba hacia abajo de la 

malla el renglón ocupado cambia a color rojo. "EE en cualquier renglón. Ahora ha sido 

transferido de una vista aérea a una vista de secciór.. E: n este momento el modelo no tiene 

exageración vertical. Para poder visualizar la sección mejor: 

"EE FS (Del menú de la parte inferior de la pantalla) 

Aparece una ventana, escribir: 

25 ~ 

"EE O.K. 

Ahora se visualizan las 6 capas en la pantalla. 
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EJEMPLO DEL VISUAL MODFLOW 

5. PARA IMPORTAR UNA SUPERFICIE 

'11 VIEW COLUMN 

Mover el mouse a la malla y '11 en cualquier columna. 

'11 IMPORT SURFACE 

Aparecerá una ventana como la de la figura 6. 

~ 

Q From SURFER .GRO 

lmport filename: 

¡¡¡¡¡¡¡¡m¡¡g¡ 
Surface Options ---------, 
~lmport ground surface 

o lmport bottom eleuation or: 

layer !1 

Mínimum layer thidmess : t;l1:_ __ _, 

Use c:fs:.._ __ ...JI nearest sample points.. 

r.:¡~=. =.=, 1 1~ !~ 

Figura 6. Menú para importar superficies 

'11 en CHOOSE FILEN AME 

Para escoger el archivo conteniendo la superficie. 

'11'11 VMEXAMP .ASC 
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EJEMPLO DEL VISUAL MODFLOW 

'-'G O.K. 

JE! O.K. 

Esto importará una superficie con una pendiente que va de 18 metros al norte hasta 15 

metros al sur (figura 7). 

Figura 7. Superficie . Jpográfica importada 
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EJEMPLO DEL VISUAL MODFLOW 

6. ASIGNACION DE LOS VALORES DE CONDUCTIVIDAD 

HIDRAULICA, ALMACENAMIENTO Y RECARGA 

"El VIEW LA YER 

Seleccionar la capa superior y "El. Esto deberá de crear una vista aérea del lugar. 

"El PROPERTIES (en el menú superior) 

"El CONDUCTIVITY 

En este momento el modelo preguntará si se desea salvar la información de la malla. 

"El en YES 

Hay que asegurarse de estar viendo la capa superior (capa l ). Esto se puede ver en el cubo 

que se encuentra en la parte inferior izquierda. 

A continuación una ventana pide los valores que se asignarán como default a todas las · 

celdas. Después se podrán modificar los valores a cada celda. 

Conductividad hidráulica en X y Y (Kx y Ky) en m/s: 

Conductividad hidráulica en Z (Kz) en m/s: 

Coeficiente de almacenamiento(Ss) en llm: 

Rendimiento específico (S y): 

Porosidad (Por): 

"El O.K. 

2e-4 ¿) 

2e-4 ¿) 

le-4 ¿) 

0.2 ¿) 

0.35 ¿) 

Ahora se asignará el valor de conductividad hidráulica del acuitardo (capas 3 y 4). 

"El GO TO (en el menú de la izquierda) 

Aparecerá una ventana, escribir: 

3 ¿) 

"El O.K. 

"El ASSIGN WINDOW 
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EJEMPLO DEL VISUAL MODFLOW 

Mover el mouse a la celda de la esquina superior izquierda y ~ en el centro de la celda. 

Después mov~r el mouse a la esquina inferior derecha y ~ en el centro de la celda. Esto 

creará una ventana que cubrirá toda la capa. Aparecerá una ventana para asignar la 

conductividad. 

~ NEW 

Toda la malla cambiará a color azul. Asignar los valores de conductividad hidráulica del 

acuitardo: 

Kx (m/s) = 1e-10 </) 

(El valor de K y será asignado automáticamente) 

Kz(m/s) = 

~ O.K. 

1e-10 </) 

~ COPY LA YER (del menú izquierdo) 

Aparecerá una venatana, escoger: 

~ COPY ALL PROPERTIES (seleccionando el recuadro) 

~ LA YER 4 (le dará un color verdoso a la capa) 

~ O.K. 

Ahora se asignarán los valores de almacenamiento al acuitardo. 

~ PROPERTIES (en el menú superior) 

~ ALMACENAMIENTO 

~ ASSIGN WINDOW 

Mover el mouse a ia celda de la esquina superior izquierda y ~ en el centro de la celda. 

Después mover el mouse a la esquina inferior derecha y ~ en el centro de la celda. Esto 

creará una ventana que cubrirá toda la capa. Aparecerá una ventana para asignar el 

almacenamiento. 

~ NEW (toda la malla cambiará a color azul) 
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EJEMPLO DEL VISUAL MODFLOW 

Asignar los valores de almacenamiento y porosidad:. 

Ss (1/m): 

S y: 

Por: 

"ei O.K. 

le-2 <}) 

0.003 <}) 

0.65 <}) 

"ei COPY LA YER (del menú izquierdo) 

Aparecerá una ventana, escoger: 

"G COPY ALL PROPERTIES (seleccionando el recuadro) 

"G LA YER 4 (le dará un color verdoso a la capa) 

"G O.K. 

Para comprobar los valores tanto de conductividad como de almacenamiento mediante "G 

en EDIT SINGLE, del menú izquierdo. Esto creará una ventana mostrando los valores de 

conductividad hidráulica y el almacenamiento para cada celda mediante un "G en ella. 

Ahora se simulará el efecto de la perforación abandonada para ver el efecto en transporte. 

"G PROPERTIES 

"ei CONDUCTIVITIES 

"G GO TO (Dar un valor de 1 para ir a la capa 1) · 

"ei O.K. 

"G ZOOM IN (Del menú inferior) 

Hacer una ventana cerca de la perforación abandonada (abandoned borehole) 

"G ASSIGN SINGLE (Esto es para asignar propiedades a una sola celda) 

Aparecerá una ventana de asignación (figura 8). 
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EJEMPLO DEL VISUAL MODFLOW 

' 

Kx [m/sl: 

Ky [m/sl: 

Figura 8. Asignando las propiedades a la perforación abandonada. 

't NEW (Dará un color verde) 

Asignar los siguientes valores: 

Kx (m/s) = · 1e-1 ~ 

(El valor de K y será asignado automáticamente) 

Kz (m!s) = 1e-1 ~ 

't En el centro de la perforación abandonada (definida por el círculo) para designar 

la celda a la que se le asignarán las propiedades. 

't O.K. 

't COPY LA YER (del menú izquierdo) 

Aparecerá una ventana, escoger: 
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EJEMPLO DEL VISUAL MODFLOW 

JQ COPY ONL Y PROPERTY # 

Escribir: 

3<P 

-1! SELECT ALL 

Todas las capas cambiarán de color (figura 9). 

-1! O.K. 

JQ ZOOMOUT 

Copy only property +1 ~ 

Copy from layer 1 

To 

Figura 9. Copiando las propiedades de la perforación abandonada. 

Ahora se le dará a la capa superior la recarga. 

-1! .PROPERTIES 
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EJEMPLO DEL VISUAL MODFLOW 

-1! RECHARGE 

NOTA: En la nueva versión de Visual Modflow, tanto la recarga como la 

evapotranspiración, se encuentran en el menú de fronteras (BOUNDARIES) y no en el 

de propiedades. 

Aparecerá una ventana para asignar el valor de recarga por default. Escribir: 

100 ~ 

-11 O.K. 

Visual Modflow asigna a~tomáticamente la recarga a la capa superior del modelo. 
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EJEMPLO DEL VISUAL MODFLOW 

7. DELIMITACION DE LAS FRONTERAS DE FLUJO 

'"'El BOUNDARIES 

'"'El CONST ANT HEAD 

Aparecerá una ventana preguntando si se desea salvar la información. 

'"'El YES 

'"'El ASSIGN LINE (del menú izquierdo) 

Mover el mouse a la celda de la esquina superior izquierda y '"'El en el centro de la celda. 

Después mover el mouse a la esquina superior derecha y '"'El con el botón derecho en el 

centro de la celda. Una línea horizmital de celdas cambiará a color rosa y aparecerá una 

ventana para asignar los valores de carga constante (figura 1 0). Asignar los siguientes 

valores: 

Code #: 1 .& 
'"'El en el cuadro de STOP TIME 
Stop time: 3650 .:! 
Start point: 18 .& 
End Point: 18 
'"'El O.K. 
La línea rosa cambiará a color rojo indicando que la carga constante ha sido a5ignada. 
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EJEMPLO DEL VISUAL MODFLOW 

Figura 1 O. Menú para la asignación de la carga constante 

-IEJ COPY LA YER 

Aparecerá ia ventana para copiar propiedades. En el cuadro COPY ONL Y CODE # ya 

tendrá el número l. 

-IEJ LA YER 2 (esto hará cambiar de color la capa 2) 

-IEJ O.K. 

Ahora asignaremos los valores de carga constante del acuífero inferior. 

-IEJ GO TO (en el menú de la izquierda) 

Escoger: 

IX CURSO INTERNAeiONAL DE CONT AMINACION DE ACUIFEROS 
MODULO 111 MODELOS MATEMATICOS EN GEOHIDROLOGIA Y CONTAMINACION DE ACUIFEROS • 
OCTUBRE DE 1997 = 

19 



EJEMPLO DEL VISUAL MODFLOW 

-1! O.K. 

-1! ASSIGN LINE 

Mover el mouse a la celda de la esquina superior izquierda y -1! en el centro de la celda. 

Después mover el mouse a la esquina superior derecha y -1! con el botón derecho en el 

centro de la celda. Una línea horizontal de celdas cambiará a color rosa y aparecerá una 

ventana para asignar los valores de carga constante. Asignar los siguientes valores: 

Code #: 2 ¿) 

-1! en el cuadro de STOP TIME 
Stop time: 3650 ¿) 

Start point: 16.5 ¿) 

End Point: 16.5 
-1! O.K. 
La línea rosa cambiará a color rojo indicando que la carga constante ha sido asignada. 

-1! COPY LA YER 

Aparecerá la ventana para copiar propiedades. En el cuadro COPY ONL Y CODE # 

reemplazar el valor tecleando el número 2. 

-1! LA YER 6 (esto hará cambiar de color la capa 6) 

-1! O.K. 

-1! ASSIGN LINE 

Mover el mouse a la celda de la esquina inferior izquierda y -1! en el centro de la celda. 

Después mover el mouse a la esquina inferior derecha y -1! con el botón derecho en el 

centro de la celda. Una línea horizontal de celdas cambiará a color rosa y aparecerá una 

ventana para asignar los valores de carga constante. Asignar los siguientes valores: 

Code #: 3 ¿) 

-1! en el cuadro de STOP TIME 
Stop time: 3650 ¿) 

Start point: 14.5 ¿) 
End Point: 14.5 
-1! O.K. 
La línea rosa cambiará a color rojo indicando que la carga constante ha sido asignada. 

-1! COPY LA YER 
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EJEMPLO DEL VISUAL MODFLOW 

Aparecerá la ventana para copiar propiedades. En el cuadro COPY ONL Y CODE # 

reemplazar el valor tecleando el número 3. 

1'J LA YER 6 (esto hará cambiar de color la capa 6) 

1'J O.K. 

Después de asignar los valores de carga constante: 

1'J VIEW COLUMN 

1'l en cualquier columna para ver una sección del modelo (figura 11 ). 

· Figure ll. ·Fronteras de carga constante 

Ahora asignaremos la frontera del río al sur de la zona. 

1'J VIEW LA YER 

IX CURSO INTERNAeiONAL DE CONTAMINACION DE ACUIFEROS 
MODULO 111 MODELOS MA TEMA TICOS EN GEOHIDROLOGIA Y CONT AMINACION DE ACUIFEROS 
OCTUBRE DE 1997 = 

21 



EJEMPLO DEL VISUAL MODFLOW 

"[; en la capa superior del modelo (capa 1) 

"CJ BOUNDARIES 

"CJ RIVERS 

"CJ ASSIGN LINE 

Utilizando el plano base como guía se hay que digitalizar el río mediante "[; comenzando 

desde el margen inferior izquierdo y tratando de seguir su contorno. Cuando se ha llegado 

al final (al margen inferior derecho) hay que "[; en el botón derecho. Aparecerá una 

ventana para pedir la información del río (figura 12). 

r8J Assign to appropriate layer 

X 
y 
z 

Start Stoo 
Time [dayl Time [day] 

Figura 12. Ventana de información del río. 

Asignar los siguientes valores: 
Code#: 3~ 
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EJEMPLO DEL VISUAL MODFLOW 

"'O en el cuadro de STOP TIME 
Stop time: 3650 <f) 

Start Point River Stage: '14.5 <f) 

Start Point River Bottom: 14~0 <f) 

e vnductance: 1000 <f) 

End Point River Stage: 13.5 <f) 

End Point River Bottom: 13.0 <f) 

Conductance: 1000 
"'EE O.K. 

Después de que el río ha sido definido, una línea azul delimitará su extensión. 
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EJEMPLO DEL VISUAL MODFLOW 

8. ASIGNACION DE PARTICULAS 

Ahora asignaremos algunas partículas que emanen de la zona de tanques (refueling area) 

para delimitar el area de influencia que tienen estos tanques. Las partículas pueden ·ser de 2 

tipos: baclcward, para delimitar el area de donde las partículas provienen; y forward, para 

delimitar el area hacia donde van las partículas. 

NOTA: Esta manera de simular el movimiento de las partículas se realiza tomando en 

cuenta UNICAMENTE el flujo del agua subterránea. En la nueva versión del Visual 

Modflow se encuentra un paquete de simulación de movimiento de contaminantes 

mucho mas completo, llamado MT3D. 

-11 PARTICLES 

-11, YES (Para salvar la información de las fronteras) 

-11 ADD CIRCLE 

-11 En el centro del area de tanques (refue/ing area) que se encuentra en la porción centro­

superior de la zona. Expander el círculo que se forma hasta que cubra el recuadro del area 

de tanques y -11. Aparecerá una ventana (figura 13) seleccionar: 

-11 FORWARD 

-11 O.K. 

IX CURSO INTERNAe!ONAL DE CONTAMINACION DE ACUIFEROS 
MODULO III MODELOS MATEMA TICOS EN GEOHIDROLOGIA Y CONTAMINACION DE ACUIFEROS 
OCTUBRE DE I 997 ~ 

24 



EJEMPLO DEL VISUAL MODFLOW 

11 of Partides Ita 1 
Radius 145.8158 1 

!~! lii~l 

Figura 13. Agregando partículas 
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EJEMPLO DEL VISUAL MODFLOW 

9. AGREGANDO POZOS 

~ WELLS 

~ YES (Para salvar la información de las partículas) 

~ ZOOM IN (F5) 

~ cerca de los pozos de abastecimiento de agua (supp/y we//s) y hacer una ventana que los . . 

abarque volviendo a ~ para conseguir un acercamiento de la zona. 

~ ADDWELL 

Mover el cursor al centro del pozo de la izquierda y ~ en él. Aparecerá una ventana con 

la información del pozo (figura 14). 

15.69 
Well name 

IPOZO 1 Pumping Schedule 

• X Location 
11405.98 llml 

12.50 Y Loc:ation 

• 1525.31 llml 

10.00 lrfla<usciiíiñ'ilt:lilr.:@$il 
• lfff~m l~!ij 

7.50 Screen from: 

• 15.00 I llml 
5.00 To 

10.001 llml 

2.50 Well casing display as: 

1~1 

O Deoctivote Well 

Figura 14. Información del pozo 

IX CURSO INTERNA~IONAl DE CONTAMINACION DE ACUIFEROS 
MODULO 111 MODELOS MA TEMA TIC OS EN GEOHIDROLOGIA Y CONT AMINACION DE ACUIFEROS 
OCTUBRE DE 1997 - · 

26 



EJEMPLO DEL VISUAL MODFLOW 

Agregar la siguiente información: 

Well Name: 
Stop Day: 
Rate: 

POZOl 
3650 
-200 

NOTA: El bombeo del pozo debe de ser de negativo. Si el pozo es de inyección el signo 

debe ser positivo. 

~ ADDSCREEN 

Estos pozos deberán estar ranurados solo en el acuífero inferior, que son los últimos 5 

metros del modelo. ~ dentro del pozo a una elevación aproximada de 5 metros. y hay que 

mover la barra roja hasta la base del pozo y ~ otra vez. Los últimos ~ metros del pozo 

deben de haber cambiado de color representando el intervalo ranurado. 

~ O.K. 

~ COPYWELL 

Mover el cursor hasta que esté posicionado sobre el pozo izquierdo y ~. después mover el 

cursor al pozo de la derecha y ~ en él para co:1::rr el pozo. 

~ EDITWELL 

~ El pozo de la derecha 

Cuando aparezca el menú cambiar el nombre del pozo por POZO 2 y ~ en O.K. 

~ MAIN MENU (FlO) (Del menú inferior) 

~ YES (paia salvar la información de los pozos) 
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EJEMPLO DEL VISUAL MODFLOW 

10. PARA CORRER VISUAL MODFLOW 

J(JRUN 

J(J O.K. (para aceptar el estado estacionario) 

J(J RUN MODEL 

NOTA: La versión de Visual Modflow que se les ha entregado es un DEMO de 

práctica que no tiene la capacidad de correr el modelo. 

Aparece una ventana para definir que es lo que se va a correr (figura 15). 

[8J Run MODPATH 

O Run Zone Budget 

0Run MT3D 

Figura 15. Corriendo el Visual Modflow 

J(J en el recuadro de MODFLOW 

J(J en el recuadro de MODPATH 

J(J ü.K. 
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EJEMPLO DEL VISUAL MODFLOW 

11. VISUALIZACION DE LOS RESULTADOS 

~ OUTPUT 

Esto nos permite ver los niveles piezométricos calculados para el acuífero superior 

(figura 16). 

Figura 16. Nivelespiezométricos 
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EJEMPLO DEL VISUAL MODFLOW 

J[; P A THLINES (del menú superior) 

Esto nos permite ver el movimiento de las partículas (figura 17). 

Figura 17. Movimiento de las partículas 
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EJEMPLO DEL VISUAL MODFLOW 

-11 VIEW COLUMN 

Mover el cursor hacia alguna columna cerca de la perforación abandonada y -11. Esto nos 

dará una visión de la sección del modelo (figura 18). 

Figura 18. Movimiento de las partículas en sección 
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EJEMPLO DEL VISUAL MODFLOW 

La figura 19 muestra en un acercamiento del movimiento de las partículas, y se aprecia 

como es que la contaminación del acuífero superior puede llegar a los pozos de 

abastecimiento que bombean del acuífero inferior por medio de la perforación abandonada. 

Figura 19. Movimiento de las partículas a través de la perforación abandonada. 
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EJEMPLO DEL VISUAL MODFLOW 

Las figuras 20 y 21 muestran el resultaáo si la conductividad hidráulica que simula la 

perforación abandonada no hubiera sido tomada en cuenta. Este resultado predeciría que la 

contaminación permanecería en el acuífero superior sin infiltrarse por la perforación 

abandonada. De esta manera se predeciría erroneamente que Jos pozos de abastecimiento no 

se contaminarían. 

Figura 20. Movimiento de partículas cuando no se toma en cuenta la perforación 

abandonada. 
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EJEMPLO DEL VISUAL MODFLOW 

Figura 21. Sección mostrando que el movimiento de las partículas está restringido al 

acuífero superior, cuando no se toma en cuenta la infiltración por medio de la perforación 

abandonada. 

-1EJ MAIN MENU (del menú superior) 

-1EJ FILE 

-1EJ EXIT. 
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D~TOS DEL ARCHIVO VMEXAMP.ASC 

o o 15.2 
1000 o 15.1 
2000 o 15.0 
o 1000 16.3 
1000 1000 16.2 
2000 1000 16.1 
o 2000 18.2 
1000 2000 18.1 
2000 2000 18.0 
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SPECIAL NOTE 

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

To edit your autoexec.bat file in Microsoft Windows™: 
l. In Program Manager. open Accessories Group. 
2. Open Notepad 
3. Se lec! File 
4. Select Open 
5. Lis! all files by typing •. • 
6. Under Directorios select C:l 
7. Select autoexec.bat file 
8. Al line patb=C: add to file ;C:\GWW 

Al tbe end of your autoexec.bat file add the line SET GWW=C:IGWW 
9. Select File and Save 

10. Exit and reboot your system 

Example of autoexec.bat file (bold entries show location of file additions) 
C:\ WINDOWS\net stnrt 
C:\WINDOWSISMARTDRV.EXE !X 1024 128 
PROMPT $p$g 
SET PATH=C:IMOUSE;C:IWINDOWS;C:IDOS;C:IHDM;C:IAOL;C:\GWW 
M O USE 
SET TEMP=C:IDOS 
SET GWW=C:IG\VW 

To edit your config.sys file in Microsoft Windows™ 
l. In Program Manager, open Accessories Group 
2. Open Notepad 
3. Select File 
4. Select Open 
5 . . List all files by typing •. • 
6. Under Directorios select C:l 
7. Select config.sys file 
8. Change your file so that it contains: 

Files=70 
Buffers=lO 

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

Example of config.sys file (bold entries show location of file changes) 
BUFFERS = 30 
DEVICE=C:IWINDOWSIHIMEM.SYS 
device=c:ldos\emm386.exe x=c800-cbff 
DOS=HIGH 
FILES=70 
rem LASTDRIVE=P 
DEVICE=C:IWINDOWSIJFSHLP.SYS 
STACKS=9,256 
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GROUND WATER FOR WINDOWS ... OVERVIEW 

Ground Water for Windaws is a relational data base and a 
Ground Water Information System (GWIS). The GWW 
combines the prindples of Geographic Information Sys­
tems (GIS) with powerful dedicated grormd water data 

processing and reporting modules: 

• Master Data 

• Chemical Data(including time and depth series) 

• Pumping Test Processing and Aquifer Parameters 

• Well Logs and Well Construction Data 

• Lithologic, Hydrogeologic and Stratigraphic Cross 
Sections (in two and three dimensi~ns) 

• Mapping 

• Step Drawdown Test Data 

• Water Level Measurement Data 

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

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

• User-defined storage and retrieval applications. 

MAPPING The GWW is capable of: 
APPLICATION 

• Contouring any space-distributed parameter; such 
as any Chemical constituent; interpolated water level 
or depth to w:ater, transmissivity, hydraulic conduc­
tivity or any other hydrogeological parameter; stra­
tigraphic contacts expressed as depth or absolute 
elevations; thicknesses of lithostratigraphic mem­
bers; grormd surface elevation; etc. 

• Adding color regions to the map. 
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LITHOLOGIC' 
CROSS SECTIONS 

GROUND WATER FOR WINDOWS OVERVIEW 

• Creating a gridded equidistant model from random 
values. 

• Digij:i.zing, on screen with a mouse, lines, areas, and 
points. 

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

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

• Importing 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 maps to reduce a large data set to a smaller 
subset belonging to a free-hand drawn are a, a rectan­
gle, or sirnply 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 
be plotted on the lithologic or stratigraphic cross sec­
tion. 

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

You may add various lines connecting wells: 

• ground surface elevation 

• static or dynarnic water levellines 

• lines separating stratigraphic units. 
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FENCE DIAGRAMS 
orTHREE 

DIMENSIONAL 
MODELINGOF 

LITHOLOGY 
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You may !abe! these lines, and select any color, !ine pat­
tern, font and typeface for drawing or labeling. 

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

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

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

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

• Selecting wells for presenta !ion on fence diagrams. 

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

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

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

• Making drawings with legend blocks, labels and 
headers. 

• Saving drawings for printing. 
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CONSTRUCTION 
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Using the Well Log 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 construction details on the 
screen. 

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

• Print a welllog, using a default reporting form ór 
your own created forms. · 

• You may display static water levels on the log. 

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

• You may enlarge the well construction detall by ex­
panding to other columns. By selecting a large verti­
cal scale, the well log will continue to print on 
subsequent pages. 

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

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

:~ .. , 
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With the C hemistry application of GWW you can do the 
following: 

• Crea te the chemical portian of the Ground Water In­
formation System (GWIS) with unlimited number 
( except for practica! reasons!) of constituents and pa­
rameters. You may include any contaminant, trace 
metal, rare elements, and the like. 

• Display on the screen the following diagrams: STIFE 
PIPER, WILCOX, and SCHOELLER. Customize 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. 

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

• Report chemical data in tables and graphs. 

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

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

This is one application which might become handy if 
you have collected plenty of granulometric samples and 
have thern analyzed in a lab. Coupled with another ap­
plication, MISCELLANEOUS, in which you may calcu­
late hydraulic conductivities based on empirical formu­
las by Hazen, Kozeny, Terzaghi, Slichter, Zamarin, and 
the U.S. Bureau of Reclamation, you can produce hy­
draulic conductivities and transmissivities for layers in 
boreholes. 
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APPLICATION 
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You may produce grain size curves as a documentation 
'report, or you may keep them in the data base. 

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

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

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

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

• Recovery method. 

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

• Possibility to use test wells which were pumped at 
various rates during the test. 

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

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

• linear (time) -linear (drawdown) scale 

• logarithmic (time) -linear (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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GROUND WATER FOR WINDOWS OVERVIEW 

You 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 ·an points connected by lines, or selection 
of a "connection criterion" within which the measure­
ments would remain as scattered and not connected 
points. 

• Interpolation of water levels or depths to water at a 
selected interval. This permits the creation of water 
leve! contour maps for a certain date although there 
may not be measurements on that day. 

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

• Sw = aQ + bd (classical Jacob theory) 

• Sw = aQ + bQn (Rorabaugh theory) 

The calculation is demonstrated with a display and a ta­
ble containing aquifer loss, well loss, and effidency for 

. each pumping step. The average effidency for all pump­
ing steps is written into the data base for an eventual 
comparison and areal analysis. 

MISCELLANEOUS In this application you have 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 well, time of pumping, hydro­
geological characteristics of the aquifer, namely 
transmissivity and storage coefficients, charac­
teristics of the serniconfining !ayer if the aquifer 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 all but one of 
these parameters known, the program calcula tes the 
remaining unknown parameter. The program also 
suggests a casing diameter for a corresponding 
pumping rate if a vertical turbine pump is to be used. · 

You may decide to keep in the data base sorne informa­
tion which has not been foreseenby GWW. A good exam­
ple is inventory of production wells in an irrigation area; 
or data on rainfall and evaporaton. Theoretically you 
may store just about anything. Yo u assign a name to your 
"additional" application, prepare entry and reporting 
forrns as for any other application and use most of op­
tions available for other applications. 

The GWW software is independent of printers, plotters, 
rnice 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 create every reporting form without a sin­
gle English word. 
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You may create displays and printouts with 16 rnillion 
colors, if you need to and have a printer capable of print­
ingthem. 

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

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. 

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

Maps, cross sections, pumping tests, step-drawdown 
tests, and grain size distribution curves remain in the 
data base as an integral part of the information system. 
You do not need to recalcula te or reconstruct them if you 
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 Department for Economic and Social De­
velopment; Science, Technology, Energy, Environment 
and Natural 'Resources Division; Water Resources 
Branch, New York. The programming is an outcome of a 
special service agreement with the programmers of the 
United Nations Ground Water Software series (UN/GW 
in the text to follow), now known as the DOS Version of 
the United Nations Ground Water Software. 

The authors of the GWW package are Dusan Braticevic 
(Ph.D. in Mathematics and Computer Sciences) and ]as­
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 practicing hydrogeologists. He also created the help 
system and this manual. 

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

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

- work to them. 

1.2. · DISCLAIMER The former United Nations Department for Economic and 

1-2 

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

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

Since the GWW package is programmed to run under 
Microsoft Wmdows, which provides most of the basic 
tools used by GWW, sometimes it may be difficult for a 
novice to differentiate between error messages created 
by either Wmdows or GWW. Also it would not be sur­
prising to encounter sorne problerns using GWW, ver­
sien 1.1, in situations that have not been foreseen by the 
authors. Furthermore to test the whole system exten­
sively and eventually discover and remove all remaining 
inconcistencies and/or bugs would take months of 
work. Rather than that, the authors and the U.N. have 
dedded 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 typograplúcal or 
symbols, that have spedal meaning in tlús.manual. The 
names of menus, and menu and dialogue box options · 
when they refer to actions wlúch you should follow ap­
pear in boldface type (e.g. Map menu, Save As •. menu 
option). 

The hand pointer emphasizes important points. Sorne 
paragraphs will be printed as italics. These are normally 
Notes or Comments with sorne general lúnts or sugges­

. tions. N ames of sorne data fields will also be printed us­
ing italic font style. 

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

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

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

There are many exa:m,ples in tlús manual. The beginning 
of each example is marked with the symbol on the left. 
Each page ~ith an example being worked out is marked 
with the symbol: ~ 

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

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

1.4. CONTENT OF 

1-4 

THEGWW 
PACKAGE 

The GWW package with all its executable files, example 
ASCII files, and the help files occupies about 11 mega­
bytes (MB) of disk space. Atable listing all files that com­
prise the system is presented in Appendix A. 

Filename extensions have spedal meanings in this pack­
age: 

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

hlp help for ea eh major program subdivision; 

unt file with default units; 

dlt screen and lithologic symbols ASCII files. 

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

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

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

• 
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You rnay add to this file additional chernical 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. You may 
modify this file and design symbols other than the de­
fault. It is fully reproduced in Appendix E. 

ANNULUS.DLT An ASCII file which contains cedes, description and 
symbols for several typical cases of materials filling an 
annular space (a space between the drilled hole and cas- · 
ing). It is fully reproduced in Appendix E. 

LITH.DLT An ASCII file which contains cedes, descriptions and 
symbols for many lithological units. You may add new 
symbols 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 rnissing or cor­
rupted, the package will work without the chernical ap­
plication. 

GWW.UNT file is the default units file. The file lists the 
unit type (e.g., transmissivity), the unit name (e.g., 
m2 1 da y), and the unit conversion factor (e.g., 1m= 100 
cm). It is fully reproduced in Appendix D. 

Ground Water for Windows requires an 80386, 80486, or 
80586 (Pentium) personal computer. The .software is 
written for the top-of-line present-day computers. It will 
run on any computer system which supports Windows, 
including an 80386 SX with mathematical co-processor, 
but its efficiency, speed, and overall usability will be 
greatly improved on fast computers, equipped with 
plenty of Random Access Memory (RAM), and with a 
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large hard disk. Your computer system must also contain 
the following or equivalent: 

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

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

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

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

• Amouse; 

• Aprinter. 

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

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

• 300MB hard disk; 

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

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

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

• amouse; 

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

Of course, a Pentium machine running at lOO:MH.z and 
equipped with 32MB RAM, and a 20-inch monitor with 
an ultra fast video adapter would make the difference! 

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

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

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

• SETGWW=C:\GWW 

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

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

• FILES=70 

• bufferS=lO 

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

You may always merge information using Write to 
Standard 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. Each data base is composed of wells, well 
points, water points, springs, and the like. Each well or 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, 
spring, etc.) comprises various data and information 
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each of whlch is uniquely identified. Each data entry 
form must start with the Well Identification field. Thls 
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 number to a well 
'55', and then type the information for well 55 in a hy­
drograph entry form, that information can automatically 
be assodated with all entries made for well number 55. 

"The data base is object-oriented. By definition, an object 
is something you place on an entry or reporting form. 
Objects can be fields or tables containing values, graph­
ics, text, or shapes that affect the appearance of the form 
(Object VIS ion 2, reference Guide, Borland Intemational, Inc. 
1991). For example, the calcium content of a water sam­
ple is an object. This information is typed in its own data 
field, whlch is characterized by !abe! font and font style 
(e.g., rrmes font, 12 points, bold), by data font (the way 
in which numerical values for caldum will be displayed 
and/ or printed), background color for the field, !abe! 
and/ or data alignment (vertically and horizontal! y), etc; 

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

You may create various thematic maps whlch, when 
saved, become an integral part of the data base. Ideally 
you may create a base map for your project, country or 
the whole region. You may fill thls base map with infor­
mation such as location of all drilled wells - one map 
with the location of all wells for whlch the driller's log 
and lithological characterization are available - another 
map with the location of al! wells with water samples -
still another map, and so on. You may crea te many such 
maps and retrieve them when you wish to see ata glance 
the amount of particular information available in your 
data base. 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 may be retrieved in almost an instant, without re­
calculation. 

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

• creating a regularly spaced grid from irregularly 
spaced data; 

• selecting any portion of the map to do 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
iliary contour lines, colors, color intervals, line thick­
nesses and patterns, fonts for labels, and many more; 

• adding text, lines and areas to maps; and 

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

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

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

Graphics programs require a lot of memory. If you have 
a slow machine with little available RAM, or if you are 
using an earlier version of Windows, GWW can be very 
slow or yoú may run into other problems. For example, 
GWW might become incapable of certain operations, 
such as printing. It is recommended to use GWW alone; 
all other applications should be closed before running 
GWW. 
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NOTE. Remember that a fully develvped GWIS, with about 
1000 wells, 20 maps and 1 O 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 installation. 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 Windows is -the following: 

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

2. Insert the source disk in the drive you want to copy 
from. · 

3. From the Disk menu, choose Copy Disk. 

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

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

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

If you have only one floppy disk drive, follow the in­
structions to switch source and destination disks as 
needed. 
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Source In: Js: ii!f.l 
Destination In: l~lifJ 

Figure 1-1 

INTRODUCfiON 

lli!il;I;;'Q~~~T;l;l 

11[\l~~~:lliii 

¡¡:¡¡n;fi!i!~1t:;lGl~l 

The installation is from one of disk drives using the DOS 
prompt. Before you start the installation read the file 
Readme.lst. This file will contain additional information 
after this manual was written. The installation·procedure 
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 typelnstallA or In­
stallB, depending on which disk drive you are using 
for the installation, and follow the prompts. 

Disk One contains an installation batch file, IN­
STALLA.BAT or INSTALLB.BAT. All files come in com­
pressed form, or archived. The installation routine will 
decompress the files. Disk one contains also a decom-
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pressing file, ARJ.EXE. Its use is prohibited for commer­
dal purposes. This file will be copied to the directory 
C:\GWW, which wil be created by the 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 command INSTALLA or IN­
STALLB. All files on all four diskettes will be decom­
pressed and copied to the directory C: \GWW. The order 
of disk decompressing and installation is not 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! · 

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

. · .dxf files, etc. 

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

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

3. If you do not have a separate GWW group on your 
Windows menu, and you want to have it, you may 
create 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 día- logue box 
will appear. 

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

3.4. Choose OK. 

4. You should create the program ítem which will repre­
sent the GWW application. You may 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 'Ground Water for Wmdows.') 

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

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

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

4.5. In the Command Line box, type the name of the pro­
gram file. In our case this will be: 
C: \GWW\GWW.EXE. Here you may add the name 
of the data base in continuation, for instance, 
C: \GWW\GWW.EXE EGYPT.GWW. In this case, the 
data base EGYPT.GWW will open automatically 
when you click on the GWW Main icon. For begin­
ners, we do not recommend this procedure. If you 
type C:\GWW\GWW.EXE but without any data 
base name, you will be given an opportunity 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 
directory where the program files (data base file) for 
the GWW application are located and where new 
files will be placed. The directory you specify here · 
will become the current directory while the applica­
tion is running. In Figure 1-2, you will notice that a 
directory EGYPT has been created to accept all files 
that may be created when running the GWW soft­
ware. 

.c..~ IGWW 
§~~=====( 

Q>mm..m o:.mt·. 1 C:\GWN\GWW.EXE 

~o.ohioo;~. ~~C:;:=:.\E::GYPT======~ 
~;st:~ jNone 

~--------------~ !il O Bun Minimizad 

Figure 1-2 

1 ::'1:; .. :::".'' : oíci:::.; ····:11! 

1 .. {¡:,;;¡i;;i¡ :;,;;¡ 

l'~.::i ti 
\r~íc<ii\:¡Fq 
1:> ;;'t¡;;¡¡;; i:('.(j 

The working directory should have airead y been created in step 
1. . 

4.7. Choose OK. The dialogue box will close, and the 
new program ítem will appear in the group. 

5. !con that represents the Ground Water for Windows 
application, or GWW program-item icon is as shown 
in Figure 1-3. 
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Ground Water 
for 'w'indows 

Figure 1-3 
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There is an extensive on-line help in GWW. Every major 
module has its own on-line help system. Thus, in a sense, 
the help is context-sensitive. To find information in Help, 
choose Contents from the Help menu. To search for spe­
cific information, choose the Search button in the Help 
window. The Help part of the software has been written 
using .RTF (rich text format) files, together with the Wm­
dows Help Compiler, which turns the .RTF files into a 
hypertext Help file, complete with contents page, hy­
pertext links, and pop-up definitions. 

You can add you own comments and notes to a Help 
topic and view this information la ter. However, the gen­
eral operation of the Wmdows user interface is described 
in your Windows documentation and will not be re­
peated either in this manual or in the on-line Help. Your 
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 of a Window 

Thls section describes the elements of a window. Each 
window contains the following elements (as shown in 
Figure 1-4): 

~ . • . GVIW (c:\gwd\testl.gww] · ;~~!i~ f .+t Ut\ 
!data l!pplications !ools ,!;ustomization !:!elp 

Figure 1-4 

• Wmdow 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 comer of the 
window, lets you move and size the window, close 
the window, or switch to another application. 

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

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

Maximize and minimize are sizing buttons. They are lo­
cated in the upper right comer of the window and are 
used to maxirnize or minirnize the window. The Maxi­
mize button enlarges the window to fill the entire screen, 
and the Minimize button reduces the window toan icon. 
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lf the window is maxirnized, the Restare 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 the window. Agood practice is to maxi­
mize the initial window displaying the main menu 
(Data, Applications, Tools, ... , Help ). In sorne GWW 
graphics applications, you will be able to fit to window, 
that is to fill the whole window with the graphics. In 
other applications, you will be able to use the command 
Display Full Form, which is opposite to the command 
Normal Display. Display full form command works as 
View page command in most other graphics programs 
(CorelDraw, Designer, etc.). 

2. Working with Icons 

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

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

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

(a) Start Windows (Win portian). 

(b) Actívate the GWW program (C:\GWW\GWW.EXE 
portian). 

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

As a shortcut, you may crea te a batch file, say GWW.bat, 
with the above lineas the only line in it. By simply typing 
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 w hich 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 Wmdows, 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). Adclitionally, the Random menu is also open: 

~Id Random Model 
.Save Random Model 
Save Random Model As 

Add Polnts to Map 
Add Labels to Map 
Add Values to Map 
Add to Legend 

Figure 1-5 

To open a menu, follow these steps: 

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

(b) If 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 underlined char­
acter on the menu. 

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

In sorne windows in GWW, such as creating and editing 
an entry data form, or a reporting form, you may want 
to modify sorne of the attributes of a data field. For in­
stance, you want to change the label or data font. If you 
click inside a larger frame which contains severa! fields, 
the whole frame will be selected. This is not what you 
want. You need to click outside the frame, and then. 
move the mouse pointer inside the data field you wish 
to modify. Click again and this field will become the ob­
ject you work with. 

4. Working with Dialogue Boxes. 

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

---·--- '~ ~-~·-----~- ~~---

M<lin Con tour~ Allrihute'G 

Pen Attributes 

Thickness 

Une Pattem 

fsolid Une ijl 
IIIT!~~;f¡;itfj 

1
-''N'·>""H.>«•»»J 
. ·):·H.::q~:.:w~:~1 

Une Attributes 

Label 
'--------¡:::=~ 

Distance #1 [mm]f40 

Distance # 2 [mm[ ~~1==2o==i 

IJHl!MiiiFtlifl:t;;'i;t;Ii 

IIHS-t;q . 
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 right and bottom edges, as 
shown in Figure 1-7. Within the scroll bars, a scroll box 
moves to reflect your relative position within the docu-

Master Data 

Figure 1-7 

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

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

·,· ., 



1.13. Warnings 

1-22 

CHAPTERl INTRODUCfiON 

lt is relatively easy to open the same data base more than 
once. If you reduce an application to an icon (by select­
ing the rninirnize 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 
as an active applica­
tion. However, if 
you decide to start 
the same data base 
which has not been 
closed, the GWW 
will display the er-

- ERROm 

Can'l open "c."\bahrain\bahrain.gww" 
Ale corrupted or stillln use. 

ror message as Figurel-8 
shown in Figure 1.8. 
This will be a warning that you have not closed the pre­
vious data base. 

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

You have two ways to display Task List. The first way is 
to use the rnouse and double-click on the desktop (that 
is, not inside an open window). The second way is to use 
keyboard and press C1RL+ESC key cornbination. 

Once in Task List, double-click the narne of the applica­
tion you want to switch to. The case with Chernistry ap- · 
plication running in background is shown in Figure 1.9. 
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Task List 

\batuain\baluain.gww) 
IPuon•R,m Manageo 
lveñtuo'~'Publimer- C:\GW\\1\BOOK\CHl 

Prompt 

Figure 1-9 

Try also not to dose a GWW application by dicking on 
the Control menu box (a small diskette symbol in the up­
per left comer of each window). Although it is intended 
to be used for switching to other applications, try to use 
the GWW way of dosing an application, that is, use the 
Exit command which is normally located at the bottorr;t 
of the leftmost menu option. 

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

Generel Dota !!nits 

Generel Data Std. ASCII Input 
Generel Data Std. ASCII Qutput 

Print Setup 

Figure 1-10 
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2.1. BASIC 
CONCEPTSOF 

GWWDATAAND 
FORMS STRUCTURE 

2.1.1. Objects In 
GWW 

2.1.2. Foreign 
Languages 

2-1 

The GWW data base is built of objects. For the definition 
of an object see Chapter 1, Section 1.7. 

In GWW, each data field is an object. Thanks to this, you 
can create your own entry and reporting forms, you can 
assign to the content of each field the !abe!, !abe! font, 
label color, field border, and field background color. You 
may fill the field with data and assign to the data the 
same kind of attributes su eh as font, color, and text align­
ment, both horizontal and vertical. 

Each line. area. litbologic cross section. and rnap js an 
object. Lines, areas, grids, gridded models, well logs, 
chemical data, water leve! data, rneasurernents during a 
pumping tests, and many more can be saved in an ASCII 
data file, with al!, sorne or no attributes. 

Yo u may use different languages in designing your entry 
and· reporting forros. Most of the program-built mes­
sages on the screen will be in English, but you will work 
more comfortably usi.ng your own language in entry 
forms and creating reports in your language. For all pre­
designed forms, such as chemical retrieval diagrams 
(STIFF, Piper, etc.) or welllogs, you ha ve an opportunity 
to replace the defaults with your own text. In the pre-re­
lease beta tests, data bases have been created with fonts 
in Arabic, Hindi, Nepalese, and Cyrillic, in addition to 
English and Spanish. 
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GWW uses forms to gather (input or entry forms), dis­
play, calculate, 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-programmed by the GWW pro­
grammer, or a form created by you. In Chapter Three 
yo u willlearn how to crea te su eh 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. Some reporting forms can apply to a single analy­
sis, such as to one STIFF diagram (in the Chernistry ap­
plication) with associated parameters defining one 
single sample. They may also report information from 
more than one sample, such as Piper Diagram, Wilcox, 
and Schoeller diagrams in the Chemistry application. 

GWW supplies an entry form in each application only 
when you make a change in the data structure. That is if 
you add a new data field or edit an existing one and use 
the button OK to save th~ change, GWW will interpret 
this as a change which requires a new entry form. The 
program-supplied entry form willlist all data fields that 
currently make the.data structure for an application. 

Standard Forms are the forms selected by you to be 
standard for a particular data base. The program comes 
with standard (default) forms for each category of entry 
and reporting. You may override the defaults and create 
your.ownstandard forms, assodated with the data base 
of which they become a part. After creating a form, you 
should save it using internal data base name 'Standard'. 
You may also save the form as an ASCII file on the disk 
and edit it later 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 
sorne 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 ea eh 
major application group. 

Re.porting Forros Reporting Forros 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 different names for different reporting needs. 
Nonstandard forros are used to report rnixed graphics, 
say a well log and a chemical diagram on the same re­
porting form. Nonstandard forros are created using a 
special option on the Reporting Forms Editor. 

Relational Data 
Base 

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

2.1.5. Data Base Data Base is a general term which applies to the collec­
tion of program forros, both entry and reporting, includ­
ing default and user-created; data; maps; and drawings. 
The name of the data base currently in use is displayed 
in the title line. The maps either imported as .dxf files or 
created by you are also an integral part of the data base 
(unless you forget to save them!). Interna! files, which 
control the data file structure, forros, tables, etc., are also 
a part of the data base. ASCII files are not a part of the 
data base. 

2.1.6. File 

2-3 

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

2.1.9. Text Field 
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edit, save, or delete most of them. For example, you may 
crea te and edit various text that will enhance a map. Yo u 
may save this text object as an interna! file, assigning to 
this a name. However, unless you save this text as an 
ASCII output file you may not view or edit the text out­
side the GWW program. Yo u may 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 rnay 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 forrns in the 
GWWsystem: 

• text 

• data 

• drawing 

• column (for reporting on more than one well) 

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



2.1.10. Text Field 
Attributes 

2.1.11. Data Field 

2.1.12. Data Field 
Attributes 
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Text Field attributes are: 

• Field N ame 

• Border 

• Background 

• Field Label (text typed in the field) 

• LabelFont 

• Label Color 

• Label Alignrnent 

Data Field contains nurnerical or textual ( character) data. 
An entry in a data field rnust conforrn to one of these 
data types: 

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

• character (alphanurneric string); 

• integer; 

• floating point nurnber, dirnensioned; 

• floating point nurnber, nondirnensioned; 

• date; and 

• time. 

When a data field is identified as containing information · 
which is a real nurnber, and the type of data is selected 
as 'dimensioned,' the user will be prornpted to assodate 
one of the available units with this data field. 

Data Field has all the properties (attributes) of a text field 
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 Alignment (vertical and horizontal) 

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

Column Field is a column. Severa! columns make atable. 
Only report forms may contain a column 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 forms. For example, if in the 
chemistry entry form the field that will input the alkalin­
ity values of a water sample is typed as Alkalinity, the 
Field N ame in the reporting form must be typed exactly 
the same (case-sensitive, number of characters or blank 
spaces, etc.). Nothing will happen if you 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 fields with. 

NOTE. Do not forget the special role of data fteld narnes: these 
rnust be uniquely deftned, case-sensitive typed as declared in 
entry/reporting forms. This is the only way that the prograrn 
will know what to type and where. Form Editor will automat­
ically write these names. You should not try to rnodify them. 

Sorne fteld narnes are protected! The protection implies that 
you should not try to rnodify these fteld narnes. If you do, 
GWW will not be able to use them in sorne calculations, draw­
ings, or for creating graphics. The protected fteld narnes are: X, 



2.1.16. Border 

2.1.17. Background 

2.1.18. Field Label 

2.1.19. Label Font 
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Y, Z, ZM in master data structure, all majar catians and ani­
ans in chemical data structure, the entries Catians, Anians, 
SAR, EPM in chemical data structure, most af pumping test 
jield names in pumping test data structure, SWL in well lag 
data structure, all step-drawdown field names in step-draw­
down data structure, and all jield names in hydragraphs data 
structure. Yau may add new jields with their awn field names, 
but do nat attempt ta change the existing jield names if yau 
suspect that GWW may need them far a calculatian ar graphi­
cal display. 

Border includes the solid frame around a field and the 
shadowing of the field, both defined by yo u. Borders can 
be thin or thick, as specified by you; they may include 
full frame or just one of the four lines (left, right, top, 
bottom). Shadowing can be thinner (numbers 1 or 2) or 
thicker (numbers 3 and 4). You may type a text or an in­
formation without any line defining its frame. Set Frame 
in Border attribute to None. 

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

Field label refers to the 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 Name, say 
Conductivity, which should not be changed if you wish 
GWW to use it to produce a Wllcox diagram, e.g., the 
field label may be typed in Spanish as Conductividad. 
Unless you change it, the field label will be identical to 
the Field N ame selected in creating a form. 

You select a Label font. Whatever comes with Wmdows 
.can be used. The selection is standard as explained in the 
Wmdows manual; you select the font, the size (points), 
and style such as bold, normal or italic. You may down­
load additional 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 Russian, Bul­
garian, or Serbian. You may use an Arabic font to crea te 
data bases in Arabic (hopefully, by correctly assurning 



2.1.20. Label Color 
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the direction of writing words). Today you ha ve a myr­
iad of font offerings. 

You may also select Label color. Each and every label can 
be colored differently. You may select the color by sliding 
the three slides (R for red, G for green, B for blue) in the 
appropriate dialog box, or by directly selecting a color 
from the palette. 

Label Alignment is used to align the label either as left or 
right aligned or centered. The label can be placed on top, 
center or bottom of the field. This is called horizontal or 
vertical alignment, respectively. You may also use vari­
ous offset options. 

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

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

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

(e) data type; 

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

(e) unit selection for the data. 



lField Name Field Length 
Wel!Ident 10 
Description 50 
District 15 
Locality 15 
Owner 15 
X 10 
y 10 
z 10 
Zm 10 
Map Sheet No. 10 
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The default data structures are built into the data base 
templa te, GWW.OOO. When you start a new data base this 
file will provide all necessary structures, same as stand­
ard data entry and reporting forms. You will have a 
chance to modify these to better suit your requirements. 
You willlearn to do it in Example l. 

NOTE. Your first step in creating a new data base wi/1 be to 
nwdif!l the default data structure for one or more applications. 
For example, GWW does not know 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 noten ter ele­
vation data on positions of stratigraphic units you cannot ere­
ate con tour maps for such data, nor you can draw stratigraphic 
lines of Iithostratigraphic cross sections. 

One example is provided in the following table for the 
Master Data Strueture file. All file structures are repro­
duced in Appendix A. 

Field Type Format No.dec.digits Unit symbol 
Well 
Char 
Char 
Char 
Char 
Nurn(Dim) 
Nurn(Dim) 
Nurn(Dim) 
Nurn(Dim) 
Char 

Fixed 
Fixed 
Fixed 
Fixed 

2 
2 
2 
2 

m· 

m 
m 
m 

In simple terms, 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 these lists independently for each of the following 
applications: · 

• Master data 

• Chemistry - samples 

• Chemistry: concentration-depth series 

• Chemistry: concentration-time series 

o 



o 

2.2.2. Data Base 
Content 

2-10 

CHAPrER2 DATABASESTRUCTURE 

• Pumping tests 

• Hydrographs 

• Lithology /welllogs 

• Step drawdown tests 

• Grain size distribution curves, and 

• User-defined applications. 

Norrnally; you should observe the following: 

(1) Each application structure must start with the well 
identification. This item uniquely defines a well ora 
sample. The inforrnation 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 
contained elsewhere 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 form for welllogs, but when 
you type the well identification of a well which was 
already input using one of the Master entry forms, 
this information will be automatically copied from 
the data base into your welllog entry form. However, 
be careful: the information will be copied only if the 
field name on both forms is absolutely identical. in­
cluding its case. For instance, this means that you 
cannot expect the program to find the inforrnation 
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 with sorne 
examples. 

The data base structure you select for your new data base 
becomes its integral part. All changes, editions, modifi­
cations, and assigning new interna! file names to various 
data structure files will apply only to your currently 
open data base. In other words, all the changes that you 



2.3. EXAMPLE OF 
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2.3.1. Gettüng 
Started 
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make while working in a data base will be saved only in 
that data base, not in the templa te GWW.OOO. 

NOTE. You may, of course, make your changes in a data base 
to which you assign another name, and then copy your data 
base into GWW.OOO. In this way, next time you wish to create 
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 creating 
a template GWW.OOO as a country or project specific default. 
You may also add sorne basic maps to your base template. 

Also you may save your data base structure for each 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. 

If youhave created the GWW group and GWW program 
item properties, as suggested in Chapter 1, Section 1.10., 
you may start the GWW program by double clicking on 
the GWW icori. 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 you start GWW for 
the first time you will notice the title GWW[;] in the title 
bar. This reminds you that you have not yet opened a 
data base. (In a repeated work, the last opened data base 
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Figure 2-1 

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

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

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

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

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

, ' , , ,-,, ,Ope,n'GW\~ Data Base 

Data Base Name 

Rlename: 

Directory: C:\GWD 

AJes: 

test.gww 
test1.gww 

Directories: 

1··1 
1-a-1 
1-b-J 
(-c-1 
l-d-1 
1+1 

Figure2-3 

NOTE. Be careful when prompted for a data base name. If you 
select option New GWW Data Base and give a name of an 
existing data base, al/ file strncture, input and output forms, 
data base content, and al/ objects that make this data base will 
be erased. You wil/ start from a brand new data base using the 
default template GWW.OOO. However, the program wil/ warn 
you and stop you from accidental/y erasing an existing data 
base. 

At this moment the GWW program will read in the tem­
plate data base structure, GWW.OOO, and use itas the 
starting point for your new data base. You willlearn to 
modify sorne of default data structures in the section 
which follows. 

·, 



2.3.3. Editing an 
Existing Data 
File Structure 
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NOTE. Remember again thilt you may customize the template 
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 major applications, the GWW package 
already contains a preprogramrned 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 from the menu bar. The menu as shown 
in Figure 2-4 opens. 

Data f.ntry Fonns Editor ~ 

Beport Forms Editor ~ 

llnits 

Figure2-4 

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

3. Click on File. The menu opens as shown in Figure 2-5. 
You will notice the following options: Old, New U ser 
File, Old U ser File, Exit, Crea te Structure From STD 
ASCII, and Write Structure to STD ASCII. STD is 
short for Standard. Forget for the time "U ser Files." · 
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Crcote Structurc From STD ASCII 
Write Structurc t1J STD ASCII 

Figure2-5 

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

ChemConcDepth 
ChemConcTlme 
Chem_Conc_Depth_Tab 
Chem Conc nme Tab 
ChemiStry - -
ChcmlstryPPt.1 
GralnSizeCurve 
HGWL 
Hydrographs 
Uthology 
t.4astcr0ata 

Figure 2-6 

;. 

J lríii!~!rl 
¡; ~~~111 
ti 
Ji 
·:;:¿· 

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

6. If you have selected the 'Master Data' file (data struc­
ture for master data application), the screen will dis­
play the dialogue box as shown in 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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-~ 

File S1ructure , -, 

Data ttems 
t ¡_]___]!j 

DescrJ.ption 50 Cha.r 
D1str1ct 20 Char 
l.cealJ.ty 20 Char 
Ovner 20 Char 
X 10 Nu.(Dis) Fixed 2 a 
Y 10 Nua(Dl.ll) Fized 2 ID 
Z 10 Nua{DJ.») Fixed 2 a 
ZM 10 Hu...(DJ.Jl) Fixed 2 a 
Hap Sheet Nc. 1 O Char 
Year of ConstructionlO Char 

Figure2-7 

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

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

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

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

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

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

(4) Rename Well Identwith Well Number. 
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(5) Rename Conductivity with its Spanish equivalent, 
Conductividad. (This is to demonstrate language­
versatility of the software. However, notice that the 
word Conductivity is used by GWW to create the 
WJ.l.cox diagram. When you change it, the diagram 
will not be created.) 

You should follow the procedure as explained below. 

l. Select Tools from the menu bar. 

2. Select Data Structure Design. 

3. Click on File. 

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

5. Click on Chemistry. It will be highlighted, and the 
name Chemistry typed on the command line, as 
shown in Figure 2-8. Press Enter, or click on the com-

Enter File Name 

lchemistry 

GrainSizeCurve 
HGWL 
Hydrographs 
Uthology 

Figure 2-8 

Ut1rt~w,~~~ 

l!t\Q~~i'il 

¡:;~~F:I 

mand line, or click on OK. One portion of the chem­
istry data structure file will be displayed as shown in 
Figure 2-9. 
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' -- '-' - :'- " File Structure:- _- - , , 
' ' ' ' . . 

Data ltems 
1Jell Ident 10 1Jell 
Ca 10 ilwn(Und) Fixed 2 
Mg 10 Nwn(Und) Fixed 2 
Na 10 Nwn(Und) Fixed 2 .:·.:¡; 

K 10 Nwn(Und) Fixed 2 :·:;~; .. 
Fe 10 Nwn(Und) Fixed 2 ·~~:::;· 

Mn 10 Nwn(Und) Fixed 2 !::~:;~· HC03 10 Nwn(Und) Fixed 2 
C03 10 Nwn(Und) Fixed 2 

.... , .. 
S04 10 Nwn(Und) Fixed 2 ~;-~¡~~ 

Cl 10 Num(Und) Fixed 2 ~:~:;: 
N03 10 Nwn(Und) Fixed 2 -~;.,;,:. 

N02 10 Nwn(Und) Fixed 2 ·:·;:: 

P04 10 Nwn(Und) Fixed 2 
,_,,,., 

F 10 Num Und Fixed 2 ;:¡; 

Rgure2-9 

6. Find fluorine and click the mouse on 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 tenninate the input by either 
pressing OK or using the Tab key. Whatever you typed will not 
be saved if you termínate the input by pointing the mouse to 
and clicking in another field. This applies equally to data in­
put, data editing, creating data fonns, and creating data struc- ' 
tu re files. It is one of the major conventions of data input using 
Windows. · 

Anticipate the minimum toluene content of 0.001 ppm 
and maximum of 99. Replace the default field length of 
10 with 6. Click on Numeric. Do not use Numeric(Dim) 
since the chemical data default is equivalents per mil­
lions (epm), or parts per million (ppm), depending on 
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which option you have selected when starting the input. 
You may always switch between epm and ppm. 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. 

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 O. Click on Edit button. Click on OK. Re­
place 2 with 1 in the number of decimal digits field. 
ClickonOK. 

10. Highlight Well Ident and click on Edit button. Re­
place the word Ident with the word Number. Press 
Enter 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 dif.ferent parts of the data base. 
Actually, thís entry is used to create a relational data base. You 
will notice that 'Well' is one of the data types, in addition to 
character, numeric (nondimensioned), numeric (dimen­
sioned), data, time, and comment (see Figure 2-7). If you 
change the well identification in the chemistry data structure 
file, you must do the same in all other data structure files. Be 
very careful and ensure that you have done this in an abso­
lu tely identical way. 

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

12. Click on OK. You will be back in the File menu. The 
changes are automatically recorded in your data 
base. 

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

Data ltems 

~~~e~l~l~Numbe~~r~------~~~g~ ~~iund) Fix-ed~2~----~~· 
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) 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) Fixed 2 
N02 10 Num(Und) F>xed 2 
P04 10 Num(Und) Fixed 2 
B 10 NumiUndÍ Fixed 2 

.. ; ... : 
:·'·:···. 

'

....... .. ...... ~ 1 , •. ·.:.·c·:;.······n··· ..... · ....... ·.·:.·:··.:,1. Xi:OK'Ffi . v m :! 

Figure2-10 

B Fixed 2 . 
Si02 Fixed 2 
TDS Fixed 2 
Hardness Num(Und) Fixed 2 
Alkalinity Num(Und) Fixed 2 
Conductividad Num.(Und) Fixed 2 
pH Num.(Und) Fixed 2 
Cations Num.(Und) Fixed 2 
Anions Num(Und) Fixed 2 
SAR Num.(Und) Fixed 4 
BalErr Num(Und) Fixed 2 
Toluene Num.(Und) Fixed 3 
Benzene Num.(Und) Fixed 3 

Figure 2-11 

still have the template, GWW.OOO, intact, in the case 
you want to go back and start from the default. 
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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 op­
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 number one. 

You may save a data structure file as an ASCIT file. This 
option will become available only after you select an ex­
isting data file structure. Suppose you wish to delete 
N02 from the list of items in the chemistry part of the · 
data base structure, and save the new data structure un­
der the name chem.str. The procedure to follow is: 

l. Select Tools from the main menu. 

2. Select File Structure Design. 

3. Select File. 

4. Select Old. 

5. Double click on Chemistry. 

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

7. SelectO K. 

8. Notice that the title bar displays File Structure Editor 
(Chemistry). Select File again. Select Write Structure 
to STD ASCII. 

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



2-22 

CHAPI'ER2 DATABASESTRUCTURE 

Ca 
llg 
Na 
!( 
Fe 
lln 
BC03 
C03 

Figure2-12 

Fllename: ._lch_e_m_.s_tr ___ __,¡· I'Eii~'J 
Dlrectory: C:'¡GWD l':~~~~~j'J 

AJes: Oirectories: 

( .. ( 
~a-( 
~b~ 
(-e-( 
(-d~ 
1-H 
IJ.fñ-1 

Figure2-13 

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

At thls moment you have created an ASCII file, whlch 
will be stored in your current or working directory, and 
you have also modified your data base internally. 
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You may also importan ASCII data structure file and re­
place your standard file with the new file. For example, 
if you wish to replace [in another data base] the standard 
chemistry data structure file (built into the template 
GWW.OOO) with the file you have just created, Chem.str, 
proceed as follows: 

l. Select Tools from the main menu. 

2. Select File Structure Design. 

3. Select File. 

4. Select Old. 

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

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

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

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

--·------------
Creat;. file !:itructuri From t.:=;cn 

Filename: Ll c_h•_m_c.str _____ __JI 1 r~r¡ 
Oirectory. C~GWD lt~(~ 

AJes: Oiredories: 

Figure 2-14 
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9. Check its content, ed.it it if you wish to, and exit by 
clicking on OK. To see sorne options in the ed.iting of 
data structure we will add Zinc content to the list. 

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

Field Name: !Zinc 
Field le'-n-Rih-: ,.,1-0--..,.----' 

Twe----------~ 

OWellldent 
O Charocter 

®!Numcric; 

O Numerlc (Dimj 

O Dote 

O Time 

Figure 2-15 

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

Field Name: Zinc 

Number of Declmai(Sign.] Diglts: [] 

Formal 

® Fixed Point 

O Exponen! 

O Floating Point 

Figure2-16 
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11. Noti~e different options for the data format: floating 
point, exponential, and fixed point. As an example, 
the number 25 will be typed as 25.00 if the fixed point 
format with two decimal digits is selected, or as 25 if 
the floating point format is selected. It will be typed 
as 2.5E+01 with the exponential forma t. 

12. Click on OK to terminate this operation, then again 
on OK to close the data structure 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 open a new data base the default data file 
structure as contained in the \GWW program directory 
under the templa te file GWW.OOO is used. Whether you 
modify a parameter or not, this data file structure be­
comes assodated with the data base name you gave to 
the base. When you open this data base next time, the 
program does not read the default structures from the 
\GWW directory but uses its interna! data file structure. 

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

You may modify the data file structure in an existing 
data base with or without data typed in. GWW will first 
copy your data into an iternal backup file, so that you 
will not loose data. However, it is advisable to first copy 
all information in ASCIT files using the option Standard 
ASCII Output that is available in every application. 
Once you have modified your data file structure, you 
may read these ASCIT files if you did loose acddentally 
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sorne 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 yo u 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 planning of your 
intended data input and the ways in which the data will 
be reported, displayed or presented, reduces greatly the 
risk of loosing data or wasting the time searching for in­
consistencies. 
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This chapter introduces the Form Too/. It is located on the 
main menu bar, Tools, as a submenu under two names: 
Data Entry Forms Editor and Report Form Editor. You will 
use one or the other depending on whether you wish to 
crea te and/ or edit data entry forms or data reporting 
forms. The emphasis of this chapter is on creating your 
ownforms. 

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

Data entry form editor is activated as follows: 

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

2. Select Data Entry Forms Editor. 

3. Select an application for which you wish to change or 
crea te an entry form. 

Data reporting form editor is activated as follows: 

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

2. Select Report Forms Editor. 

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

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

The single report form refers to an individual well or 
sample. Table report form refers to tabulated· data from 
more than one well or sample.However, in the pumping 
test application, there can be a table of pumping test 
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Figure3-1 

measurements (time, drawdown, purnping rates) for 
one single well, as well as a table with purnping test re­
sults (transmissivity, storage coefficients, 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 
forms. The predesigned forms are built into the data base 
template, GWW.OOO. These are interna! files, which you 
can retrive (using option Old in the sequence Tools/Data 
Entry Forms Editor/Form/Old) and modify. You may 
also copy them to standard ·ASCII files and save them on 
the disk. 

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

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

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

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

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

label: 
x.yjmmJ 

Figure3-2 

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

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

• Old 

• Save 

• Save As ••• 

• · OearForm 

• Standard ASOI Input 

• Standard ASCII Output 

• Print 

• Exit 

FORMS 

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

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

The content of "Single Fields," "Columns," and "Draw­
ings" listings depends on the type of form and applica­
tion for which the form is intended. The form is created 
by selecting one or more nontextual fields, columns, 
and/ or drawings. Textual fields are selected or created 
from the next entry on the menu bar, New Field. When 
the Form Editor is activated, a list with all possible fields 
from this and the Master Data application is automat­
ically created depending on the application and the type 
of forrn. 
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3.2. STANDARD Ea eh of the main modules has its own standard form pre-
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FORMS designed by the programmer. For the master data entry 
form, for instance, the data item name such as X and Y 
has been replaced in the entry form with the words East­
ing and Northing. The ground surface elevation data 
field, labeled as Z in the data structure file, is labeled as 
Ground Surf Elev in the entry form. You may modify 
this, and save the modified data entry formas standard, 
or under a different name. Again, you may use your own 
language, provided you have 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-

Figure3-3 

tion and lithology. 

One example of a "foreign" language data entry form for 
master data is shown in Figure 3-5. It is created using 
Serbian language and Latin font. On the left, the list of 
data items is written in English, but it could have been 
created in Serbian as well, using Data Structure Design 
option. Items could have also been written using offidal 
Serbian alphabet with.Cyrillic characters. 

,. 
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Figure3-4 

Type . ...... , 
li.Yitnml .. ~ 

FORMS 

Do not forget the difference between a Field N ame assigned by 
you in a Data Structure File using the data structure file editor 
(see Chapter Two, section 2.3.2.) and Field Label used in the 
Form Editor. The first cannot be changed. It uniquely defines 
an ítem ora piece of information. It is the basis of a data base. 
You use these field names to create your forms. Once selected 
to be placed on a form, each field li1bel can be replaced by an-

""""" r Baza podataka Drmno .. 
. ·· 

. ~ Elfo¡ lll6lara llo,u-. 1 ¡-· 
1 

IIAUDj .. ; 1-
1""'· ........... ¡vm.u~ 1 K.?:. ~ (ns) 1 

.. 

, ............. 1 1 """" Mcmt' t.dw 1 ' ,., ...... 
1 

' 

1 !lús 11 an _,¡, ol tbt li.\Ui bDe auted with Sttb!Ga wvrds. 1 . . 
.. 

.. 

' '. ->4-;~:*·~~.~~.;:;~;¡;:;:;:a,..~;;;,:. ·:,:::;k·:· ~ 

Figure3-5 
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other name, text, or font. Look at Figure 3-2. The data field 
with the name X in the data structure file (horizontal coordi­
nate) is labeled Easting on the entry fonn. However, this ítem 
will be cross referenced in each and every application by refer­
ring to its data structure file name, which is X. 

The types of reporting forms available depend on the ap­
plication, since each application generates different 
types of report. However, two types of reporting forrns 
are common to all applications: 

• Single record form 

• Tableform 

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

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

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

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

• all fields dedared in a particular application. 
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In addition, columns and drawings are also included. 
For example, in the Chernistry application, one analysis 
may report constituents and various parameters, plus a 
STIFF diagram; in the Hydrographs application, a well 
may report a table with measured data, plus a hy­
drograph in a "drawing" field. 

A group record form includes information from more 
than one well. A typical example is a PIPER diagram 
which presents atable (Column) with well/ sample iden­
tifications, plus a drawing containing a PIPER diagram 
with all selected samples. Prior to creating such a group 
report, you should selecta working group. This is a sub-. 
set of al! information in your data base on which you 
wish to work and present in a grciup report. Fields w hich 
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 measured data and a graphics 
field for a hydrograph. 

This is a report of a "table form," with general informa­
tion and data from the Master Data entry form. 
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Frame is a rectangular outside edge of a forro, which can 
be edited by Attributes frorn the Menu bar, using the op­
tion Setup Fraroe. This rectangle is displayed on the 
screen but it is not printed on the report forro. In Setup 
Frame option, which is located at the end of Attributes, 
the following fraroe pararoeters are offered: 

• Horizontal offset 

• Vertical offset 

• Width 

• Height 

If you intend to print your reports on a "11" by 17" oran 
A3 forrnat printer, you roay select the width and height 
pararoeters accordingly. You shouid select the fraroe ac­
cording to the printer you intend to use. You roa y orient 
your reportas portrait or landscape and select the frame 
width and height accordingly. 

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

• Activating the Forro Editor a default fraroe is used 
wlúch is different for entry and reporting forros. 

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

• When a new data field is generated, the Forro Editor 
will autornatically assign its size and will position it 
to the right of the last field provided it fits the fraroe. 
If not, it is placed into the next line. In this way the 
horizontal size of the fraroe is used as a default for 
locating fields. 



Rulers 

Ideotification Wiodow 
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Display Full Forro or 
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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 
theform. 

• When a drawing field is defined, it is located to oc­
cupy the whole width of the frame immediately un­
demeath 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; its height is such that it 
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 millimeters by 
the default. 

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

At any moment when you are in the Form Editor you 
may select to display the full form or yo u may work with · 
the normal display. This will depend on what size of the 
screen yo u ha ve. On a 20-inch monitor yo u may work all 
the time with full display, but on a 14-inch monitor the 
normal display is your only chance! In the Display Full 
Form mode sorne fonts may not appear right. Do not be 
alarmed. This is only in viewing the form, not in printing 
a report. (At sorne time, the Form Editor is not truly 
WYSIWYG.) 
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New Field on the Menu bar offers three options: 

• AddHeader 

• Add Text Field 

• Add Drawing Field 

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

A text field may have the following attributes: 

• FieldName 

• Border 

• Background 

• Field Label 

• LabelFont 

• Label Color 

• Label Alignment 

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

Field N ame is a text string which uniquely identifies an 
entry fiel d. It is important in creating a reporting form to 
use the same text string for a reporting field. For exam-
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ple, if in the chemistry entry form the field thatwill 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, exactnumber of charac­
ters or blank spaces). 

NOTE. Remember again, that in the Form Editor mode you 
must not modify field names. If you do it, you should also mod­
ify data 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 specified by you; they may include full frame or 
just one of the four lines (left, right, top, bottom), or none. 
Shadowing can be thin (number 1 or 2) or thick (numbers 
3 and4). 

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

Field Label refers to the text typed to identify a field. 
Heré is the possibility to use languages other than Eng­
lish. Although a field may be identified with Field 
N ame, say conductivity, the field label may be typed in 
Spanish as Conductividad. Unless you change it, the 
field label will be identical to the Field N ame selected in 
creating a forro. 

Label Font is user selectable. Whatever comes with Win­
dows can be used. The selection is standard as explained 
in the Windows manual, that isyou may select the font, 
the size (points), and style such as bold, normal, or italic. 
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You may use various fonts such as Cyrillic, Arabic, 
Greek, Hindi, etc. 

Label Color is also user selectable. Each and every label 
can be colored differently. You may select the color by 
sliding the three slides (R,G,B) or by directly selecting a 
color field from the palette. 

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

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

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

l. Select New from the Form rrienu. 

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

3. Start with Well Ident. Notice where the field will be 
displayed. 

4. To modify its attributes select Attributes. 

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

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

7. Continue with another data field. 

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

9. Select New Field. 

10. Select Add header. 

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

12. Change the label font by selecting Attributes and La­
be! font. 

13. Move the header toa suitable location by dragging it 
with the mouse. 

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

15. Type the name you wish this new entry form to be 
saved under. 

3.6. SELECTING To select an old form: 
ANDEDmNGAN 

OLDFORM 
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l. Select Form. 

2. Select Old. 

3. From the dialogue box labeled as Load Form select 
ene of the existing forms. Normally·only the stand­
ard form will be offered when yo u start the program. 
You may create many more forms and select ene of 
your own forms. Double click on Standard or click 
once on Standard and click on ENTER The standard 
entry form will be displayed. 
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an ASCII File 

3.7.2. Writing toan 
ASCII File 
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4. Click with ihe mouse outside the form. Then click on 
a field you wish to modify. You will notice that the 
solid line around the field becomes dotted. Now you 
can select Attributes and any of the 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 to a new 
location, or size it. You may enhance the whole field 
by selecting background and selecting a color from a 
color palette. 

5. When you are finished, select Form again. 

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

You may read an entry form file created and saved asan 
ASCII file. For example, if you have created an ASCII 
entry form file and have given it the name MAS­
TERl.FRM, yo u may retrieve itas follows: 

l. Select Tools from the main menu bar. 

2. Select Data Entry Form Editor. 

3. Select Master Data application. 

4. Select Form from the menu bar. 

5. Select Standard ASCII Input. 

6. Select the filename MASTERl.FRM from the list of 
filenames in the dialogue l:iox. 

You may crea te your own entry form and save it as an 
ASCII file. The following procedure crea tesan ASCII en­
try form file with the filename MASTERl.FRM. 

l. Select Tools from the main menu bar. 
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2. Select Data Entry Form Editor. 

3. Select Master Data application . 

4. Select Form from the menu bar. 

5. Select New. 

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

7. Select Standard ASCII Output. 

8.Type MASTERFRM as a new filename in the dialogue 
box. 

3.8. PRINTING AN Yo u may print the entry form which is currently selected. 
ENTRYFORM 
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l. Select Form from the menu bar. 

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

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

NOTE. You cannot select a printer or print orientation from 
this utility. You must first check which printer has been 
selected in either one of applications or in the Windows 
Control Panel. 
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The task will be to create a new master data entry form. 
Since there will be a lot of activities in creating the form, 
individual tasks will be specified at the beginning of 
each activity. 

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

fumping Tests 
!!ydrographs 
:Well Log 
~ep Drawdovm Test 
§rain Size Curve 

Data 

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

Single FCWs 

... .;..-:-·: . :' ~- ~ --- - -.-- ~ ' 

Figure3-7 

l)'pO. 

Label: 
x.y [mmJ 

dx.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 
label color and background color.) 

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

. Fíe id Label: 

1 Master Data Entry Form - Guarico Data tJa j 

Figure 3-8 



\. 
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object has square handles on the corners. You can use 
these handles to resize the object. You can move the 
whole object to a new place by clicking in its interior 
and dragging the rectangle to a new place. 

2.2. Place the pointer (mouse cursor) on the lower left 
handle. Click and drag the handle for about 1 cm 
downward. Notice that the object becomes larger. 

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

Background 

Field l.abel 
Label font 
Label ~olor 
Label AJignment 

Figure3-9 

layout, you may edit 
this form prior to con­
tinuing creating your 
entry form. 

2.4. From the AHrib­
utes menu, select Label 
Font. The dialogue box, 
as shown in Figure 3-
11, offers al! fonts avail­
able to you. However, 
remember that the 
fonts that are offered to 
you are the ones that 
you ha ve. installed in 
your Windows. The 

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

Frame Parametcrs ,' ,' 

Horizontal Offset 

Vertical Offset [mm] O 
Width[mm) ~ 

Hcighl [mm] ~ 

Figure 3-10 
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[gJ Il_old 

O !talic 

FORMS 

;;::) O !!_nderUne 

Figure3-11 

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

2.5. To add shadow, click on Border. The display is as 
shown in Figure 3-12. Notice two options: Frame and 
Shadow. Frame refers to adding lines to the field rec-

Frame 

[81 Full Frame 
0None 

[8J Left 
[8J Right 
[8J Above 
[8J Below 

!mitrbKi">'1 

Popup Shadow 

[) ' 
' 

. 

[8J None 
0Left 
0Right 
0Above 
0Below 

1 :¡yq;¡¡¡;¡¡;;¡g 

Figure3-12 
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tangle. By default it has al! four sides filled with salid 
lines of thickness l. Shadow refers to emphasizing 
the form of the object. While thickness of the lines can 
be 2, 4, 6, 8, or 10, the size of the shadow can be be­
tween 1 and 5 rnillimeters. At sorne point during cre­
ating the form, click on Option, and place the ruler 
on the form. The ruler is in millimeters. 

Select popup shadow by clicking first on number 3, and 
then on the right and above boxes. SelectO K. The screen 
is now displaying the header field with al! its attributes 
(Figure 3-13). 

Mamr Dam Emry Form • GIUU"b:o Dam Base 1 
11>---------'~ 

11 . 
' ; . • 
1 •· < 
;· 
·~· y 

rl',-..,"""', D,-.,.--:,,-..,--=,"-,~-·.,..G~-,,,---~-=-o.,-1·1 
·' Type: Text ~' 

Label: Master Data f 
x.ytmml (1.7) (131.22) 

dx.dy (ISD.IS) .; 
.. '; · <,)l",¡r'0').'"'~~'M- ~.¡¡:xt, -1>~ ~ • ..,,;- ~:<':~·:>¡->.¡~ >1::¡: r.X:''t·~· 0: <;.¡;r,~"':':f:''"'~ >~·:e: ~f~~-1>,'1>.~· <· <•.<f:«:"" -;.,,._ .¡> ·~ ":: <:~·: ::0 -o< o-.,-,, .. ·~ 

Figure 3-13 

3. Add severa! more fields: Well Identification, Descrip­
tion, Locat(on (not Locality as in the listing on the 
left), X Coordinate, Y Coordinate, Elevation (m 
AMSL), and 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 for all data fields ex­
cept for Well Identification. 
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3.1. Click on Options and select Show Rulers. 

3.2. Select Well Ident from the list on the left. Move 
the field a few millimeters down, to separa te it from 
the Header field. Make the move by clicking inside 
the field and dragging the whole field. Expand the 
field slightly to the right. Do this by clicking and 
dragging the right upper handle. Try to combine 
both moves in one! Do it by clicking on the lower 
right handle and dragging it in the lower right direc­
tion until the object is the size and shape you want. 

3.3. Select Attributes. Click on Field Label. 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 Reman, 10 
points, and on the box for bold. Select OK to exit. 

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

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

Mast.rD.,td:ot•yFmm· G..n..D ... IIuo 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 Label Font. Select Times, 10 points, and 
click on O K. Select Attributes again, then Field label, 
and correct Locality to Location. 

3.10. Click on X on the left. Select Atgibutes, fol­
lowed by Label Font. Select Times, 10 points, and 
click on O K. Select Attributes again, then Field label, 
and add Coordinate after X. 

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

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

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

The final form is as shown in Figure 3-15. This termina tes 
example two. 

Figure 3-15 

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

Figure 3-16 

The procedure to print a composite·report is the follow­
ing: 

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

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

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

4. When you have created all drawings that you wish to 
place on that "nonstandard" reporting form, select op-
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tion report from whichever application, followed by 
Print Nonstandard Report. From the dialogue box 
which !ists al! available nonstandard report forms select 
the ene that you have created for this purpose. 

Ohe of typical examples would be to place a chemical 
d.iagram anda pumping test graph next toa welllog and 
site location map showing the position 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 
Factor 

4-1 

The GWW software package has a very flexible system 
of units. You may use a default system, whlch is created 
by the programmers of the GWW, or you may replace . 
thls system with your own system. 

In the GWW software the following terminology is used: 

• unittype 

• unit 

• conversion factor 

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

Cubic meter per second, square meter, minute, gallon 
per da y per foot, etc. are UNITS. Parts per million is also 
a unit. -

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



4.1.4. Basic Units 

4.2. WORK WITH 
UNITS 
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of urút. For instance, if urút type is TIME and its basic 
urút is SECOND and the new urút is MINUTE, the con­
version factor should be 1 (second)* 60 1 (minute), that is 
0.0166667. 

Each type of urúts (length, area, volume, time, flowrate, 
etc.) must have one urút that is referred to as the BASIC 
UNIT. It is important that basic urúts for flowrate, trans­
missivity, and permeability are consistent with basic 
urúts for length and time. In the GWW. UNT file the basic 
urút for length is meter and for time second. Thus, the 
program expects that the basic urút for pumping rate 
(flowrate) is m3 1 s, for transmissivity m2 1 s, and for per­
meabilitym/ s, regardless the fact that yo u may notwant 
to use these urúts. (In every part of the program, in its 
applications, you will have a chance to select your own 
urúts for computation and reporting.) 

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

4.2.1. Units as a Tool Normally you do not need to be concerned with this part 
of the GWW software package. Almost everything you 
need is already pre-programmed for you. You may, 
eventually, use this utility as a calculator for converting 
sorne urúts that you may need in other programs or in 
your routine hydrogeological work. Only if you wish to 
include sorne uncommon urúts that the prograrnrners 
were not aware of, you may exploit the features of the 
Units Tool. 

4-2 

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

!:!elp 

Data .!;ntry forms Editor ~ 

Beport forms Editor ~ 

Figure4-1 

2. Move the cursor to Units or type letter U. The subpro­
gram UNITS.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. 

11 · units (c:lg;.,d\guarico.gwwJ .· . • ·ag 
.!!nit System !;onversions J:!elp 

Uni!Type 

Tille 
Voluae 
.il.rea 
Flovrate 
VelocJ.ty 
Transmissivi ty a~~ 
PSraeabi 1 i t y 
Pressure 
Te:ra~ature 
Enei:-crv 

IH!F.\iid1Hi!lk~11fli 
lrPF:iiC!dlifiVi!2!nlT(~ 
l<::;;:ae:IMltwii'rH't 

cm 
mm 
in eh 
feet 
y arel 
•ile 

Units and Fadors 

0.01 
o 001 
0.0254 
0.304878 
o. 9144 
1609 

1 w:;.;¡¡~:í.lli~tnnl 
l:rmutal!tJuiiiln nrJ 

Figure4-2 
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The program loads the unit system that is currently dis­
played using the file GWW.UNT from the \GWW direc­
tory if this is a new data base. If this is an established data 
base, the GWW program will associate with the base the 
unit system that you have worked with and have saved 
together with other data. 

If you wish, for example, to change the name of a unit 
type you should use the button Rename Type. You may 
add a new type using the button Add New Type, or you 
may delete a type of units. As an exercise rename the 
type permeability with Hydr. Conductivity. 

l. Move the cursor down to the line Permeability. 

2. Click the mouse on Rename Type. 

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

4. ClickOK 

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

Youmay addnew unitsfor anyunittype. Asan example, 
prior to adding gallons per da y per foot, which is the unit 
for transmissivity, delete the same unit from the list. 

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

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

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

4. Select now Add New U ni t. 

S. In the dialogue box that will open you will be 
prompted to type the new unit name for the Type = 
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Transmissivity. When you type gpd/ft the screen 
shouid look as shown in Figure 4-3. 

Units (c:\gwd\guarico.gww] 

.llnlt Sys1em .!;onversions l:!elp 

¡¡¡jp;.:'::.Lj ____ GWW __ -_N_e_w_u_nl_t ---- f'ors 

Unit Name [Type;; TransmissivityJ 

IXIAiíiiii~oc~:tKJ 
jdiüililiihl:itijíifWJsiJ 
I~H]~:t;p~MHH 

6. Click on OK. 

Figure4-3 

000111574 
000001664684 
00001036522 
8956045 
000001385749 

7. A new dialogue box will open prompting yo u to en ter 
a conversion factor which will relate this new unit 
with any other unit of this type. On the right side the 
list of all currently selected units for this type will be 
shown. For example,y you know the conversi~n be­
tween gpd/ft and m /day, you may select m /day 
using the upper and lower arrow buttons on the 
screen display. The screen willlook as shown in Fig­
ure4-4. 

· · New Unit . · · 

Enter conversion factor 

1 gpd/11 = 

Figure4-4 



4-6 

CHAPTER4 UNITS 

8. Select m2 1 da y and type .01242. The screen willlook 
as shown in Figure 4-5. 

. · ·. · : New Unit . · 

Enter conversion factor 

1 gpd/ft = ~l.o:....:.1_24;..=2l!..__ __ __JIIm2/day l·i!l 

Figure4-5 

9. Click on OK. 

Although you have typed the conversion factor relating 
the unit gpd/ftwith the unitm2 1 day, 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). 

UnltType Unlts and Factors 

Figure 4-6 
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This is a calculator which you may use to recalculate 
sorne values expressed in one unit to their equivalents in 
other urúts. For example, you may wish to calculate 
length in feet. Once you are in Urúts subprogram 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. 

· . GWW · Unit Conversion Utility · 

Equivalen! Values 

vity 0.0 
ty 

Figure4-7 

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

2. On the right side of the display, Equivalent Values, 
click on the line showing feet as the unit. The pro­
gram automatically replaces the conversion factor 
with the number 1.00000 and p!aces the same num­
ber in the upper window next to the text Value 
[feet]=. Replace the number 1 with any other number, 
say 5.77 in this example, and notice the new list of 
equivalent values, as shown in Figure 4-8. 
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Figure4-8 

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

load .S,tandard GWW Units 

Alt-F4 

Figure4-9 
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l. Standard ASCII Input 

2. Standard ASCII Output 

3. Load Standard GWW Units 

Option one is used w hen 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 system of units with the GWW default or standard 
system. 

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

~---· ·-··-·-- .. ·--~--
üii/'\>:?):_::::::·:~_lnputfrom Standard ASCII file , 

Alename: '-=líi!M=I:.__ ___ .......J 

Directory: C:'¡GWD 

Files: Directories: 

gww.unt 

Figure4-10 

IN~i(fJ 

lt~.~¡¡;;¡;¡:t 

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 columns in this file have the following meaning: 
unit type, unit, conversion factor. 
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Each application handles u.nits that are specific to that 
application in its own way. Norrnally you rnay view the 
u.nits =rently used (using option General Data Units). 
These units can be changed within an application. 

· In sorne applications yo u decide on =rent u.nits for data 
rneasured in the field. You rnay convert frorn rnetric to 
practica! American hydrologic units, if you wish so, 
without affecting the general data u.nits set. 

However, be careful when changing u.nits for length and. 
elevation that are used in the rnapping and cross section 
applications. The u.nits rnust be consistent, otherwise 
yo u rnay 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 rnetric systern for cross sec­
tions. 
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5.1. GENERAL To begin with you should know that the GWW package 

' 

comprises the following applications: 

• Master Data 

• Chemistry: Samples 

Chemistry: Concentration-Depth Series 

Chemistry: Concentration-Trme Series 

• Pumping Tests 

• Hydrographs 

• Mapping 

• Cross Sections 

• Fence Diagrams 

• Step Drawdown Tests 

• Grain Size Distribution Curves 

• Miscellaneous 

• User Data 

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

Sorne of procedures and routines are either exactly the 
same or about the same in more than one application. In 
this Chapter we will describe sorne routines and proce­
dures which are common to more than one application, 
such as: (a) selection of units for a particular application, 
(b) selection of a working set or a working group, that is 
reducing a large set of data toa smaller subset; (e) setting 
up the printer, (d) creating random data "models" (inter­
na! files) to be used for mapping, gridding and contour­
ing, and (e) reading from standard ASCll files and/or 
writing to standard ASCll files. · 
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Uydrograpbs 
l!•pping 
:t¡ell L.og 
Cross~ectioa 

fenee Diagrams 
Slcp OIIW1IDW11 Test 
finjo Size Cur-.. 

t.tiseellaneous 
UserData 

COMMON ROUTINES 

Figure 5-1 

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

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

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

Depending on what you have selected to keep in your 
Master Data application you may select units for any en-' 
try that is identified as nurnerical (dimensioned) data 
type. In the standard case which is supplied as a default 
for master data structure, you may change units for co­
ordina tes (X and 
Y), for ground sur­
face elevation (Z) 
and for elevation 
of the measuring 
point (ZM). When 
you select Units on 
the menu bar, the 
offering will be the 
same for which­
ever data entry 
you select to 
change. This is 
shown in Figure 5-3. 

Applications Cross 

Figure 5-3 

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

!lew Cmss Settion 
llewCrm SeclionJ.iU_ 
.Qld Cran Sedlon 
~ Closs Scdlaa 

Figure 5-4 
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In applications Pumping Tests and Hydrographs the se­
lection is different for general data and for measured 
data. In the application Hydrographs, the general data 
are the same as in the Master Data application (coordi­
nates and elevatians). In a pumping test the general data 
are distance between a pumping andan observation well, 
transmissivity, standard error of fit, and the same coordi­
nates and elevatians as in the Master Data application, as 
shown in Figure 5-5 for transmissivity and in Figure 5-6 
for average pumping rates. 

Figure 5-5 

[T ransmissil/it)r 1m2/da~ 
1 L,Q .. IIILO n /day] 
1 ConfAI¡Thickness jm] 

Figure 5-6 
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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 Measurements Ctri-E 
Standard ASCII Input 
Standard ASCII Qutput 

lnsert Row 
Delete Row 

CtrH 
Ctri-D 

Figure 5-7 

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

Flowrate 

.!ll.~:c/S,__ 
1/s 
gpm 
g(UK)pm 
acre-ftld 
m3/day 

Figure 5-8 
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NOTE. 1t is important to note that what you are doing in an 
application is releuant only for calculations and reporting but 
wil/ not modify the system of units that you have taken either 
from the default file with units, GWW.UNT, or have modified 
and save~ using the aption Units from the Tools submenu. 

Thls is one of the most important and attractive opera­
tions in the GWW system. Being programmed to run un­
der Wmdows and relying on Windows resources, a large 
pool of memory and huge storage capadty, and espe­
dally counting on the processor speed of 66 :MH.z and 
above, the GWW package has been programmed for 
large data bases. Under "large" we mean hundreds or 
even thousands of wells or water samples. (If you intend 
to run GWW on a 25:MH.z 386SX PC, you better limit 
your data base to 100 wells.) · 

Working with a large set of wells may become ineffident 
after a certain number. Yet very often we want to pay our 
attention toan area, an aquifer, a parameter, orto certain 
wells that differ in something from the rest. For example, 
we may have 500 wells in our data base, but we wish to 
crea te a map showing locations of wells in which one 
specific chernical constituents has been identified. In ad­
dition, we wish to create a contour map of that constitu­
ent using only wells in which it was detected above a 
certain limit. In other words, we want to eliminate from 
the display all wells in which this constituent is less than 
the prescribed rninimum. 

Howwedoit? 

We have severa! ways for filtering the data base and 
searching for samples/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 Pumping Tests ha ve all Select Working Set 

S-6 
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option on the Data submenu. An example from the Mas­
ter Data menu is shown in Figure 5-9. In the example 

.§.elect Entry Form 

Standard ASCII !nput 
Standard ASCII ºutput 

Printer Setup 

Northing 

958000.00 

Figure 5-9 

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

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

When you click on Select Working Set a box similar to 
the one shown in Figure 5-10 will appear. The difference 
will be in thaf all wells would be shown as "selected 
items". If, for example, you wish to reduce the set to only 
wells belonging to the irrigation system, which are iden­
tified with the name SRRG-xx, where xx is the sequential 
number of a well, you should do the following. 
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EI_Frio 
P-103 
P-110 
P--152 
P--153 
P--155 
P--163 
P--166 
P--169 
P--170 
P--171 
P--177 
P--18 
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Salectad hams 

FigureS-lO 

l. Click on Unselect All. The 'Selected Items' window 
will be without any well. All wells are moved to the 
left window, and the display looks as shown in Fig­
ureS-lO. 

2. Click on Select Condition. The dialogue box as 
shown in Figure 5-11 will appear offering you to se­
lect a variable to use as a 'selection condition'. The 
variables are all data that make a part of your 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 side. This is shown in 
Figure 5-12. 

St:lt:•t Cond•lrort 

Variable 

Condltlon -Value o.==----. 
D 

FigureS-11 

St!lt:cl C:muhllon 

Variable 

Wellldent ~ 

Desaiption 
District 
LDcallty 
Owner 
X 
y 
z 
2M 

FigureS-U 
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4. Click on Well Ident, which was suggested by the pro­
gram as a default, and 
type under the Condi­
tion Value the equal sign 
in the left box and the 
combination s• in the 
right box. The program 
permits you to use logi­
cal operators =,> ,< in 
the left box, and wild­
cards (* and ?) in the 
right box. In the case 
shown in Figure 5-13, the 

Sr:h:cl Conditmn 

Variable 

jwellldent 

Candition Value 
Dr=l s-=----, 

D 

FigureS-13 

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

5. SelectO K. Notice in Figure 5-14 the 'Selected Items' 
Unseleded ltems Selec:ted ttams 

FigureS-14 

window filled with identification names starting 
with the letter S. 

6. SelectO K. You will be back in the Master Data main 
menu, but the list of wells, which is normally dis­
played on the left side, will contain only wells start-
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ing with the letter S, as shown in Figure 5-15. In ad­
dition, the number of wells, displayed on top of the 
list, will reflect the altered working set content. · 

. · • Master Data 

-. ---r;~·ET~~;:~:~;.~~]f!·~$ii~~·~;¡:~¡;· -
- ~- ~-1-Ea. ~-o<l't 

669000.00 959200.00 84.35 1 

Figure 5-15 

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

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

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

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

Load Map 

Selcct. an existing map 

boslc-log 

Figure 5-16 

IYc~;;~¡;¡ 

1 !!lili~'tl 

member that maps are objects in the GWW system, and 
each is assodated with a name. In the case displayed in 
Figure 5-16 there is only one map, named basic-log, 
which contains locations and names of wells which may 
have known lithology or welllog. You may either type . 
the map name (exactly as it is shown) or double click 
with the mouse on the map name. The map will be dis­
played as shown in Figure 5-17. 

FigureS-17 
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Notice various buttons on the right side. Their meaning 
is as follows: 

Close Removes the map from the display. 

Zoom In Permits you to enlarge a portien of the map. 

Zoom Out Returns the display to its normal view. 

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

Selln.Rect. Permits you to select wells within a rectangle. 

Sel.Points Permits you to select well points one by one. 

End Points Ends selection of wells point by point. 

Selln Area Permits you to selects wells with free hand, making a 
clo;;ed contour around wells. 

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

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

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

Figure 5-18 
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selecting wells using a map, al! 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 side of Fig­
ure 5-19 . 

Figure5-19 

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

Figure5-20 
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l. From the Data menu bar option Select Working Set 
is activated. 

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

3. Load Map option is selected. 

4. The map named 'BASIC-LOG' is transferred into the 
upper window and selected by 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 severa! points around wells to be selected. 
The final point is elose 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 precise. 

SRRG-28 
SRRG-3 
SRRG-4 
SRRG-5 
SRRG-9 

Malee Random 

FigureS-21 

...... 

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

' 
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l. Activa te option Select Working Set as before. · 

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 applications differs from the 
Working Set concept in the following. A Working Group 
is a subset of a Working Set. Wells which will be shown 
on a group diagram or display make the group. For ex­
ample, you may have a large data base with hundred df 
wells. You may have reduced this data base toa smaller 
Working Set of wells belonging to a particular area. Say 
that your Working Set comprises 40 wells. You wish to 
present on a Piper diagram only 10 wells. You will create 
·a Working Group to be composed of only these 10 wells. 

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

You select wells for a working group in exactly the same 
way as explained above. There is only ene rninor differ­
ence in the case of Chernistry application. There, the op­
tion on the menu bar is Map, followed by two other · 
optioris: Make Working Set and Make Working Group. 
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Note that group display diagrams (Piper, Wilcox, Schoel­
ler) will not display what they are supposed to display 
unless a working group has been created. 

Selection of printers and attributes related to printing is 
normal! y a Windows operation. For this you go to Main 
Wmdows menu, select Control Panel, then Printers, and 
configure the printer you wish to use. 

In the GWW system you have an option Printer Setup in 
every application. It is used to change the orientation of 
printout, portrait (vertical) or landscape (horizontal), the 
printing medium, the quality of print, number of copies, 
colors for a color printer, and many more. Actual! y, the 
GWW system brings a printer driver that had been con­
figured as a default printer in Wmdows' Control Panel. 
Remember that you cannot change from within a GWW 
application a default printer and replace it with another 
currently installed printer. If yo u wish to do so, yo u must 
either exit completely from the GWW, or better, stay 
within the application but temporary exit by using the 
combination CTRL+ESC key to go to the task assign­
ment, select Program Manager, then select Main, and 
Control Panel, then Printers. Change the default printer, 
close Control Panel 
and return to the ap­
p!ication by activat­
ing once again the 
task assignment list 
(CTRL+ESC). 

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

~elect Entry Fonn 

Standard ASCII !nput 
Standard ASCII Qutput 

Printcr Setup 

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 m. You can access the same 
driver's menu from the Wmdows' Control PaneL 

FigureS-23 

........ ·-

......... 

!300dob-..::to 

EJ 

[--; ~=- 1 

~(2-J 

~~--,. ~.·. HP; a. Codn:. M-
HP:f-.h::. 
HP: GloboiT-

ASCII or text files are prepared with a text editor or word 
processor and saved unformatted. This type of file con-· 
tains only the printable ASCII characters and the few 
control codes needed for mínima! formatting, such as 
carriage returns and linefeeds. · 

ASCII files in the GWW system serve in two ways: 

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

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



5-18 

CHAPTER5 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 directl y written from within 
the GWW into ASCII files. 

l. Data struetures, such as Master Data structure file, 
which is reprodú.ced in Appendix B. 

2. Entry forms. such as Chemistry application entry 
form, which is also reproduced in Appendix C. 

3. Reporting forms. such as Well Log reporting form, 
which is reproduced in Appendix C. 

4. Master data foral! wells that make working set. When 
you 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 

Enter File N1me 

Filenamc: ._lmd._•_" __ __,( ! ;::~~:~::1 
Dttector¡. C.'\GWO l~ii<tl 

DO 
Figure5-24 

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

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

Number al rccords in c.'\gwd\md.asc: 
13 

FigureS-25 

showing how many 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, w hich then can be 
used as input files in the case something goes wrong. 
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5. Chemical data for all wells that make working set. 
Cornrnents that apply for master data are valid here 
too. Every piece of information referring to the 
chemical part of the data base will be copied to the 
ASen file. Constituents will be transferred in parts 
per rnillion (ppm) or equivalents per million (epm) 
depending on in which units they were displayed 
when you have selected to copy them to the ASCII 
file. 

6. Water leyel measurements data will be saved as one 
ASCII file for all wells. This file will contain all gen­
eral data identifying wells and all measurements. 
The forrnat 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 
information. 

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

8. We!! log data will be saved in an ASCII file on the 
file-for-single-well basis, that is one data file for each 
well. Only lithological data, including depth inter­
vals, codes and description of lithologic units will be 
saved. Again, the output ASCII file forrnat for lithol­
ogy is ma,de consistent with the Version One of the 
U.N. Ground Water software. 

9. In Well Log application there are two more inforrna­
tion files that can be saved as ASCII files: codes, syrn­
bols and textual description of materials filling 
annular sp·ace of a well, see Figure 5-26, and codes, 
syrnbols, and default description of lithologic units a 
well had been drilled through. These are specific in­
formation files and will be discussed in Chapter 10. 
Well Logs and Uthology. 

10. In Mapping application alrnost every component of 
a map can be saved asan ASCII file. For example, you 
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Standard ASCII!nput 
Standard ASCII 

Verli::al Hortzonta 

Figure5-26 

may create a line by directly digitizing 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
formation into the GWW system. More than one line 
can be saved as one ASCII file. Each line is terrni­
nated with /* characters on a separa te file line. 

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

You may save an entire grid 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 elevation for the grid model of 
the grormd surface, a water level elevation, total dis­
solved solids, a content of a constituent, or anything 
from your data base that has a numeric value assodated 
with the location of a point (that is, with X and Y coordi­
nates). Such files can be used as input data files to mod­
eling software such as MODFLOW, U.N. GWMOD, etc. 
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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 ispresented in Appendix D. 

As before, this file is written in the free format. The col­
umns ha ve the following meaning: X coordina te, Y coor-. 
dinate, ground surface elevation, and well identification. 

The attractive possibility is to create an ASCII file with 
four such col­
umns of num­
bers and char­
acters, and 
inputitintothe 
GWW for fur­
ther process­
ing: creating a 
map, making 
contours, add­
ing color ínter­
vals to the 
map, and 
printing the 
map. 

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

FigureS-27 

text will be identified with all attributes required for 
fonts, colors, alignment, angle od plotting, etc. 
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FigureS-28 

Addjtional Notes on ASCII Files 

COMMON ROUTINES 

(a) The format of ASCIT input and ASCIT output files is 
identical. In other words, what yo u save asan ASCIT 
output file frorn within the GWW systern, you.rnay 
use asan ASCII input file te the sarne or another data 
base created with the GWW prograrn. 

(b) You may edit ASCIT files created by the GWW pro­
grarn, but in sorne files it is irnportant to keep the 
sarne data forrnat, while in other files it is not. 

(e) When the GWW prograrn saves data in an ASCIT file, 
it rnay add underscore characters to fill sorne gaps in 
the inforrnation. It is important to keep these charac­
ters in the files in order for the GWW to read thern 
correctly. 

(d) Master data and Chemistry applications will create a 
very specific first line in the ASCIT output file. They 
willlist al! entries according to field narnes frorn the 
data structure and place these field narnes within an­
gular brackets. The prograrn expects to find these 
sarne entries in numeric form 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 exerdse 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 ~ 
numeric parameter in the data base which is assodated 
with the location of wells, that is with X and Y coordi­
nates. 

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

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

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 you wish water 
leve! measurements to be taken ( or interpolated if miss-



5-24 

CHAPTERS 

ing on that date). Once 
you supply the date 
(month, day, year) the 
rest is the same as in 
other parts of the pro­
gram. 

One example is shown in 
Figures 5-29 and 5-30. 
When Make Random 
option is activated 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 

Random Mdl. Variable 

~~ ~ 
Na ::~. 

1( t·: 
Fe 
Mn 
HC03 
C03 
504 
Cl 
N03 
N02 
P04 
F 
B 
5102 
1D5 
Hardness 
Allcalinity 
Conductivlty 

lnH 

Figure5-29 

param~ter is selected, the program scans all wells and 
samples, reads X and Y coordina tes and prompts you for 
the random point file 
name as shown in 
Figure 5-30. By de­
fault you will be of-
fered the name of 
selected parameter 
which you may con­
firm or change. · 

The random point file 
is an interna! file 
which is used then in 
the Mapping applica­
tion for creating vari­
ous thematic maps. 

z 
Z-all 

Figure5-30 
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There, its content may be saved asan ASCII file. As dis­
cussed earlier in this Chapter, such an ASCII file will 
have four columns, with X and Y coordina tes in the first 
two columns, the TDS val u es in the third, and well iden­
tification name in the fourth column. 
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In severa! applications you may be editing input data in 
atable. These applications are: pumping test, step-draw­
down test, grain size curve, and hydrographs. If you 
open a table with the measurement data and attempt to 
activate another option, such as display or fit while still 
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-
cuted, or exit the 
table without sav-
ing the newly ed­
ited data. Vou are edlting measurement data 

Save or Exlt data before thls operation. 
or 

Cancel this operation 

Figure 5-31 
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This page íntentíonally left blank. 
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MASTER DATA APPLICATION 

The Master Data application is the heart of the whole 
system. Every well, entered from any application, ends 
up in the Master Data application. It serves a kind of 
housekeeping for the information that is shared among 
applications. 

The Master Data application is intended for entering 
general information for wells, water points, and/ or 
water samples. This information is generally the follow­
ing: 

• Well identification, which can be any combination of 
characters and numbers, up to the size specified by 
you (or the program's default) in the file structure 
too l. 

• X and Y coordinates that uniquely locate a well, a 
water point and/ or a sample. · 

• Z coordinate, or ground surface elevation, or ail ele­
vation of any other point on the well that has been 
surveyed, measured or taken from a map. 

• Coordinate of water level measuring point such as 
top of casing, top of concrete block, etc. 

• Name or location, other names for a well, and the 
like. 

• State, region, province, country, or a county; one, 
more than one, or all of these. 

• Owner of well. 

• · Year of construction. 

• Relationship of the well to: river basin, hydrologic 
unit, aquifer system, municipal water supply 
scheme, landfill monitoring system, irrigation sys­
tem, etc. 
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• Use of well. 

• Equipment installed. 

• Number of the topographic map to which the well 
belongs. 

One especially convenient entry would be one character 
code (Yes or No) specifying additional information 
about this well. For example, if you want to ha ve a quick 
overview of all wells in the data base that have a water 
leve! monitoring record, you may add a field into the 
Master data structure which will prompt you to enter 
eitherY (forYes) orN (forNo). Thenameofthe fieldmay 
be as follows: Water Level Data Available? This code can 
then be used to reduce the data base to a working set of 
wells for which a water level record exists. Thus without 
switching to the Hydrographs application you may ere­
ate a map showing locations and names of all water leve! 
recording wells. 

Similar! y, you may want to have a coded field for lithol­
ogy, chemistry, pumping tests, etc. 

Depending on what you have entered on Entry Forms 
for other applications, 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 rnay have 
selected to have on Entry Form for Chemistry the coor­
dinates and location/description of wells. If this infor­
mationis typed in the Master Data appikation, the same 
information will be directly copied to Chemistry Entry 
Form as soon as you type the Well Identification name 
within the·Chemistry application of a well that exists in 
the Master Data application. 

Conversely, if you are satisfied with entering general in­
formation for a well consisting only of its coordinates 
and elevations, leaving. the field on its location, local 
name, or description blank, you may enter this informa-
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tion under the Chernistry application and it will be cop­
ied to the Master Data application next time you work 
with it. . 

You may begin inputting data in any application, not 
necessarily in the Master Data application. When you 
have finished, you may switch to the Master Data and 
notice that all wells that you entered in the other appli­
cation will be found in the Master Data application as 
well. 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 wells that are currently in the data base. 

GSC-1 
Master Data · · 

~., 

P-110 
~ .. , 
~ .. , 
~ ... 
~·" ~ ... 
~ ... 
~"' P.l71 
~m 
~ .. 
~ . ., 
~ ... 
~ ... 
~·· .... -""' ""' ,.,., 
'""' ""' ''"' ..... 
""' ..., 

'· ..., 
""' "'" .... • 

Figure 6-1 

Please note, however, that only the wells that you have 
selected as the Working Set will be listed. The program 
remembers what you left last time you worked with the 
data base. If you closed the data base working with a 
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reduced Working Set, that is what yo u will find next time 
you open the data base. 

Most of the screen is occupied with th~ Master Data En­
try Form. As you type the information, you can move 
from one field to another using either TAB key or EN­
TER Remember that information is not saved unless yo u 
press TAB or ENTER One en tire well is saved only if yo u 
answer all prompts (fields) on the Form, or if you press 
the PACE DOWN key. As soon as you press the PACE 
OOWN key; you will notice that the identification num­
ber of the well will appear in the welllist window. 

To move forward in the form use the TAB key. To move 
backward use the SHIFT+TAB key combination. To 
move from one well to another use PACEUP or PACE­
OOWN. Alternatively to finish entering information for 
a well, press PACEDOWN or PA.CEUP. One well on the 
list of wells window becomes highlighted. Now you 
may use arrow keys to move up or down. To selecta well 
you may always click with the mouse on its name in the 
list. 

6.4.1. Data Submenu The following options are available on the Data sub­
menu: 
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Select Working Set. This is explained in Chapter 5, sec­
tion5.3. 

Delete Record. This is used to delete an entire record 
from the data base. However, deleting a well from the 
Master Data application will not delete this well from the 
data base, if the same well is used in sorne other applica­
tion. Remember this is a relational data base. The infor­
mation about the well is still written to another 
application's base and transferred to the Master Data ap­
plication for housekeeping. If you wish to eliminate a 
well complete! y the best way is to delete it from applica-

• 
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tions other than the Master Data. When it disappears 
from all applications, only then you should delete it from 
the Master Data. 

Select Entry 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
tion a dialogU.e box with all available entry form names 
will be displayed for you to choose from. 

Standard ASOI Input. This is explained in Chapter S, 
section S.S. It is used to import data from other pro­
grams, such as dBase IV, provided they are saved as a 
standard ASCIT file and that they follow the GWW con­
vention of input. Using this option you may enter many 
wells at once without using the Entry Form. 

Standard ASOI Output. This is also explained in Chap­
ter S, section S.S. It is mainly used to back up your data 
base. 

Printer Setup. This is explained in Chapter S, section S.4. 
It is a standard Wmdows routine which displays the dia­
logue box of the printer driver that you ha ve selected to 
be the default printer in Control Panel of the Windows 
MainMenu. 

Exit. Selecting this option or pressing ALT +F4 will termi­
nate the work in the Master Data application and return 
yo u to the GWW main menu. 

Units are discussed in Chapter S, section S.2. 

The following options are available on the Data sub­
menu: 

• Print Report 

• Select Table Form 

• Select Record Form 
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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 tlll2Jg. 

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 

HDMMijld Fonn Editor !c;\gwd\ncw.gwwJ 
Eonn New Aejd Attributes .Q.ptions Jjclp 

Coordlnates 

Well General Data - Coordlnates 

Wallldant X y 

Figure6-2 

explained in Chapter 3. 

z 

The normal procedure in printing a report would be to 
choose between one of options: Select Table Form or Se­
lect Record Form, and then select Print Report. For ex­
ample the reportas displayed in Figúre 6-2 was printed 
using the following sequence: 

l. Report. 
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-- Master Data _ -- --

Figure6-3 

2. Select Table Form. The dialogue box opened suggest­
ing only one reporting form with the default name 
Coordinates (this.is a pre-programmed part of the 
GWW.OOO template). 

3. The name Coordinates was double clicked. 

4. Print Report option was then selected. 

6.4.4. Make Random Thls option is discussed in Chapter 5, section 5.6. It is one 
of the most important options provided by the GWW 
system. Normal! y you would want to produce a location 
map showing all wells contained in the data base. To do 
this, activate the Make Random option, select Z, the 
land surface coordinate, if available for all wells, or any 
other distributed numerical parameter that may be 
known for all wells (such as X or Y coordina te), and ere­
ate a random model. (Random Model is a misnomer in this 
early stage of the discussion. Using this option you only 
create a file which contains random points and their X 
and Y coordinates, well identification and a space-de-
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pendent numerical parameter. Only in the Mapping ap­
plication you will crea te a gridded rnodel frorn these ran­
dorn points.) 

6.4.5. Load Map This option, which is cliscussed in Chapter 5, subsection 
5.3.2, is also one of the most important features of the 
GWW systern. It perrrúts you to reduce a large set of 
wells to a smaller set by directly selecting frorn the rnap. 

6.4.6. Help This is a context-sensitive help which contains most of 
the explanations, procedures and routines that are appli­
cable to the Master Data application. 
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NOTE. Carefully evaluate what you will store in the Master 
Data application. When you backup any application, say 
chemistry, all data entries coming from that application plus 
from the Master Data application will be copied to an ASCII 
file. The ASCII backup Jor chemistry may become unnecessar­
ily "loaded" 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 
entries which have not been Joreseen by the programmer. For 
example, even if you prepare data entry fields such as elevation 
oJ a stratigraphic unit, or thickness of another unit, etc., the 
option Write to STD ASCII File will not copy this information 
toan ASCII file. IJ this information is maintained in the Mas­
ter Data application, it will be backed up in and ASCII file. 

6.5. WARNING Try to keep the number of field entries within the Master 
Application toa rninimum. This is beca use al! Master en-· 
tries will be copied to every other application's ASCII 
backup file. For exarnple, backing up the Cherrústry, you 
will copy not only cations and anions, and al! other 
cherrúcal constituents, but also al! Master data. 
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7.1. GENERAL 

7.2. MAIN MENU 
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BAR.AND MAJOR 
OPTIONS 

In the Chemistry app!ication you can do the following: 

l. Crea te the chemical 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 and 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 for 
gridding and contouring. 

The main menu bar for the Chemistry application is 
shown in Figure 7-1. The screen is composed of three 
parts: · 

Make Bandom ltelp 

ldentlficadon Data 
Wellldent Oescription 

Figure 7-1 

l. Menu bar with major options. 

2. Well Identification window on the left, with the list of 
a11 wells/samples. 
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3. Entry Form for d!J.ta in-
put or editing. 

The list of wells is en­
larged in Figure 7-2. You 
may move and resize this 
window using Windows 
option for moving and 
resizing windows. With a 
large number of samples 
in the data base you may 
need to use the side slide 
bar to select a sample of 
in ter es t. 

The Entry Form is a de­
fault form prepared by the 
programmer. You may se­
lect one of your own 

Wellldent 

P..152 
P..153 
P..155 
P..163 
P..166 
P..169 
P..110 
P..111 
P..177 
P.. lB 
P..lBD 
P..186 
P..198 
FLZD 
P..200 
P..205 
P..206 
P..207 
P..214 
P..215 
P..218 
P..236 
P..248 

~~~~ 

Figure 7-2 

forms with constituents other than the ones shown in 

IdeDtifkadon Data 

WeiJ ""'" 
j DescnptJOn 

P-110 Production W.ll l.D Lot 11~ 
1 

PPM 
1 

IDputData 
ca 

""' 
Na K •• 

13.23 20.30 19.77 1.17 

"" HC03 C03 S04 Cl 

131.79 24. JO o.os 4.25 
N03 N02 P04 F e 

5102 TOS Hardness - CoodudMly 
218.00 270.00 

'" ComputedData e .Jo 
SAA JI cabons All1cm 1 Balance Error% 

o. 7968 3.22 3.09 4.09 

. . Figure 7-3 
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Figure 7-3. The Entry Form is also a window. You may 
move this window and resize it if you wish to place it on 
a more convenient place on the screen. 

Note. By default, the Entry Fonn is set to accept data as parts 
per million (ppm). If you prefer to input epm go to Options 
first and click on Show EPM Values. 

Selecting the option 
DATA from the 
menu bar will bring 
the pop-down sub­
menu as shown in 
Figure 7-4. By now 

. yo u should know 
the function and 
use of each of these 

· commands.11ostof 
it was explained in 

-Chapter 5. 

Delete Record ctrl-0 

Stand11rd ASCIIjnput 
Stllnd11nd ASCII ºutput 
Old lo Std. ASCII !;_onversion 

Printer Setup 

Figure 7-4 

The only command that has not been mentioned is 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, numerous chemical data bases created with 
Version One can easily 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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then you 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 you 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: 

• Paiper Diagram or trilinear 
1agram. 

• Wllcox Qiagr¡¡m or irriga­
tiffl.;~uality'Ulagram. 

• S Diagram. 
• SCHOELLER Diagram. 

In addition to the explanation 

Wilcox Diagram 
~tiff Diagram 

Diagram 

Figure 7-5 

that follows in this Chapter, Chapter 16 Customization 
explains how to customize each of these diagrams, both 
for display and for print. Under the customization you 
will be able to select colors for each part of the diagram, 
select fonts (family and size), and select colors of labels. 
You will also ha ve a chance to replace the words selected 
by the programmer with your own, in English or in any 
other language. 

The STIFF Diagram is named after H.A. Stiff, Jr. This is a 
single sample graph displaying graphically major cat­
ions and major anions. On the screen you will see only 
the graph but on the reporting form you may have all 
constituents (major, minor, rare, trace, contaminants, 
etc.) printed in atable, plus you may have a smallloca-
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tion map showing the relative position of the well being 
displayed. One example of the screen display of the 
STIFF diagram is shown in Figure 7-6. 

per liter 
3 4 5 

Figure 7-6 

7.4.2. Piper Diagram Named after A.M. Piper, the trilinear diagram presents 
graphically a group of analyses on the same plot. Figure 
7-7 displays the upper part of the diagram, while Figure· 
7-8 displays the lower part with identification of· 
wells/ samples. The numbers on the left, 1 through 9 and 
letter A are codes that appear on the diagram itself. Next 
to these are well or sample identification names. You 
may display on one Piper Diagram as many samples as 
you wish, but the display list with sample identification 
may become crowded or may go beyond the page for­
mat. The number of samples you may actually display 
will depend ori. the report format you have selected, and 
on the font size you selected for printing the identifica­
tion. With fonts as small as 8 points you may safely dis­
play and print up to 40 samples, aligned vertically in 
four columns containing 10 samples each. (If you select 
a larger font for labeling, fewer samples will be dis-
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CHAPTER7 CHEMISTRY APPLICATION 

played.) Of course, you may always use larger paper or 
use landscape orientation. 

Ca•Mg 

2C 2C 
N;ó!+K 

... 
e 

·= .., oc .., 2C e e = .., oc .., •ce 
ca Cl 

CATlONS ANIONS 

Figure 7-7 
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~110 9 !liRG-16 G ~¡¡.¡¡ 

P-1~ A !liRG-17 ~¡¡.z¡ 

' ~15l 8 !liRG-IB 1 ~G-21 
.l !liRG-ro e !liRG-19 J ~G-211 

6 !liRG-11 D !liRG-2 K ~G-31 

1 !liRG-tt E !liRG-20 SRIIG-31 

Figure 7-8 

7.4.3. Wilcox Diagram WILCOX Diagram is named after Wilcox from the U.S. 

7-6 

Department of Agriculture. This diagram is used in 
studying the suitability of water for irrigation purposes. 
High content of exchangeable sodiurn is highly undesir­
able for agriculture, as is the high total dissolved solids 
content, expressed as conductivity of water. An example 
of a screen display of the Wilcox diagram is shown in 
Figure 7-9. 



7.4.4. Schoeller 
Diagram. 

7.5. TABLES 
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Figure 7-9 

The SCHOELLER Diagram, named after professor 
Schoeller, is a group diagram displaying (1) the total con­
centrations of major cations and anions in both ppm and 
epm, and (2) the relative water composition for many 
samples. Because of the graphical lirnitations of lines 
(salid, dashed, dashed dotted, and dots on the line) it is 
not advisable to display more than 10 samples on one 
Schoeller diagram. Read also section 7.6. Options. One 
example is shown in Figure 7-10. 

Yo u may report or print data from the 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 ín (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 
orientation. 

You may also design your own table reporting forms se­
lecting any constituent and/or parameter that you may 
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have in the data base. However, be careful in selecting 
th_e units of reporting. In the GWW system chemical con­
stituents have simple chemical names such as Ca for cal­
dum, N03 for ni trates, etc. If displayed like this theywill 
be reported as equivalent per millions. To distinguish 
epm from ppm for the same constituent, the GWW sys­
tem adds .ppm after the parameter name. For example 
Ca will be caldum in epm, but Cappm will be caldum in 
ppm. You may place either or both on the same table 
form. One such reporting form is reproduced in Appen­
dix C. For ad.vanced users of the GWW software, addi­
tional explanation of format and attributes is given in 
AppendixC. 
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When activated, the re­
port option displays a 
pop-down submenu as 
shown in Figure 7-11. 
There is a difference in se­
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
porting forms. You will 

CHEMISTRY APPLICATION 

Save Piper Diagram 
Save 'W'ilcox Diagram 
Save Stlft Diagrom 
Save Schocllcr Diagr11m 

Print Worlcing S el 
Print§roup 
Print Becan! Data 

'" 
'" 

Figure 7-11 

not be prompted to select a reporting form, as you will 
be if you select one of the lowermost four options. Also 
the program will print only samples in the working 
group in the case of group diagrarns (in upper rectangle). 

For example to print a STIFF diagram, you should select 
the sample you want to print by moving the cursor 
within the sample list on the left, or by using PageUp or 
PageDown if you are in the Entry Form window. Once 
you select the sample you have two options: 

l. Select Print Stiff Diagram on the Reports menu. The 
standard reporting form will be used. 

2. Select Print Record Data. The dialogue box will offer 
you all available reporting forms for the STIFF dia­
grams. Select one of these and the program will print 
it accordingly. 

Using the commands from the lower rectangle permits 
you to select (a) the diagram to print, (b) the n:!porting 
form for that diagram, (e) the table form for all ora group 
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of constituents in the base, and (d) one of nonstandard 
reporting forms intended for mixing graphics using 
more than one application. 

If you select Print Working Set, all forrns designed by 
you or by the GWW prograrnmer will be listed in a dia­
logue box, perrnitting you to choose from any of them. 
For example the list will include, by default, the dia­
grams such as Piper, Wilcox, and Schoeller, plus any 
other table forrn or alternative designs of diagrams that 
you may have created. You should be careful, however, 
not to select Print Working Set for a Piper diagram if you 
have more than 30 samples in the set. Likewise, it is rec­
ornmended not to print more than 10 samples on a 
Schoeller diagram. In these cases, you are advised to use 
the command Print Group. The options Print Working 
Set and Print Group are identical except for the content 
of reporting. 

You may also save any graphics that is currently djs­
played. Depending on which type of graphics is dis­
played you will use Save Piper, Save Wilcox, Save 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. You may print such a saved draw­
ing using the Print Nonstandard Report option from 
this or.another application. 

The GWW software uses a special externa! file to convert 
between ppm and epm values. This is a simple ASCll 
file, named by default PPMfOEPM. TBL, the partial con­
tent of which is shown below and its full content in Ap­
pendixD. 

• Ca 0.04990 
• Mg 0.08224 
• Na 0.04350 
• K 0.02558 
• Fe 0.05372 



7-11 

CHAPI'ER7 CHEMISTRY APPLICATION 

• 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 
factors. The ppm values when 
multiplied by these factors con­
vert to epm values. 

Depending on what you have 
currently on your display, you 
may switch between ppm and 
epm at any time. The sub­
menu with these options is 
shown in Figure 7-12. 

Set Max. ¡;[alance Error 

Set .Schoeller Range 

Figure 7-12 

Set Max.Balance Error is another option which permits 
you to override the default built in the program. STIFF 
and PIPER diagrams will not calculate and display if 
there is an imbalance between sum of cations and sum of 
anions. By default the maximum permissible "imbal­
ance" is set at 10%, but you may assign your own crité­
rion using this option. When invoked, the dialogue box 
will be displayed as shown in Figure 7-13. 

Enter maximum cations-anions balance 
errorll"J 

lilil 

Figure 7-13 

.,, 
.,.,.., 
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Set Schoeller Range is the option which permits you to 
change the vertical scale of the Schoeller diagram. By de­
fault, the range is set from 0.1 to 400 epm. The upper 
values are suffident to display the sea water salinity, but 
are too high for an ordinary ground water sample. You 
will probably want to reduce the upper limit to sorne 30 
epm, and also reduce the lower limit to 0.01 to display 
the smallest concentrations. When invoked this com­
mand first prompts you to set the minirnum value for 
Schoeller diagram, as shown in Figure 7-14, and then to 
enter the maximum value for the same diagram. 

Enter minimum value value for Schoeller 
dlagram [EPMI 

Figure 7-14 

The Map option per­
mits you to select 
wells or samples di­
rectly from the map. 
The submenu for Map 

· is shown in Figure 7- . 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
tual! y create a map. 

To select wells directly from a map yo u should follow the 
sequence: 
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l. Select Data on the menu bar. 

2. Choose Select Working Set. 

3. Click on Unselect All to remove all well!'¡ from the 
selection list. 

4. Click on OK. 

5. Select Map on the menu bar. 

6. Select Load Map and select one of existing maps, the 
names 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 you choose the op­
tion Select Points you must terminate the selection 
clicking on the button End Points. If you choose se­
lect Area you must terminate the selection clicking 
on End Are a. Do not forget to close the are a by se.lect­
ing End Point. The option Select In Rectangle auto­
matically closes the operation of selection. Notice 
that selected wells are listed in the selection window 
on the left side. 

9. Select Data. 

10. Select Make Data Group or Select Working Set, dec. 
pending on what you have decided to create. You 
will notice that a11 the wells that were selected from 
the map are still displayed on the left part of the win­
dow under "Unselected Item". Confirm the selection 
by clicking on Select All. 

11. Click on O K. 

This option is explained in Chapter 5, section 5.6. In the 
chemistry application you may create random módels 
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 sodium absorption ratio, or, in 
short, for every space-dependent item which has a nu­
merical value. This in turn perrnits you to crea te a con­
tour map for every such parameter. 

When this option is invoked the 
dialogue box, like the one shown 
in Figure 7-16, will be disphiyed. 
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 

~~ 

Figure 7-16 

points file, provided they have X and Y coordinates. 

The final option on the menu bar is Help. This is a con­
text-sensitive Wmdows-written help which explains al­
most everything explained in this manual. 

This is Example number three. The first task is to create 
a new data base with the following constituents in the 
base: 

• TDS 

: t~nductivity 
• Toluene 
• Phenol 
• Benzene 
• Iron 
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The second task is to transfer the following data into the 
base: 

• Well Identification- MW-1 
• Description- Monitoring Well at Farmland Landfill 
• TDS = 466 ppm 
• pH =8.2 
• Conductivity = 412 micromhos per cm at 25°C 
• Toluene = 4.5 ppm 
• Phenol = 2.4 ppm 
• Benzene = 2.3 ppm 
• Iron = 2.4 ppm 

You must follow the steps: 

l. Create a new data file structure. 

2. Crea te a new entry form. 

3. Type data into the entry form and the data base. 

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 Old. 

7. Select Chemistry. 

8. Move the cursor to Ca and click on the button Delete. 

9. Repeat with all constituentS, deleting one by one. Re­
tain only Well Ident, Fe (Iron), TDS (Total d.issolved 
solids), pH, and Conductivity. What remains may 
look as shown in Figure 7-17. • 

10. Click on New. 
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Figure 7-17 

11. In the dialogue box type Toluene in New Field. Re­
place the default 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 loo k 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. 
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Figure 7-18 

== =~ 

6. Select first New Field, Header, and type EXAMPLE 
THREE ... New Cherrúcal Data Base. Enhance this 
field by adding border, changing fonts and other 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 place. Change the default size, add 
border, change font to 12 or 14 points, boldface. 

8. Click on Description. Change attributes if you wish. 

9. Click on pH, then on TOS, then on Conductivity. 
Continue by selecting Toluene, Benzene, and finally 
Phenol. The form may look as showninFigure 7-19. 

10. When satisfied with the content and layout, click oh 
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 FacUity ChemicaJ Data Base 

1 Well Id.ent 1 
Deoiption 

1 ,, 1 TOS (ppm) 1 ConcnJC;tMty 

1 l'" 1 

IToluene ~-~ 1 Phenct 

1 

Figure 7-19 

5. Start typing, MW-1 in the Well ldentification field, 
followed by TAB. Continue with the description 
field, then with other fields. Always end a field with 
the TAB key. When finished, press PAGE DOWN. 
The cursor is now in the blank Well ldent field, wait­
ing for you to continue with another sample. If you 
press PAGE DOWN instead, or click with the mouse 
on MW-1 entry in the list of 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, close this application by se­
lecting Data, and Exit. 

EXAMPLE THREE .. Fannland Facllity Chemical Data Base 

Wellldent 

MW-1 

Desalpt!on 
Monitor1ng W811 on Farmland Facility 

I
TOS(ppm) ICondu~ 

2.40 . 466.00 . 412.00 

Figure 7-20 

8.20 
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7. Select Application again, and click on Master Data. 
Notice that the display contains only one well, MW-
1. The only information shared between applications 
is Description. The display is as shown in Figure 7-21. 

This ends example nurnber three. 

.Data lJ.nlts Beport Make Ranclom load ,Map .Help 

1n 

•'ht!H'"9* 

Master Data · · · 

Figure 7-21 
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8.1. GENERAL 

8-1 

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

l. Create a new well log by entedng drilling data 
(depths and lithologic description of drilled layers) 
and construction data (hole and casing diameters, 
screen position, materials filling annulus). 

2. Use the existing lithologic symbols for various li­
thologic members and/ or materials filling the annu­
lus or create new symbols directly on the screen. 

3. Display a welllog with its construction details on the 
ser e en. 

• 
· 4. Create a lithologic data base which will be used by 

other applications: the Cross Section, for creating li­
thologic cross section; the Fence Diagrams, for creat­
ing three-dimensional fence or block diagrams; and 
the Mapping application for creating various ran­
dom models and contour maps. 

5. Pdnt a welllog, using a default reporting form or 
forms that you created. 

This application works in conjunction with three exter­
na! ASCII files. One is named by default SCREEN.DLT, 
and for a new data base it must be contained in the GWW 
directory. It contains symbols for drawing a well screen 
and for painting both screen and blank casing. The other 
two files are named UTH.DLT and ANNULUS.DLT. The 
first file contains many pre-programmed lithologic sym­
bols for displaying and printing vadous lithologic mem­
bers. The second file contains several symbols that are 
commonly used in displaying materials filling the annu­

·lar·space between the drilled hole and well casing (such 
as conductor pipe, gravel pack, cement, clay, etc.). The 
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structure and details of these files are discussed in Ap­
pendixE. 

As in any other application of the GWW system, you 
may enter "dedicated" data for wells using this applica­
tion (lithology, construction details, materials filling the 
annulus, size of concrete block, etc.) and general data on 
a well using the Master data application (description, lo­
cal name, coordinates, 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. 

As shown in Figure 8-1, the major options on the appli­
cation's menu bar are the following: 

FigureS-1 

• Data 
• Well Log Data (abbreviated to W.L.Data) 
• Display 
• Construction 
• Report 
• Uthologic Units (abbreviated to Lith.Units) 
• LoadMap · 
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• Make Random 
• Help 

Each of these options is explained in detail in this chap­
ter. 

When the Well Log application is selected, the display 
Window consists of three main parts: 

Menu bar on the top, in one or two lines 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 currently in the working set, with 
the number of wells. The first number tells how manY. 
wells are currently in the working set, and the second 
number tells the total number of wells in the lithologic 
application of the data base. 

Entry form with information on the first well on the list 
oran empty form for a new data base. 

. ... 

The Data submenu is shown in Figure 8-2. The following 
options are available: 

• Select Working Set. 
• Delete Record. 
• General Data Units. 
• Change Entry Form. 
• Standard ASCII Input. 
• Standard ASCII Output. 
• Printer Setup. 
• Exit. 

You use Select Working Set 
option in the same manner as 
with any other application. lts 
use is explained in Chapter 5, 

General Data Y.nits 

Change Entry Fonn 

Standard ASCII Input 
Standard ASCII Qutput 

Printer Setup 

SWL 

FigureS-2 

-- .l ..• 
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Section 5.3. Its purpose is to reduce a large set with many 
wells toa smaller set of wells which may be selected for 
whichever reason. 

The general data units option permits you to (a) check 
which units yo u are =rently using, and (b) modify any 
unit. For additional instructions on selecting units, see 
Chapter 4, Section 4.5. 

To delete a record, do the following: 

l. Move the =sor 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 Dkey. 

4. A warning will be displayed giving yo u a chance to 
reconsider. 

You may use the default entry form as displayed in Fig­
ure 8-1, or any form that you may ha ve created following 
the steps explained in Chapter 3. To change the form: 

l. Select Data on the application's menu bar. 

2. Click on Change Entry Form. 

3. Select the form name from the list displayed in the 
dialogue box which you wish to use as your entry 
form. 

4. Click on OK. 

You will notice that the new form has replaced the de­
fault forrn. (This selection is done only for a new data 
base. The program remembers which entry form you 
have selected and will display it next time you.open the 
data base.) 

The option Standard ASOI Input is used for input of 
more than one well. This is to say that you may input 
one, two, or as many wells as you wish from one ASCII 
file.The ASCII file may contain lithology and depth in­
tervals, coordinates and elevations, construction details, 
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and static water level (SWL). If the file was created using 
the next option on the submenu, Standard ASCII Out­
put, the file would contain by default all wells in the cur­
rent working set including not only lithology but also the 
information on well construction, such as hole and cas­
ing diameters, screened intervals, and information on 
annulus. 

An ASCII file with welllog information may loo k as fol­
lows: 

WELL:P0-1 
X: 657900.00 
Y: 949000.00 
ELEV: 80.00 
ELEVM: 79.22 
UTH: 

13.000CLAY 
22.000 SANOF 
32.000CLAY 
37.000SANO 
44.000 GRAVEL 
63.000 SANOM 
7l.OOOGWS 
90.000CLAY 
101.000 SANO SANO MEDIUM GRAINED 
106.000 CLAY CLAY wmi SOME GRAVEL 
109.000 CLAY 

HOLE: 
10.000 0.600 
55.000 0.400 
109.000 0200 

CASING: 
10.000 0.500 

. 55.000 0.300 
108.000 0.100 

SCREEN: 
15.000 20.000 
26.000 32.000 

ANNULUS: 
10.000 CEMENT 
55.000 CLAYH 

109.000GWS 
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The option Standard ASCII Output is used to save data 
in standard ASCII files. The data saved will include, as 
mentioned earlier all wells. in the current working set, 
depth intervals, lithologic description, coordinates and 
elevations, and construction data. The format is the same 
as in the example above. For more detailed instructions 
on ASCII file read Chapter 5, Section S.S. 

The Printer Setup option is explained in Chapter 5, Sec­
tion 5.4. 

To edit depths and lithology data for a well that is al­
ready in the data base, do the following: 

l. Select W.L.Data from the application's menu bar. The 
only available option on the submenu 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 columns. The 
first is Depth. the 
second Lith. Unit. 
and the third Com­
ments. The depch 
value is the bottcm 
of the !ayer de­
scribed in Uth. Unit 
column. The code in 
this column must be 
listed in the ASCII 

Ihickncss Data 
Depth{Thick. !!nits 

lnscrt Row CtrH 
Delcte Row Ctrl-0 

Figure 8-3 

file which contains codes, description and symbols 
for each lithologic unit to be used in the data base. As 
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FigureS-4 

mentioned in 8.1., one such file will be copied to the 
GWW directory under the filename LITH.DLT. Its 
structure, symbol creation and color codes are ex­
plained in Appendix E. You need to know now that 
each code is unique, and that its name must be typed 
exactly the same as it is typed in the ASCII file con­
taining codes. If the code for sand is entered in 
urn.DLT file as SAND, in this table you must also 
type SAND. If you rnistype, or simply forgot the 
code, the program will stop and wait for a correét 
code. Also, if you type depth intervals out of se­
quence, the cursor will return to the wrong input. 
You will not be able to save the data unless you cor­
rect the input. 

NOTE. Codes are case and content sensitive. 

3. You may edit depth intervals, codes for lithologic 
units, and comments. You will notice that for sorne 
layers (intervals of depth) there is no comment, while 
in others there is additional description of lithology 
in the Comment colurnn. 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 LITH.DLT file (CLAY, SILT), and a description 
which will show on the display and on the printed 
welllog. This is one or more words after the symbol 
name. You have the option to have the default de­
scription of lithology typed on the welllog orto type 
something different and/ or expanded. If you decide 
not to type anything in the colurnn Comment, the de-

• 
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fault description of lithology will be used from the 
file Ulli.DLT. If you dedde 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 delimiters. The . 
number of characters or words you will be able to 
type within the column width will depend on what 
font size you have selected, and the width of the col­
umn for the lithologic description. 

4. For editing use keys TAB or ENTER to move to the 
next field, SHFT + TAB to return to the previous field, 
up and down arrows, or use the mouse cursor. 

S. When you have 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
lete a row. If. you wish to 
exit without saving 
what you have just ed­
ited, hold down the key 
CTRL and press the key 
X. 

When you are in the editing 
mode, you may click on 

W.L Data 
·< ' -~ ' ~- ., -~ 

ºepth Data 
!hicl:ness Datn 
Depth/Thiclc. !!nits 

lnsert Row 
Delete Row 

llave Log Data 
Exit (don'l s8ve) 

FigureB-5 

Ctrl-l 
Ctri-D 

Ctri-S 
Ctri-X 

W.L.Data again. Now all options are available, as shown 
in Figure 8-5. Normally your data are entered as depths. 
You may select the option Thickness Data, and your 
data in the table that you are editing will be expressed as 
a thickness. The option Depthffhick. Units allows you 
to change units for depths. When you select this option, 
the dialogue box will display a list of available units for 
length. Be careful, if you now select another unit, the 
depths currently in the data base will be multiplied by 
the corresponding conversion factor and expressed in 
new units. Make sure that this is what you wanted. 

• 
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8.4.2. Creating a New To create a new welllog, the procedure is the following. 
Log 

8.5. LITHOLOGIC 
UNITS 
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l. In the Entry form type the new Well Identification 
· name or nurnber, 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 already ha ve infor­
mation. Normally 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 you 
type a code for Lith. Unit, override the default de­
scription by adding another in the column Comment, 
hold down the CTRL key and press S. 

We will stop here beca use you need to know more before 
you can crea te a log. 

On the screen and in the report, the GWW program dis­
plays lithologic units as various symbols and colors. You 
do not need to add colors if yo u 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·before, these symbols are contained in a 
special ASCII file, named for the GWW by default as 
LITI-I.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 Uthological Unit 

• Standard ASCII Input 

• Standard ASCII Output ~~~~~~~~~~ 
• Delete Lithological Unit 

Figure8-6 

When creating a new data base you must start with the 
second option, Standard ASCII Input. The dialogue box 
will be displayed as shown in Figure 8-7listing all files 
with extension .dlt (stands for ".define lithology") in your 

lithological Units Standard ASCII Input 

lnputfilc 

Alename: II!ID 
==-------' 

Oirectory: C:\GWD 

A les: 

annulus.dlt 
lith.dlt 
scrccn.dlt 

Dlrectories: 

[ .. ) 
(-a-1 
[-b-) 
[-e-) 
(-d-1 
H-1 i-iñ-1 . 

FigureS-7 

1::; (lt•···•fl 

li;~~~ll 

current working direetory. In the case displayed there 
are three files with this extension: 
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ANNULUS.DLT, which contains severa! codes and 
symbols to be used for displaying materials filling the 
annular space; 

LITH.DLT, the main file with alllithologic units to be 
used in the data base; 

SCREEN.DLT, which contains two entries, one for 
screen and another for blank casing. 

Each of these files is either completely or partially repro­
duced in Appendix E. You 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. To do this: 

l. Select Lith. Units on the 
menubar. 

2. Select Edit Lithological 
U ni t. 

The screen will display a 
list with all currently avail­
able lithologic units. This is 
shown in Figure 8-8. The 
list is read from the file 
LITH.DLT which was used 
at sorne point in creating 
this data base. The first on 
this list is New Lith. U ni t. 

Figure8-8 

Editing of existing lithologic units is shown in Figure 8-9 
for a unit coded as CWIOS. The acronym is user-defin­
able. In this case it stands for "Clay With lnterbeds Qf 
.Sand". You may use anything, but acronyms or codes 
should be easy to remember. For this unit the default de­
scription that will be typed on the logis: CLAY with in­
terbeds of sand. You may modify this now, globally, for 
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Code !CWJOS 1 D Permeable 

Cocnm~ ¡cuy wlth intcrbeds al sand 

Figure 8-9 

every occasion in which the code CWIOS will be used. 
Or you rnay keep it as 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 lines and background. If either is se­
lected, a standard Windows cqlor palette will be dis­
played from which you may select an appropriate color. 
Yo u may also edit the syrnbol itself by adding points and 
lines 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 syrnbol. 

These steps allow you to designe new syrnbols or modify 
the existing ones directly on the screen. The steps neces­
sary to do this by modifying the ASCIT file LITH.DLT 
will be discussed in Appendix E. 

You may delete one or more lithological ucits. As shown 
in Figure 8-6, yo u should select the last command on the 
menu, Delete Uthological U ni t. The new dialogue box as 
shown in Figure 8-10 will open, with the list of all avail­
able lithological ucits. Highlight one or more of these 
ucits, as shown in Figure 8-11, and click on OK. The 
highlighted uruts will be removed from the list. 
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FigureS-lO 

FigureS-U 
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On the a pplica tion' s 
menu bar the command 
Construction has the fol­
lowing options, as shown 
in Figure 8-12: 

• Annulus 

• Hole 

• Casing 

• Screen 

• Constr. Units 

• Annulus Materials 

WELL LOGS & LITHOLOGY 

!;.asing 
.S. creen 

Constr.l,!nits 

Annulus Materials 

FigureB-12 

This last option branches into one of the three options, as 
shown in Figure 8-13: 

Annulus Materials Edil 
1 1 1 1 966800. o Standard ASCII !nput 

Standard ASCII ut 

FigureB-13 

• Edit 

• Standard ASCII Input 

• Standard ASCII Output 

NOTE. When editing existing data or entering new data (jor 
annulus, hale, casing, and screen), after typing the last entry 
do not press TAB or ENTER because this will open a new line 
which would remain blank. End input by holding down the 
CTRL key and pressing S (jor Save). If you do make a mistake, 
delete this blank line by holding down the CTRL key and press-
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ing D lfor Delete). Then use the combination of the keys CTRL 
and S to save. 

Using this option, you can transfer the data on various 
materials which fill the 
space between the casing 
and the hole, and specify G'f:~íl~··,·~·· mf!~~!!illrLi~@!~ 
the depth intervals for f.! 
each of these. The display 
willlook as shown in Fig-
ure 8-14, with two columns: 

• Ending Depth 

• Annulus 

FigureB-14 

In the column Annulus you should type the code forma­
terial filling the annular space (conductor, cement, clay 
seal, bentonite, gravel pack, gravel, sand, etc.). The code~ 
you select here must have been already entered into the 
data base using the last option on this pop-down menu, 
Annulus Materials. Again it is essential that you 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 column Ending Depth, you should type the end' 
of the interval filled with materials selected under the 
column Annulus. 

When you select this option and the information, 
the display may look as.,:s~h~o~w::_n~in~~~.;:8;-1~5::.:_. ___ , 

FigureB-15 

' ,· 

. ' 
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Similarly, selecting the option Casing and typing infor­
mation the display may look as shown in Figure 8-16. 

, Figure 8-16 

For the screen you 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 rnay 
look as shown in Figure 8-17. 

You may select dif­
ferent units for 
length and for vari­
ous diarneters. The 
option fór this is 
Constr.Units on the 
Construction menu, 
which branches into 
two suboptions as 
shown in Figure 8-
18. 

Figure 8-17 

FigureB-18 
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If you wish ,the display and print to show the annular 
space filled with materials using symbols and colors, 
plus the description, you must read in the standard AS­
CII file which contains these syrnbols. Remember that 
the GWW program looks for two separate ASCII files, 
one for lithology and another for annulus-filling materi­
als. 

Yo u may display a welllog at any time. It may show only 
intervals of depth without any description and syrnbols. 
This will happen if you did not input the ASCII file with 
cedes, syrnbols and description of lithology. It may dis­
play intervals, lithologic symbols and description of 
units but without any construction details. This will hap­
pen if you didinput the lithology ASCII file, but not con­
struction details. It may display construction, 
annulus-filling materials, and lithology, as shown in Fig- . 
ure 8-19, if yo u ha ve all associated files in the data base 
and ha ve entered construction information. (The display 
will even show the height at scale of a concrete block on 
the surface.) 

To display a drilling and construction log of a ,well you 
should: 

L Select, using cursor or up and down arrows, the well 
that yo u wish displayed. 

2. Select Display from the menu bar. 

The log will be displayed without any further interven­
tion. Once displayed, you may zoom a portien, or use 
the option Fit Wnd (Fit Window). Notice that the hori-
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FigureB-19 

zontal and vertical scale of a log will depend on what 
. you have selected in your Entry form. Assuming that 

you are going to print using the USA letter format, that 
is 8.5xll inches, with the standard default form created 
by the programmer for the GWW package you will have 
20 cm for the log. For a well 100 m deep 1:500 would be 
an adequate scale. If you want to print a well about 200 
m deep yo u should change the scale to 1:1000. Assuming 
a well was drilled with 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 scale you have se­
lected, at the expense of other columns. If you have too 
much text to type in a narrow colurnn (lithology or an­
nulus), change fonts selected for typing. See Chapter 16 
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Customization for selecting fonts for the display and 
printout of a welllog. 

You may display static water leuel, or any water leuel on the 
lag. Prq;are your Entry form with the entry SWL. (You should 
have first "created" this ítem to be a part of the data base using 
the Data Structure Editor for Lithology.) Remember to type 
the SWL as absolute eleuation, not the dq;th to water table. 
This value will be subtracted from the measuring point eleua­
tion (Zm) or land surface eleuation (Z) and displayed as a line 
with inverse triangle in the column describing lithology or 
well construction. 

8.8. REPORT You may print a welllog using the option Report from 
the application's menu bar. As shown in Figure 8-20 you 
will have to select between two reporting options: 

• PrintLog 
• Print Table 

The option Print Lag will print 
the log of the well currently se­
lected. The option Print Table 

. will print information, in a tabu­
lar form, for a11 wells that com­
prise the current working set. 
The information which will be 
printed will depend on whatyou 
ha ve declared in the report form. 
When you select to print using 
one of options in the upper two 

Seled l.Dg Fonn 
SdedT1ble Fnnn 

Omring Dimension 

FigureS-20 

lines of the menu, the program will prompt you to select 
a reporting form. The next two lines of the menu do the 
same, except you must first select a reporting form and 
then decide to print by clicking 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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first for a reporting form, and then displays the length of 
the log and the number of pages it will be printed on. 

You may also save a welllog drawing for placing it on a 
nonstandard reporting form, eventually mixed with 
other graphics. For this, you use S ave Well Log Drawing 
option, followed by Print Nonstandard Report from this 
or another application. 

This option is explained in detall in Chapter 5, subsec­
tion 5.3.2. It is used to select a working set, or wells to 
work with directly from a map. 

This routine is explained in more detall in Chapter 5; Sec­
tion 5.6. The program will allow you to select any one of 
the space distributed numeric parameters available for 
this application, including sorne that may have no mean­
ing for contouring ( e.g., scales, size of concrete block, 
etc.). Likewise, the static and dynamic water levels (SWL 
and DWL) may have no meaning if they were taken at 
different dates. 

You may decide to include for your project sorne pa­
rameters that will define the thickness of a major aquifer, 
the elevation of its top or bottom, or the elevation of a 
major stratigraphic unit. With this information in the 
data base you may contour or place various elevation 
lines on lithologic cross sections. 

With the data currently in the welllog part of the data 
base, the only parameters that are space-dependent and 
ha ve numerical values are the ones shown in Figure 8-21. 
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The final option on the 
menu bar is Help. This is a 
context-sensitive Windows­
written help which explains 
almost everything ex­
plained in this manual. 

Random Mdl. Variable 
SWL 
DWL 
ConcrBioclcDx 
ConcrBioclcDy 
ConcrBioclcH 
Above GS 
Vert.Scale 
Hor.Scale 
X 
y 
z 
ZM 

FigureB-21 

As an example you will create a welllog for the follow~ 
ing case: 

Uthology (in feet): 

0-10 Clay 
10-16 Sand fine grained 
16-22 Sand with grave! 
22-36 Clay 
36-48 Sand 
48-55 Silt 

Hole djameter: 

0-10 12 inches 
10-55 6 inches 

.. 

• :.!: 
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Casing diameter: 

0-10 6 inches 
10-55 3 inches 

WELL LOGS & LITHOLOGY 

Screen set in two intervals: 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 lithology description and annulus-filling ASCII files 
use_the default files: U1H.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 program 
uses its default. When this is done, continue as follows: 

l. Select Lith.Units. 

2. Select Standard ASCII Input. 

3. Click on the file name Lith.dlt in the \GWW directory. 

4. Select W.L.Data from the menu bar .. 

5. Select Edit Log Data. 

6. Select again W.L.Data. The whole menu is now avail­
able. 

7. Select Depth!I'hick.Units. 

8. Double-click on feet. Notice that the depth column in 
the table is now in feet. 

9. Type 10 and press TAB. 

lO.Type CLAY (with all upper-case letters). Press TAB. 

ll.Type 16, press TAB; type SANDF and press TAB. 

12.Type 22, press TAB; type GWS (acronym for grave! 
with sand), press TAB. 

13.Type 36, press TAB; type CLAY, press TAB. 

14.Type 48, press TAB; type SANO, press TAB. 
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15.Type 55, press TAB; type SILT and do not press TAB. 
If you press it and there is a blank line for one more 
layer 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 

FigureS-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, select Construction, then Con­
struction Units. Double click on feet. Notice that the 
table displays feet units. · 

23.Type 10 and press TAB, then type CEMENT and press 
TAB. 

24.Type 55 and press TAB, then type GWS. The screen 
displays the table as shown in Figure 8-23. 

25. Hold down the CTRL key and press S to save the 
data. 

26. Select Construction again and select Hole. The table 
opens but with metric units. Select Construction, 
then Construction Units and double click on feet. 
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MW-1 - Annulus 
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FigureS-23 

27. Type 10 and press TAB, then type 1 (one foot) and 
pressTAB. 

28. Type 55 and press TAB, then type 0.5 (for 6 inches 
expressed in feet). The table as shown in Figure 8-24 
is displayed. 

29. Hold down the CTRL key and press S to save the 
data. 

FigureS-24 

30. Select Constructiori 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· of units. 

32. Type 10, press TAB, type 0.5 (6 inches, in feet). 

33. Type 55, press TAB, type 0.25 (3 inches, in feet). The 
table as shown in Figure 8-25 is displayed. 

34. Hold down the CTRL key and press S to save the 
data. 
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FigureS-25 

35. Select Construction again, then select Screen. Notice 
that units are meters. 

36. With the table open, select Construction, then Con· 
struction Units. Double click on feet. Notice that the 
table 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. 

¡-----¡;¡w:¡::s~-~ 

FigureS-26 

39. Hold down the CTRL key and press S to save the 
data. 

Now that all informationfor this well has been inputted, 
you may display the log. Select Display. Practice with 
Zoom In, Zoom Out, and Fit Wnd (Fit to Window). The 
log may look on the screen as shown in Figure 8-27. 

This ends example four. 
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CHAPTER NINE . PUMPING TEST APPLICATION 

9.1. INTRODUCTION 

9 .l. l. General 

9-1 

1 

Using the Pumping Test application from the main menu 
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 display options: 

(a) both time and drawdown coordinate axes are at 
logarithmic scale; 

(b) both time and drawdown coordinate axes are at 
linear scale; 

(e) time (abscissa) is at logarithmic scale, and draw­
down (ordinate) is at linear scale. 

4. Print the results in one of the following forms: (a) table 
form with general data on wells and hydrogeologic 
parameters, (b) table form with measured and fitted 
data for one well, and (e) standard reporting forms 
showing the pumping test data and fitted curve. 

5. Prepare the data on hydrogeological parameters for 
contouring. Normally you would like to produce a 
contour map of transmissivity, or prepare an input 
data file with transmissivities and hydraulic conduc­
tivities to be used for modeling. 

.. 
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Mode The program pemúts you 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 
derived by Jacob: 

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 program permits partial 
penetration of pumped or observation wells. In the 
case of partial penetration, you will be prompted for 
additional input, such as the depth to the top and 
bottom of a well screen from the top of aquifer in the 
pumped well, as well as the same for an observation 
well. 

The program has four major curve fitting routines: 

(a) Theis, using the standard well function [W(u)] curve 
fitting method; 

(b) Jacob's approximation of the Theis solution; 

(e) Hantush, using the standard leaky well function 
[W(u,r/B)] curve fitting method; 

(d) Recovery method. 

In 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 approximation equation and 
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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 valid only when a certain condition is satisfied. 
This condition is contained in the size of the well func­
tion's argurnent. The argurnent u is defined as: 

u=?S/4Tt 

where r is the distance between pumped and observa­
tion wells, t is the time of pumping, and T and S are aqui­
fer parameters transrnissivi ty and storage coefficient, 
respectively. 

This condition, expressed as the well function's argu­
ment u being less than about 0.01, implies that the dis­
tance between pumping and observation well, r, should 
be small or the time of pumping large. For a certain range 
of the aquifer parameters, namely the transrnissivity T 
and the storage coefficient S, this condition will not be 
satisfied. For example, the Jacob's approximate solution 
will not be valid for the following set of values: 

r=500 m; S=0.10; T =500m2 1 da y; t from 1 to 100 days. 

The pumping test does not need to be run with a per­
fectly stable pumping rate. Pumpingrate fluctuations 
are allowed and curve fitting will take them into account 
provided the history of pumping is known (exact rates 
and times of changing rates). Theoretically, l:he method 
can be used for the whole step-drawdown test as well. 

You may skip any test data from curve fitting. These 
points wiU still be shown on the screen and on the 
printed graph but with a different symbol and color. 

The 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 1 da y, and the drawdown 
after the first minute was 2.34 m, after the second minute 
3.21 m, etc., the data input must look as follows: 

Time 

o 
DrawdowRate 
n 
o 2500 

Skip 

1 
2 

2.34 
3.21 

However, you may type a positive value for the drawdown at 
time zero (row one) indicating that you wish the program to 
accept this as the initial static water leve l. This level is actually 
the depth to the water from the measuring point (top of casing, 
ground surface, top of concrete block, etc.). Every other value 
in the second column (" drawdown" column) will be 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 is constant. Only when it changes, the change 
should be typed. 

In the case of the recovery of water levels after the pump 
stopped discharging, the convention is the following: 

You must provide the history of pumping during the 
pumping stage, ending the pumping with the line con­
taining the final time of 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 total time elapsed from the beginning of 
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 1 da y and the final 
drawdown was equal to 1.00 m, and then the pump was 
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shut off and the recovery measured, the data input must 
be the following: 

o 
240 
241 
242 
243 
245 
247 
250 
255 
260 
270 
280 
300 
320 
340 
380 
420 

0.00 
1.00 
0.89 
0.81 
0.76 
0.68 
0.64 
056 
0.49 
0.45 
0.38 
0.34 
028 
024 
021 
0.17 
0.14 

2500 
o 

· (This is the example from D.K.Todd's book Groundwater 
Hydrology, 2nd edition, 1980, page 133. The manual 
matching produced the transmissivity equal to 1140 
m2 1 day, and this program 1162 m2 1 da y.) · 

With the Theis method for a nonleaky aquifer, the fitting· 
method produces the values of transmissivity and stor­
age coefficient. Using the Hantush method for a leaky 
aquifer, the fitting method produces the transmissivity, 
the storage coefficient and the leakance or leakage coef­
ficient. While the physical meanings and interpretation 
of the transmissivity and storage coefficients is well 
known and fully explained in any basic textbook on hy­
drogeology, the leakage coefficient needs an explana­
tion. 

The leakance or leakage coefficient. defined as K' /b', 
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. 
This coefficient is defined as the quantity of water that 
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flows across a unit area of the boundary between the 
main aquifer and its semiconfining bed, if the difference 
between the head in the main aquifer and that of the 
ponded water supplying leakage is unity (De Wiest, Geo­
hydrology, 1965, page 274). Usual! y the values of the leak­
age coefficient are expressed in 1/time unit, that is in 
day-1

, or sec-1. Hantush reported values between 
4.8x10-8 sec-1 to 10-10 seé for an artesian basin in New 
Mexico, while Walton reported values from 3.5x10-7 

sec-1 to 8x10-9 sec-1 for glacial drift deposits in Illinois. 

The recovery method will produce only the transmissiv­
ity coefficient. Although it would be relatively easy to 
report the storage coeffident as well, the programmers 
restricted the analysis to transmissivities following the 
classical approach to the recovery part of the test. 

In general we do not know beforehand whether an aqui­
fer is leaky or nonleaky. You should try both methods, 
Theis and Hantush, and accept the one which produces 
a better fit. The quality of fit is printed as the Estimation 
Error entry. This is, in essence, the standard deviation. 

Although the GWW package has its system of units in 
the file GWW.UNT, you may override the basic units in 
every part of the program. For the pumping test applica­
tion this is more important than for other applications, 
beca use this application involves calculation of parame­
ters which must be done in a consistent system of units. 
You should not be concerned with the consistency. The 
program tal.<es care of this. But you must have control 
over your input data by knowing in which units you are 
actually transferring the data. You must also specify in 
which units you wish to have the results for the parame­
ters. 

As you will soon notice, the program permits you to 
modify general units and measurement units. The gen­
eral units are the units for transmissivity and leakance, 
for average pumping rate to be reported on the form, 
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and for various geometric input parameters in the case 
of partial penetration and unconfined aquifer. The rneas­
urernent units are the units for time, drawdown and 
pumping rate. The units you select for rneasured data 
will be displayed in the editing table. The general units 
will not be displayed on the screen, nor in reporting 
forms. Yo u must be sure of which units yo u ha ve selected 
and label them properly by modifying the default re­
porting forms. 

As shown in Figure 9-1, the major options on the appli­
cation's menu bar are the following: 

,. 

• Data 

• Edit 

• Fit 

• Display 

• Report 

• Make Random 

• LoadMap 

• Help 

, , , Pumplng Tests (c:\gwd\tcsU .g 

Wellldent 
PT-1 

Obs. Well D1stanée -
Figure 9-1 

Average Pump1ng Ra 

2500. 0( 
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Each of these options, except options Make Random and 
Load Map, is explained in detall in this Chapter. Make 
Random is discussed in Chapter 5, Section 5.6; Load Map 
is discussed in Chapter 5, Section 5.3.2. 

When the Pump Test application is selected, the display 
window consists of three main parts: 

• Menu bar on the top. 

• List of wells on the left currently comprising the 
working set, with two numbers at the top referring to 
the number of tests in the current working set and the 
total number of pumping tests in the data base. 

• Entry form with information on the first well on the 
list oran empty form for a new data base. 

Only certain fields on the entry form are available for 
input. These are Well Ident (or identification of a well), 
Description of the well, and Obs. Well Distance. In all but 
the recovery method, yo u will be reminded to input this 
parameter if you forget to do so before fitting. 

Other fields on the form are reserved for reporting the 
results, and you will not be permitted to modify them. 
These are the fields reporting the transmissivity, storage 
coeffident, leakance, estimation error, initial saturated 
thickness, and the fit method. 

NOTE. lf you wish to keep in your data base transmissivity, 
storage coefficients, /ea/amce, hydraulic conductivities, etc. 
which you may modify or input without accepting the results 
from pumping tests, you must modify the data structure inter­
na/ file (see Chapter 2) and reporting forms (see Chapter 3). 
However, be careful not to assign to these new en tries the same 
field name as in the default structure. Remember that the de­
fault field names are transmissivity, storage, /ea/canee. If you 
wish to have double parameter for transmissivity, you may add 
to the data structure TRANS, place this entry on your entry 
and reporting form, type the value that you wish to accept as 
the representative value for the transmissivity into this 
TRANS field in the entry form, in addition to the value pro­
duced automatically by the test, and create the same field on a 
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new reporting fonn in which the transmissivity as selected by 
you will be reported. This may become important if you wish 
to create a transmissivíty con tour map by using pumping tests 
results for a certain number of wells, by using calculated 
transmissivities from grain size analyses, and by assigning 
transmissiv#ies on the basis of well performance or mere/y the 
lithology. 

The Data submenu is shown 
in Figure 9-2. The following 
options are available: 

• Select Working Set. 

• Delete Record. 

• Select Entry Form. 

• General Data Units. 

• Print Setup. 

• Exit. 

j!elect Entry Form 

General Data !!nits 

Print Setup 

Figure 9-2 

You use Select Working Set option in the same manner 
as with any other application. Its use is explained il) 
Chapter 5, Section 5.3. Its purpose is to reduce a large set 
with many wells to a smaller set of wells which may be 
selected for whichever reason. 

To delete a record, do the following: 

l. 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 C'IRL key and 
press D key. 

4. A warning will be displayed giving yo u a chance to 
reconsider. 
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You 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 OK. 

As explained in Section 9.2., in the pumping test applica­
tion it may be important to design another entry form 
which would give you an opportunity to type sorne ad­
ditional values, such as for transrnissivity, hydraulic con­
ductivity, storage coefficient, leakance, conductivity of 
serni-confining bed, thickness of serniconfining bed, etc. 
These values 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 form. Re­
member that the slide bar 
on the right indicates that 
there are more entries than 
what is displayed. Most of 
these parameters will ap­
pear on the entry and re­
porting forms. When you 
select any of these parame-

PAaieWsJ 
"'""] 
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Figure 9-3 

ters, you will be offered the full choice of units, al! units 
that are specified 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. 

The submenu Edit looks as shown in Figure 9-4. To start, 
you should selector confirm the units of measurements 

Edit Measurements 
Standard ASCII Input 
Standard ASCII Qutput 

lnsert Row 
Delete Row 

.§.ave Measurements 
f1gt (don't save] 

CtrH 
Ctri-D 

Figure9-4 

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 ha ve seleé:ted will be 
displayed in the editing table. This is shown in Figure 
9-6. 

Using the option Edit Attributes you may define your 
pumping test and aquifer scenario. The display as 
shown in Figure 9-5 looks like this only if you click on 
Partial Penetration box ahd declare the test as a partial 
penetration setup. If yo u do not select Partial Penetration 

... 
·• 



CHAPTER9 

box, the dis­
play will offer 
only the Con­
fined box. Ac­
tually, the 
following com­
binations are 
possible: 

(a) Confined 
aquifer box 
clicked. 
The box is 
"crossed". 
Partial 
penetration 
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L._ _ _.] m 

IPun•pi"ngWell Data. from Top of Aquifer ... 

... to Top of Sc:reen c==J m 

... to Bottom of Saeen c==J m 

IDb••cMotion Well Data. from Top of Aquifer •.. 

... to Top of Saccn c==J m 

... to Bottom of Saccn c==J m 

Aqulter Thh:tncss m 

Figure 9-5 

box is not clicked (it is empty). No other input is re­
quired. 

(b) Both the confined aquifer box and partí al penetration 
boxes are empty. The case is of an unconfined aquifer. 
You must type the value for Initial Saturated Thick­
ness. 

(e) Both confined aquifer box and partial penetration 
boxes are clicked. The display is as shown in Figure 
9-5. You do not fill the box for Initial Sat. Thickness, 
but you must fill in all boxes imderneath, depending 
on whether you ha ve measured data from the pump­
ing well or from observation well. 

(d) Confined aquifer box is not clicked (the case is of a 
unconfined aquifer). Partial penetration box is 
clicked. You must type the value for initial saturated 
thickness and all required information for partial 
penetration. 

9.4.3. Edit When you select the Edit Measurements option, the edit 
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Measurements table is displayed. It may contain data as shown in Fig­
ure 9-ó, or it may be empty prompting yo u for input. No­
ti ce the units displayed in the header. These are the units 
you have 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, 
ormouse. 

NOTE. Remember 
that you must not 
press TAB or EN­
TER when you fin­
ish typing of the 
last data input. If 
you do a new line 
will automatically 
be opened. Since it 
would be blank the 
fitting would fail. 
For this not to hap-
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Figure 9-6 

• 

pen the program will warn you to delete the line. To delete any 
line, including the last blank line, you hold doum the CTRL 
key and simultaneously press D . 

.. 

You do not need to keep repeating the pumping rate 
value. Only if it changes should you type the new value. 
The "Skip" column allows you to eliminate sorne pointS 
from the calculation of the fit. Type * on the row you wish 
to elimina te. 

You may input pumping test data from an ASCII file. 
This should be a standard ASCII file, with time, draw­
down, and pumping rate values separated by a comma 
or one or more spaces. The order of input is important: 
time, drawdown, pumping rate. When you choose the 
option Standard ASCII File the box prompting yo u to se­
lect a file"will be displayed as shown in Figure 9-7. The 
program assumes that the extension of su eh files is .pmp, 

·'· 
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Standard ASCII 
Output 
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but you may change 
this by typing your 
own wildcard combi­
nation. 

The normal procedure 
in creating a test set 
would beto: 

l. Crea te a test well en­
try by assigning 
well identifica tion, 
typing in -descrip­
tion, and typing the 
distance to observa­
tion well. 

PUMPING TEST APPLICATION 

---·· -·-···--·-------¡ 
1-'umpthq le~Stand:n¡:tA~tlllnptil , 

Alcaame: liimlll 1 ltáiiN 
Dlredlny C:\GWD liiiiik<!~l 
Files:: Dlrecblries: 

asc.pmp 

~ ~ 1 

grtdley.pmp 
p-545.pmp 
rec.pmp 
sagarll.pmp ¡,.: 
testhan.pmp b 
thels.a,.;., ¡¡ 

Figure 9-7 

2. Select Measurements Units for time, drawdown, and 
pumping rate. 

3. Select General Data Units. 

4. Set Edit Attributes for the test. 

5. Input standard ASCII file. 

This option provides for saving test data that you have 
entered from the keyboard or that you may ha ve edited. 
When used, you will be prompted for an ASCII file 
name. The data are saved in a format which may look as 
follows: 
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1.000 
2.000 
3.000 
5.000 
10.000 
15.000 
20.000 
25.000 
30.000 
45.000 
50.000 
55.000 
60.000 
62.000 
64.000 
66.000 
68.000 
70.000 
75.000 
80.000 
90.000 
120.000 

0280 
1.040 
1.775 
2.956 
4.894 
6.142 
7.059 
8.158 
8.720 
9.346 
9.674 
9.967 
10230 
10.119 

·9.940 
9.826 
9.754 
9.707 
9.657 
9.658 
9.652 
12.151 

500 

400 

The results Óf thls test are interpreted in the following 
way. The well was pumped at a constant rate of 500 
m3 1 da y in the first 60 minutes. In the second hour the 
pumping was at a reduced rate of 400 m3 1 da y. The test 
terminated after two hours of pumping. 

The GWW package contains four methods of fitting 
data: Theis, Jacob, Hantush, and 
Recovery. This is shown in Figure 
9-8. Yo u must not use the recovery 
method if the data are not pre­
pared for the recovery. You may 
use either Theis or Hantush on 
the same set of data and see the 
difference in fitting. 

Method 

Figure 9-8 

'· 
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Ea eh of the methods works in iterations. The fitting starts 
with values of transmissivity and storage coeffident as 
initial guesses calculated using the Jacob's approxima­
tion. Since the fit for the Theis method is a two-parame­
ter iterative algorithm (transmissivity and storage 
coeffident), it is much faster than the Hantush method 
which is a three-parameter algorithm (transmissivity, 
storage coeffident, leakance ). If, on top of this, yo u select 
a partial penetration case, the processing may take sev­
eral minutes on relatively fast computers (82486 running 
at33MHz). 

In rare cases it may happen that there will be no fit in a 
pre-spedfied number of iterations (set at 100). This will 
be the case when test data do not come close to theoreti­
cal expectations of a normalleaky or nonleaky aquifer. 
However, if you notice at the first iteration that the esti­
mation error is labeled with five or more asterisks, your 
data file is not corred. This will be the case if you have 
not followed conventions as specified before, you have a 
blank line in the data file, or, in the case of the recovery 
method, you have not typed cumulative time. 

If the fitting was OK, the results will be typed into the 
entryform. 

The display is used for (a) viewing field data before fit­
ting, and (b) displaying the fit. 

You may wish to view the test data to check for errors in 
typing or measurements. Tune data will be OK since the 
editor will_ warn if sorne input data lines are out of time 
sequence. But the drawdown data may be mistyped or 
behave erratically. In that case the fit will not make sense 
unless you modify the data. One of displays of field data 
is shown in Figure 9-9 before the fit. 
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Figure 9-9 

Before accepting the results, you will want to see how 
data are fitted. After you select the option Display you 
are asked to select 
one of three patterns 
(see Figure 9-10): 

• time at logarith­
mic scale, ·draw­
down at linear 
scale; 

• time and draw­
down at logarith­
mic scale; 

Figure 9-10 

• time and drawdown at linear scale. 

Notice that the printout will always be in sernilogarith­
mic scale. on·e of fitted sernilogarithrnic displays is 
shown in Figure 9-11 for the Hantush fitting method. 
Notice the difference of display for points that have been 
skipped. On the color screen this is even more obvious. 

·, 
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Figure9-11 

By selecting the Report option from the menu bar you 
may print the following: 

• Fit graph showing field or measured data and the fit­
ted curve, along with results and other information 
that you selected to put on the report form. 

• Atable for a single well displaying measured data, 
fitted data, the difference between the two, time, 
pumping rates, and any other parameter that you de­
cided to put on the reporting form. 

• Atable for all wells making the data base or working 
set displaying sorne general data such as wells' iden­
tifications, descriptions, coordinates, elevations, 
transmissivities, storage coefficients, leakance, etc. 

The submenu for reporting is as shown in Figure 9-12. If 
you select the upper option, Print Fit, the standard re­
porting form will be used including sorne general infor­
mation about 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 day·1. 

PUMPING TEST APPLICATION 

Figure 9-12 

• Pumping rate in m3 1 da y. 

You may need to modify this form for another set of 
units. [The modification is done using Tools from the 
main menu, followed by Report Forms Editor0 then 
Pumping Tests, and Single Record Form, File, Old,. 
Standard form.] 

If you select the option Print Fit, you will not be 
prompted to select a reporting form. 

Similar! y, using the option Print General Data Table the 
standard report form will be assumed, and you will not 
be given the chance to replace it with another form that 
you may have created. 

The middle two options are used to first select a report­
ing form, and second to print the form. Select Fit Form 
is intended to print a report that is prepared for a single 
well, and Select Table Form is intended to print a report 
that is prepared for all wells in the working set. 

In the GWW.OOO template data base, three reporting 
forms ha ve been prepared by programmers to report fit­
ted data. When you select the option Select Fit Form you 
will be asked to choose from the list of forrns as shown 
in Figure 9-13. The 'PartialPenetration' form refers toa 
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pre-designed form 
which reports all in­
formation about the 
test setup. The 
Standard form 
should be used for 
fully penetrating 
wells. It will report 
either Theis, Han-

PUMPING TEST APPLICATION 

Partia1Penetnll1ion 
Standard 
Toblc 

Figure 9-13 

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 
columns with time intervals, measured and fitted draw­
downs, drawdown differences, pumping rates etc. One 
column will also show whether a point was skipped or 
induded into the fit. 

For each type of reporting, whether for single test or for 
all tested wells, you may crea te more than one 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 name. When 
the Select Fit Form or Select Table Form option is in­
voked, all these forrns will be listed for you to choose 
from. 

Yo u may use the option Select Diagram Type to print the 
test data using one of three types, as shown in Figure 
9-12. 

Save Diagram is used to save the currently displayed 
diagram for printing using the Nonstandard Report op­
tion. As m·other applications, you will be prompted to 
save the graph under a name, and to decide on the dia­
gram size. 

9.8. MAKE RANDOM This routine is explained in more details in Chapter 5, 
Section 5.6. The program will allow you to select any one 

9-20 
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of space distributed numeric parameters available for 
this application, including sorne that may have no mean­
ing for contouring (such as e.g. average purnping rate, 
geometrical parameters referring to the position of 
purnping and observation well screens, etc.). Normally 
what you will want -to prepare for contouring will in­
elude transmissivity, hydraulic conductivity (if you de-. 
cide to keep this parameter in data base), saturated 
thickness 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 implying 
changes at every point. 
The random variable of­
fering may look as 
shown in Figure 9-14. 

LOAD MAP This option is explained 
in details in Chapter 5, 
subsection 5.3.2. It is 
used to select a working 
set, or individual wells to 
work with, directly from 
amap. 

Figure 9-14 

9.10. HELP 

This is context-sensitive on-line help which guides you 
through various options and procedures. 
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In this example you will crea te a pumping test entry, use 
the editor, fit the Theis curve to data, display the test and 
print results. The test data are taken from DeWiest's 
book Geohydrology, 1965, page 264-266. The author as­
sumes that this test is a good example of a nonleaky aqui­
fer. The example is as follows: 

A complete! y penetrating well is pumped at a 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. 

Tune Drawdown Pumping 
Rate 

(min) (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 

The procedure is as follows. 
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l. From the main menu bar in the GWW select Appli­
cations. 

2. Select Pumping Tests. 

3. Select Data, and click on General Data Units. When 
the window Change Units for ... is displayed click on 
Distance, confirm with OK and select feet, then click 
. on AvgPRate, again OK and select gpm, then click on 
Duration and select minutes. Click on Transmissiv­
ity and select gpd/ft. Select 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 Distance 
field; press TAB. 

5. Notice that the well list contains the well number 
DW-1. Click withmouse on DW-1 in thewelllistwin­
dow. 

6. Select Edit, followed by Measurements Units. Click 
on Time and select minutes. Repeat the procedure 
(Edit, Measurements Units) and select Drawdown. 
Click on feet. Repeat once again, select Pumping rate 
and select gpm. 

7. Go once again to Edit and select Edit Attributes to 
confirm that the Confined Aquifer box is crossed (if 
not click inside the box), and that Partial Penetration 
box is empty. 

8. From Edit menu select Edit Measurements. Check 
that the time is in min, drawdown in ft, and pumping 
rateingpm. 

9. Start typing. Type O in Time colurnn, press TAB, type 
O in Drawdown column, press TAB; type 500 in 
Pumping Rate colurnn, press TAB twice. The cursor 
should be in first colurnn of the line two. 

10. Type 2 in Time colurnn, press TAB; type 1.2 in Draw­
down colurnn, press TAB; press TAB twice to move 
to the line 3. Type 3, press TAB; type 1.9, press TAB; 
press TAB twice more to move to the next time in­
terval. 
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11. Type 4, press TAB; type 2.45; press TAB three times. 
DW-1 

12. Keep typing until 
the last line, type 360 
in Time column, 
press TAB; type 10.8 
in Drawdown col­
umn. Stop here. The 
screen should dis­
play as shown in 
Figure 9-15. lnstead 
of pressing TAB 
save the table by 
holding down the 
CTRL key and 
pressing S (for save). 

~ 500 .. 

13. You are back in the 
application's main 
menu. Select Dis-
play to look at what 
you just typed. Se-
1 e ct Log-Lin Dia­
gram. The screen's 

2 
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Figure 9-15 

display should look as shown in Figure 9-16. 

' 
' 
' 
' 
• 

• 
• 
' 
• 
• 1 

• • • • • ' • 

Figure 9-16 

1 ._ 
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14. Click on Oose on the right side to remove the dis­
play. 

15. Select Fit, followed by Theis Method. Wait until the 
results are displayed. The screen should look as 
shown in Figure 9-17. Notice the results: 

Figure9-17 

• Transmissivity = 27,175.74 gpd/ft 

• Storage coeffident =0.000295 

• Estima te Error = 0.67 ft. 

16. Select Display. Select Log-Lin Diagram. The fitted .. 
curve is as shown in Figure 9-18. Not too good! 

17. Print results by selecting Report and Print Fit. 

18. Check whether this may be a leaky aquifer case. First 
remove the diagram from the display by clicking on 
Clase. 

19. Select Fit followed by Hantush method. Wait until 
the processing is finished and notice the results: 

• Transmissivity: 16,177.67 gpd/ft 

• Storage coeffident = 0.00043 

• Leakance = 0.006161/day 

=- lL 



9-26 

CHAPTER9 PUMPING TEST APPLICATION 

' ' 
1 

,_ 
' 
' 
• 

' ~ 1 

' 
' 1 

' ' 
• 
• 
o . ' . • • ' " "" 

Figure 9-18 

• Error estima te= 0,14 ft 

20, Look at the fit Select Display, followed by Log-Lin 
Diagram. The display is as shownin Figure 9-19. No­
tice that the fitis m u eh better. Yo u do not need to loo k 
at the display. The comparison of Error estimates is 
sufficient to tell you which method fits better. 

Finally compare the results from the book with these re­
sults. Transmissivity in the book is equal to 20,500 
gpd/ft, storage coefficient is equal to 0.000315. While 
storage coefficients are of about the same order of mag­
nitude, the "nonleaky" transmissivity is overestimated 
for about 26%. It appears that the aquifer is less transmis­
sive, but a portien of pumped water is supplied from 
leakage. _ 

This ends the example. 
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Using the Hydrographs applicationfrom themainmenu 
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 all water 
leve! points in the data base or select a "connection" 
span, leaving "unconnected" points as random 
points on the hydrograph. 

4. Print the results in hydrograph forms with general 
data on wells as a header and one or more graphs 
and location maps. 

5. Interpolate.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 displayed 
on hydrogeological cross sections. 

As shown in Ffgure 10-1, the major options ón the appli· 
cation's menu bar are the following: 

• Data 
• W.Levels (abbreviated Water Levels) 
• Display 
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Figure 10-1 

• Report 
• Make Randoro 
• LoadMap 
• Interpolation 
• Help 

Ea eh of these options, except options Make Randoro and 
Load Map, is explained in detall in this Chapter. Make 
Randoro is discussed in Chapter 5, Section 5.6; Load 
Map is discussed in Chapter 5, Section 5.3.2. 

When the Hydrograph application is selected the dis­
play window consists of three roain parts: 

• Menu bar on the top. 
• List of wells on the left currently included in the 

working set, with two numbers at the top referring to 
the number of such wells roaking the current work­
ing set and the total number of wells with water leve! 
records in the data base. 

• Entry forro with information on the first well on the 
list or an eropty forro for a new data base. 

If you are creating a new data base with observa­
tion/roonitoring wells, the left window will be eropty, 
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 d.isplays a case with 
many wells already in the data base. 
~ 'ffi"·'·®•&hm·§!i@ 

--
P.184 . ..... ....,, 
P0-1 
FO-Z 
P0-3 
1'0-4 ...,. 
SRRG-10 
SRRG-11 
SRRG-l!i 
SRRG-18 
SAAG-~ 
SRR<><• 
SRRO<B 
SRRG-3 ....... ...... ,.. .. , ...... 

Figure 10-2 

In the Entry Formas shown in Figure 10-1 and 10-2 you 
may type the input into all or selected fields. The only 
field specific to this application is 'Aquifer'. All other 
fields are copied from the Master data structure and 
Master data application. However, you may decide to · 
type coordina tes and elevations in this entry form and. 
not in the entry form of the 
Master data application. It is 
up to you to decide which ap­
plication to use for information 
that is "exchanged" between 
applications. 

The Data menu is shown in 
ure 10-3. The following options 
are available: 

.S.elect Entry Fonn 

General Data !!nits 
Working Time lntervBI 

Stzlndard ASCII !nput 
Standard ASCII.Qutput 

Print Setup 

Figure 10-3 

Ctrl-0 
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• Select Working Set. 
• Delete Record. 
• Select Entry Form. 
• General Data Units. 
• Working Time Interval. 
• Standard ASCII Input. 
• Standard ASCII Output. 
• Print Setup . 
• Exit. 

You 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 welis to a smaller set of wells which may be se­
lected for whichever reason. 

To delete a record you will do the following: 

l. M ove the cursor to the well.you wish to delete. 

2. Select Data on the application's menu bar. 

3. Select Delete Record, or hold down the CTRL key and 
press D key. 

4. A warning will be displayed giving you a chance to 
reconsider. 

Yo u may use the default formas displayed in Figure 10-
1, or any form that you may ha ve 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. 
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3. Select the form 
name which you 
wish to use as 
your entry form 
from the list dis­
played in the 
dialogue box as 
shown in Figure 
10-4. 

4. Click on OK. 

In the Hydrographs 
application it may 

HYDROGRAPHS 

EnttyFonn '' 

Selcd an Entry Form 

Standard 1:,\il!( :;¡ 
¡:~(;¿~¡,;,¡ .j 

l:n;;,~j 

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 observation, 
monitoring or production well. This information may be 
kept in the Master data application or in the Hy­
drographs application. You may use this information to 
selecta working set orto display one type of well onto a 
location map. You may think of other pieces of informa­
tion to keep in the hydrographs data base, such as the 
method of measurement (chalk tape, electric line, re­
corder, logging device, etc.), or the use of the well other 
than for water leve! measurement. 

When activated, the 
o p t i o n General 
Data Units displays 
a dialogue box such 
as shown in Figure 
10-5. In the GWW 
data base template, 
which is used in the 
example shown in 
Figure 10-5, the only 

Figure 10-5 



CHAPTERlO HYDROGRAPHS 

space-distributed numerical parameters are coordina tes 
and ground surface and measuring point elevations. 

10.3.6. Working Time The option Working Time Interval perrnits you to re-

10-6 

Interval duce a long period of observations to a shorter time 
span. This is important in editing data, in displaying hy­
drographs with more detall in a shorter period, and in 
reporting data for the period of interest. For example, if 
you are going to use the data base for making a mathe­
matical model of an area, your interest may be in a cer­
tain period of time in which you wish to calibra te your 
model. 

For example, 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 year, 
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. 

Yeer J1984 t.tonth CJ Oay CJ 
HourD MinO 

Figure lO~ 

2. When the dialogue box titled 'Working Time Interval 
End' opens type 1988 for the year, 12 for the month, 
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and 31 for the day. Press twice TAB. The display 
should look as shown in Figure 10-7. 

Ycar ~~ 988 Month @:] Doy ~ 

HourD MinO 

Figure 10-7 

3. Click on OK to close this dialogue. The whole data set 
is now reduced to the selected time interval. 

Yo u may save the whole data base, all the wells, in one 
ASCll data file. In the version 1.0, the input format was 
made compatible with output format of the UN/GW 
software. In the version 1.1, that "compatibility" was 
abandoned in favour of a more "friendly" format. 

The ASCII input format is explained in Appendix D. 
However, if you are in doubt what is the proper forrnat, 
you should create one example and save it using the op­
tion Standard ASCII 
Output. Once saved the 
file can be examined 
and the format noted. 
When the option Stand­
ard ASCII Input is in­
voked, the dialogue box 
will open as shown in 
Figure 10-8. The pro­
grarn assumes the 

Dlrcctory. t:\GWD 

Ales: Dln:ctorles: 

DD 
Figure 10-8 
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standard extension for su eh files .hyd, but yo u may over­
ride this and type any wildcard combination in the file­
namefield. 

This option is used to save the data base containing 
water leve! measurements in a standard ASCII file:Just 
as in other parts of the 
GWW package, it is a 
good idea to save the 
data from time to time 
in an ASCII file. What­
ever may happen to 
your data base, you 
may always re-create it 
by reading this file as a 
standard ASCII input. 
When this command is 
invoked, the dialogue 
box will open as shown 
in Figure 10-9. The pro­
gram assumes the 

Aleaame: luuartc:o..bv14 
DtrectDry: C:\GWD 

F"des: Dlredoriu: 

1 FiiiiEI 
¡;;.;-·¡ 

DD 
Figurei0-9 

standard extension for si eh files .hyd, but yo u may over­
ride this and type any wildcard combination in the file­
name field. The extensions are for your convenience. 

The Print Setup option is explained in Chapter 5, Section 
5.4. 

Edit Water Leve! Data is the first option on the W.Levels 
menu, as shown in Figure 10-10. 

When you select Edit W.Level Data option the edit table 
is displayed. It may contain data as shown in Figure 10-
11, or it may be empty prompting you for input. You en­
ter or edit data using the TAB key, ENTER, or mouse. 
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Figure 10-10 

You may delete a row in the editing table by holding 
down the CTRL key and simu!taneously pressing D. Yo u 
may insert a row by holding down the CTRL key and 
simultaneously pressing L You may save the data by 
holding down the CTRL key and pressing S. You may 
quit or exit without saving the data by holding down the 
CTRL key and pressing X. 

By clicking on Depth Data on the W.Levels menu you 
decide to type in the val u es of depths to water table from 
a measuring point. The editing table in this case may 
look as shown in Figure 10-11. Conversely, by selecting 

EI_Frio 

Figure 10-11 
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Level Data you will be prompted to type water levels in 
absolute elevations above mean sea leve!. The editing ta­
ble in this case may look as shown in Figure 10-12. 

Although you may have selected meters as a basic unit 
of length (that is of depth 
and/ or elevation), yo u may 
override the default by us­
ing the option Depth/Level 
Units o n t he W.Levels 
menu. The display may 
look as shown in Figure 10-
13 offering a list with al! 
possible length units as 
read from the GWW.UNT 
file or another file created 
by you for your data base. 

Figure 10-13 

When you select the Display option on the menu bar, a 
portien of the hydrograph for the curren ti y selected well 
will be displayed within the specified time interval using 
the option Working lime Interval. The hydrograph may 
look as shown in Figure 10-14. Al! points will be con­
nected since the default connecting interval is very large, 
365 days. 
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Figure 10-14 

When you select ilie Report option from the menu bar 
the display looks as 
shown in Figure 10-15. 
As in other applications, 
if you select printing op­
tions in the upper part of 
the submenu the pro­
gram uses standard re­
porting forros. 

The difference between 

Save Hydrograph Drawing 
Print Nonstandard Form 

Select Hydrograph Form 
Sclect Tablc Form 

Print Hydrograph and Figure 10-15 
Print General Data Ta-
ble is as follows. Print Hydrograph prints one hy­
drograph for a single well. There will be a header with 
identification data, followed by the graph. [You may 
place a loation map on the same reporting form. For this 
you need to (a) create such a map using the Map appli­
cation, (b) modify the standard reporting form or create 
another form which will have a drawing field with the 
name of the map.] 
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General Data Table option is intended to print a report 
that is prepared for all wells in the working set. The data 
consist of well identification, description, coordinates, 
and elevations. 

Using the lowermost two options will permit you to 
override the standard reporting forrns and select an al­
ternative forro. An example 
is shown in Figure 10-16 for 
the hydrógraph forro. The re­
porting forros created in the 
GWW.OOO template, which 

1 
Weasurements 
Standard 

Figure 10-16 

are at your disposal without modifications, are Measure­
ments and Standard. The Standard reporting form 
places a header with general data on a well on the forrn, 
followed by the hydrograph drawing field filling the rest 
of the form. The measurements reporting forro uses the 
same header, but instead of the drawing field.it presents 
a table with field measurements for the single well 
within the selected time interval. , 

For ea eh type of reporting, whether for a single test or for 
all tested wells, you may crea te more than one reporting 
forro. When you create such forros using Report Forro 
Editor from the Tools menu, you should save them using 
Save As .. option, and assign an interna! file name. When 
the Select Hydrograph Form or Select Table Form op­
tion is invoked, all these forrns will be listed for you to 
choose from. 

Save Hydrograph Drawing is used to save the =rently 
displayed hydrograph for printing using the Print Non­
standard Form option. As in other applications, you will 
be prompted to save the graph under a name, and to de­
cide on the diagram size. 

10.7.MAKE RANDOM This routine is explained in more detall in Chapter 5, Sec­
tion 5.6. The program will allow you to select any one of 
space distributed numeric parameters available for this 
application, induding sorne that may have no meaning 

10-12 
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for contouring (for example the elevation of the measur­
ing point). This routine is used mainly to create a loca­
tion map showing only wells which make the water leve! 
data base, or wells which have a more or less continuous 
water leve! measurement record. 

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. 

This is one of very important options in the hydrograph 
application. It permits you to create a contour map for 
any date within the time interval for which you have 
data. It also permits you to decide on the spanning time 
interval in which you wish 
to have individual points on 
a hydrograph connected. 
The submenu of the Inter­
polation option is shown in 
Figure 10-17. 

Figure 10-17 

When you select Set Connection Span the display will 
prompt you to replace the default, which is 366.00 

Connectmn tnll!rvaiJdaYsJ , 

(days), with an­
other interval. The 
display is as shown 
in Figure 10-18. For 
example, selecting 
31 days, which im-
p li es t ha t o n 1 y IFtOI:(fX4 W)e&l1<ioí!H 
neighboring points 
observed in less Figure 10-18 
than 31 day ínter-
vals, will be con-
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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. 
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Using this option 
you can create a 
data set ready for 
contouring ata cer­
tain date. You are 
prompted for the 
da te as shown in 
Figure 10-20. The 
option incorpo­
rates the make ran-
dom option from 
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, lul~rpohsflon Date !!!m 
Yc•• 11986 1 Monlh EJ Doy ~ 

HourO MinO 

Figure 10-20 

other applii::ations 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
tions, you will be prompted for 'Save Random Model of 
Water Depth' as shown in Figure 10~21 or "Save Random 
Model ofWater Leve!'. 
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You may create 
more than one 
contour map of 
water levels. You 
need to select the 
option 
Depth/Level at 
Date several times 
assigning each 
time another date 
and labeling the 
random models to 
be created with 
different names. 

HYDROGRAPHS 

11117------·--··--
.. :-::: S ave Random Mndel ot Water()epth '• 

JiNaterOcpth 

CHGrafs 
CHStiff 
Chemistry ~· 
ChemistryPAA \~r: 
Entryfonn.Chemistry.Standard ~~:· 
EntJyfonn.GrainSizcCurve.Sta f..: 
EntJyform.Hydragraphs.Stond ~::: 
Entryform.Lithology.Standard f::, 
E~orm.MasterOata.Stand! ~ 
fntruFonn.Pumn T ests.PartiaiF ,¡: 

Figure 10-21 

Examples could be LevelJuly_84, Depth_Sep_87, etc. 
You should follow the convention that interna! fie names 
may be long but continuous. You may use points or un­
derscores to separa te parts. of the file name that have 

. meaning to you. 

10.10. HELP This is context-sensitive on-line help which guides you 
through various options and procedures. 

10.11. EXAMPLE 1X!ll3v[pLT, SIX 

10-15 

In this example you will create a water level entry, use 
the editor, create random models for water levels on 1 
June 1991 and depths to water table on 15 December 
1991. You will display and print the graph setting the 
maxirnum 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: Z=85.50 m 
• Measuring Point Elevation: 86.20 m 
• Measurements: 

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 

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 
GWW package. 

2. Select Hydrographs. The display is as shown in Fig­
ure 1D-1. 
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3. Type in Well Ident field 'SRRG-22'. Press TAB. 

4. Type in Description field 'Observation well in Irriga­
tion System of Rio Guarico'. Press TAB. 

S. Type 629000 in the Easting field, press TAB. Type 
942000 in the Northing field. Press TAB. 

' 6. Type 85.50 in the Ground Surface Elevation field. 
Press TAB. 

7. Type Quaternary in the Aquifer field. Press TAB. Type 
86.20 in the Measuring Point Elevation field. 

8. Press PgDown twice. The cursor is on SRRG-12 in the 
list of wells. · 

9. Select W.Levels. 

10. Select Edit W.Level Data. Check that the last column 
is labeled as Depth [m]. 

11. Type 1991 in the Year column, press TAB, type 1, press 
TAB, type 1 press TAB twice. You should be in the 
Depth column. Type 12.5. Press TAB. You are now on 
the second line. 

12. The program repeats the last year and month. Accept 
the year as 1991; press TAB to move to the day col­
urnn. Type 20, press TAB; press TAB again to confirm 
the month as J anuary; TAB to m ove to the 
depth column. 
Type 13.1 and press 
TAB. 

13. Keep typing until 
the last line: 1991 in 
the Year column, 28 
in the Day column, 
12 in the month 
column, 11.8 in the 
depth column. The 
display should 
look as shown in 
Figure 10-22. 

Figure 10-22 
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14. Hold down the CTRL key and press S to save the 
data. 

15. Select Interpolation, select Connection Span. Type 
30 and selectO K. 

16. Select Display. The display should loo k as shown in 
Figure 10-23. lf the display shows only a coordina te 
system, ora frame of a graph but without points and 
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Figure 10-23 

lines, you should check which working time interval 
is currently selected. (Go to Data, and select Working 
Time Interval.) 

17. Select Oose. 

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 column is labeled as depth [m]. Select 
W.Levels again. Select Leve! Data to replace depth 
with leve!. Notice that the last column is labeled as 
Leve! [m] and that the data in this column are no 
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longer 12.5, 13.1, 13.6, ... , 11.8, but converted 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 made any change!). 

22. Select Interpolation. Select Depth!Level at Date. 
Type 1991, 6, 1 (1 June 1991). SelectO K. 

23. Save the random model of water levels on 1 June 1991 
under the name Level_1June_91. 

Using the application Mapping you will create contour 
maps of depths on 15 December 1991 and levels on 1 
June 1991 for this example. 

Exit the application by selecting Data, and Exit. 
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CHAPTER ELEVEN STEP DRAWDOWN TEST 

11.1 

INTRODUCTION 

11.1.1. General 

11-1 

The objective of running a step drawdown test is to ob­
tain information about the performance and efficiency of 
the well being pumped. The data taken under controlled 
conditions give a measure of the productive capacity 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. 

Since this is a test of the productivity of a well, it is often 
called a well-production test. This is a variable-rate well­
production test. A well is pumped at a constant rate for 
a certain period of time (normally between one and 24 
hours) and the drawdown is recorded at the end of the 
pumping step. The purnping rate is then changed, nor­
mally increased, and the well is pumped for the same 
period of time. The water level is then measured and the 
drawdown calculated. The same procedtire is repeated 
with different pumping rates one or more times (mini· 
mum 3 steps). It is understood that each step must be of 
the same duration as the others. 

Using the Step Drawdown Test application from the 
main menu of the GWW software, you may do the fol­
lowing: 

l. Crea te a data base containing information about step 
. drawdown test results and efficiency of drilled wells. 

2. Display and print step drawdown test results show­
ing two components of the total drawdown: aquifer 
loss and wellloss. 



11.2. MAIN MENU 
BAR 

11.2.1. Components of 
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Drawdown Test 
Application 
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3. Project the step drawdown pumping test results be­
yond the final step. Tlús is used to forecast the draw­
down and/ or efficiency if the well will be pumped at 
a rate about 20% higher than in the test. 

As shown in Figure 11-1, the major options on the appli­
cation's menu bar are the following: 

- ' St~p Orawdown lt!"st fc:\gWit\tesl1. 

Data J;:dlt· flt Dl.iJIIay Beport Malee Bandom Load .Map tlelp 

Wellldent ~~ellldent ~ Descripticn 

A 8 p 

Figure 11-1 

• Data 
• Edit 
• Fit 
• Display 
• Report 
• Make Random 
• LoadMap 
• Help . 

Ea eh of these options, except options Make Random and 
Load Map, is explained in detall in this Chapter. Make 
Random is discussed in Chapter 5, Section 5.6; Load 
Map is discussed in Chapter 5, Section 5.3.2. 
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11.3. DATA 

11.3.1. Options on the 
DataMenu 
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When the Step Drawdown Test application is selected, 
the display window is composed of three main parts: 

• Menu bar on the top. 
• List of wells on the left currently comprising the 

working set, with two numbers at the top referring to 
the total number of wells with step drawdown tests 
in the data base and the number of such wells in the 
current working set. 

• Entry form with information on the first well on the 
list or an empty form for a new data base. 

If you are creating a new data base with production or 
test wells, the left window will be empty, and the num· 
ber of wells will be zero. This is the case as shown in 
Figure 11·1. 

In the Entry Formas shown in Figure 11-1 yo u may input 
data into two fields: Well Ident and Description. All 
other fields are used to report results. The coefficients A 
and B are the coefficients used to fit the drawdown and 
purnping rate equation (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 .. Dclcte Record C1ri-D 

• Exit. S.elcct Entry Form 

General Date .U.nits 

Print Sctup 

Figure 11-2 
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11.3.2. Select Working You use the Select Working Set option in the sarne man-
, Set · · 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 many wells to a smaller set of wells which may be 
selected for any reason. 

11.3.3. Delete Record To delete a record you will do the following: 

11.3.4. · Select Entry 
Form 

11.3.5. General Data 
Units 

11-4 

l. 'With the rnouse cursor, select the well you wish to 
delete. 

2. Select Data on the application:s rnenu bar. 

3. Select Delete Record, or hold down the CTRL key and 
pressDkey. 

4. A warning will be displayed giving you a chance to 
reconsider. 

You may use the default form as displayed in Figure 11-
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 narne from the list displayed in the 
dialogue box. 

4. Click on O K. 

In the step drawdown test application you may think of 
typing and storing additional information such as 
pumping equipment, date of test, use of well, mainte­
nance information, etc., if you ha ve not entered this into 
the Master data entry forrn. · 

When activated, the option General Data Units displays 
a dialogue box such as shown in Figure 10-5. In the 
GWW data base templa te, which is used in the example 
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11.4. 

EDIT DATA MENU 

11.4.1. Edit Data 
Submenu 
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showninFigure 10-5, the onlyspace-distributed numeri­
cal parameters are coordinates and ground surface and 
measuring point elevations. This information is taken 
from the Master Data application. 

The Print Setup option is explained in Chapter 5, Section 
5.4. 

Before you can create a data set or edit data you must 
type in the well identification number (Well Ident), and 
its description. If this is already a well which has been 
entered into the GWW system from another application, 
the description field should be automatically filled in 
with information typed elsewhere. In that case the only 
entry necessary is the well identification. The display · 
then looks as shown in Figure 11-3. The well is used in 
the Pumping test application and is airead y in the GWW 
system. 

· . · . · :· Step Dr~wdnwn Tes\ (c:\gw_ 

Wellldent 

PT-1 

A 

Figure 11-3 

Descnption 
Todd' s book. pa! 

8 

·¡ 



11.4.2. Measurements 
Units 

11.4.3. Entering Data 

11-6 

CHAPI'ERll STEP DRAWDO\VN TEST 

Only when you select Edit Data and open the data table 
with two columns, drawdown and pumping rate, will 
you be able to use other options on the edit data menu. 
These options are shown in Figure 11-4 and are used for 
editing the table (inserting or deleting rows) and saving 
data. 

You may select units other than the default for draw­
downs and pumping rates. To change the unit for draw­
down from m to ft: 

l. Select Edil 

2. Select Measurements Units. The display is as shown 
in Figure 11-4. 

B 

Figure 11-4 

3. Select Drawdown. The dialogue box lists al! units for 
length that are contained in the GWW. UNT file or 
that have been created by you for this particular data 
base. 

4. Click on feet and selectO K. 

When you select Edit Data a two-column table will be 
displayed with the =sor in the first row of the draw- · 
down column. Check the units displayed for the draw­
down and pumping rate. Type the drawdowns and 
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corresponding pumping rates. For the fitting algorithm 
to work correctly you are expected to type drawdowns 
in increasing order, with the difference between draw­
downs being progressively larger for equal multiples of 
the pumping rate. In other words, if you have tested the 
well at rates 1000, 2000 and 3000 m3 1 da y, the correct val­
ues of drawdowns would be 1.00, 2.10, and 3.40. It would 
not be correct to have the drawdown values such as 1.00, 
1.90, 2.4. The reason is that the specific capadty of the 
well, which is defined as its pumping rate or yield per 
unit of drawdown, must be decreasing with an increased 
pumping rate. In the "correct" case the spedfic capadties 
are 1000, 952, 882m3 /day/m; while in the second case 
the sequence is 1000, 1053,1250 m3 /day/m. In the sec­
ond case when yo u select one of fitting methods, the pro­
gram will display an error message ''Unable to fit. Check 
yourdata." 

You must not press TAB at the end of data entry. If the 
fifth step as shown in Figure 11-5 was the final test step 

· (drawdown 6 m; pumping 
rate 5000 m3/day), the 
cursor must remain after 
the number 5000. You will 
save data by either select­
ing Edit and clicking on 
Save measurements or by 
holding down the CTRL 

;~jm¡ 
1 

2.1 
3.3 
4.6 

6 

PT-1 

fltimpino J:\liiti, 
1000 
2000 
3000 
4000 

5000 

key and pressing S. Figure 11-5 

If you do press TAB at the end of data entry and the new 
line is opened, you must delete this line by holding the 
CTRL key and pressing D. Afterthat 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 components: the draw­

. down sa (aquifer loss) due to laminar flow of water 

.. 

.· 
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through the aquifer toward the well and sw (welllos's) 
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 normal! y con­
tained within the aquifer loss. 

According to Jacob ("Radial Flow in a Leaky Artesian Aqui­
fer," Trans.Am.Geophys.Union, vol27 ,no.2, 1946), well 
loss may be represented approximately by the following 
equation: 

Sw=B<i 

w'here 

sw = wellloss, [L] 

B = well-loss constant, [T2 ;L5] 

Q = discharge,[L3 /T]. 

Aquifer loss, Sa, is linearly proportional to the pumping 
rate, i.e. 

sa=AQ 

Thus, the equation of totalloss during pumping may be 
written as 

s=AQ+ B<i 

The coefficient A has dimensions of TL -Z. 

The second theory, presented by, among others Rora­
baugh ( "Graphical and theoretical analysis of step-drawdown 
test of artesian wel/," Proc.Am.Soc.Civ.Eng. 79, separate 
no.362, 23 pp, 1953) and Karanjac ("Well Losses dueto Re­
duced Permeability around Wel/ Screen," Ground Water, 
vol.lO, 1972) demonstrate that the wellloss is not neces­
sarily proportional to the second power of pumping rate. 
In other words, welllosses may be significant although 
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turbulence may not have developed! The basic formula 
for well drawdown is 

s=AQ+ BQ" 

This is a more general case, of which n=2 is an approxi­
mation. According to Rorabaugh, n varies according to 
the aquifer and well situation from less than 2 to 3.5. Val­
ues of n less than 2 may occur if Q is relatively 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 will be zero. 

After the data are entered, you should select one of the 
two fitting methods as shown in Figure 11-6. The com­
puter program then evaluates the 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 you select the Display option on the menu bar, the 
screen may look as shown in Figure 11-7. The upper line 
defines the aquifer loss, and the lower line defines the 
total well drawdown. The space under the first line and 
the abscissa is the aquifer loss, and the space between the 
two lines is the wellloss. On the screen you may assign 
different colors to each of these two areas to emphasize 
either of the well drawdown components. 

-
' 
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Figure 11-7 

The table under the graph reports the measured data 
(well drawdowns and pwnping rates) and each draw­
down component from the fit aquifer loss and wellloss. 
The last line reports well efficiency for each pwnping 
step and for a hypothetic step which asswnes 20% higher 
pwnping than the last rate. 

The average well efficiency taken as an arithmetic aver­
age for all pwnping 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 may 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 dia­
logue box will open suggest­
ing the names of all available 
reporting forms. In Figure 11-
9 only the standard form is 
available, and there is no dif­
ference between the two 
printing options you may se­
lect. 

Standercl 

. Figure 11-9 

Save Diagram is used to save the currently dis.played 
step-drawdown graph for printing using the Print Non­
standard Report option. 

This routine is explained in more detall in Chapter 5, Sec­
tion 5.6. The program will allow you to select any ene of 
the space distributed numeric parameters available for 
this application, including sorne that may have no mean-
ing for contouring ( e.g. eleva- Rondom t.4dl. Variable 

tion of the measuring point). A 

In this application, the list of B 
p 

numeric parameters tha t Etticiency 

may be contoured may look ~ 
as shown in Figure 11-10, al- z 
though it is questionable Zt.4 

whether most of these will 
have a meaning. The two pa- Figure 11-10 
rameters that m~y be used 
are Z (land surface elevation), which should be used for 
creating a location map with only wells tested with step­
drawdown tests, and Effidency, to show different well 
effidendes. You may also add a parameter such as spe­
dfic capadty of wells to your reporting form, by manu-

... , 
.· 

•;--· 
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ally entering the value obtained from the test and by con­
touring or displaying this parameter. 

Thls option is explained in detall in Chapter 5, subsec­
tion 5.3.2. It is used to selecta working set, or individual 
wells to work with, directly from a map. 

Thls 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: 

i ~3/dav\ 1000 2000 4000 

Draw- 456 10.74 29.48 
downlml 

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. 

· 5. Press PgDown twice. The =sor should be on SDT-1 
in the list of wells. 

6. Select Edit followed by Edit Data. Check the units for 
drawdown and purnp~g rate. If units are not meter 
for drawdown and m 1 day for purnping rate select 
Edit again and then Measurements Units. Select the 
one you wish to change (drawdown or purnping 
rate), make the change, and select OK to retum. 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 
for first purnping rate. Do not press TAB. The display 
is as shown in Figure 11-11. Hold down the CTRL key 
and press S to save the data. 

SDT-1 

Figure 11-U 

10. Select Fit and first try the classical Jacob's equation. 
Select Quadratic. The results are immediately writ­
ten into the entry form. 

A= 0.0035 
B = 9.8xl0"7 

p= 2.00 

. ' 
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Effidency (average)= 57%. 

11. Select Display. The display willlook as shown in Fig­
ure 11-12. 
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Figure 11-12 

12. Try now the second, more general, method. Select Fit, 
followed by General equation. 

13. To view the results you must first remove the graph 
from the screen. Select Close. Notice that: 

A=0.004 
B = 6.8xlO.g 

p=231 

Efficiency (average)= 66%. 

You may _compare efficiendes and aquifer loss coeffi­
dent A, but you cannot compare the wellloss coeffi­
dents B since they have different dimensions. 

14. Select Display. The display willlook as shown in Fig­
ure 11-13. 
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Exit the application by selecting Data, and 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 

Thlsapplicationisa utilityfor creating and storingirúor­
mation on grain sizes of drilled samples in the data base. 
With this application yo u may crea te a data base, display 
grain size distribution curves and print one or more 
curves. 

As showninFigure 12-1, the major options on the appli­
cation's menu bar are the following: 

• Data 

• Edit 

• Display 

• Report 

• ·LoadMap · 

• Help 

Qota J;dlt DIDhry Beport Load Mop J:telp 

Wellldent 

Figure12-1 

GSC-1 
Descr 
Expl 
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12.3. DATA 

12.3.1. Options on the 
DataMenu 
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The options Data, Edit, Display, and Report are ex­
plained in this Chapter. Load Map is discussed in Chap­
ter 5, Section 5.3.2. 

When the Grain Size Curve application is selected, the 
display window is composed of three main parts: 

• Menu bar on the top. 

• List of wells on the left currently comprising the 
working set, with two numbers at the top refernng to 
the total number of wells with grain size samples in 
the data base and the number of such wells in the 
current 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 leftwindow 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 shown in Figure 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. 



12.3.2. Select Working 
Set 

12.3.3. Delete Record 

12.3.4. Select Entry 
Form 
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• Select Entry Form. 

• General Data Unlts. 

• Print Setup. 

• Exit. ~elect Entry Fonn 

Gene"'l Data Jlnils 

Print Setup 

Figrne 12-2 

You use the Select Working Set option in the same man­
ner as in any other application. lts use is explained in 
Chapter 5, Section 5.3. lts purpose is to reduce a large set 
with many wells to a smaller set of wells which may be 
selected for any reason. 

To delete a record you will do the following: 

l. With the cursor, select the well you wish to delete. 

2. Select Data on the application's menu bar. '" 

3. Select Delete Record, or hold down the CTRL key and 
press D key. 

4. A warnlng.will be displayed giving you a chance to 
reconsider. 

You may use the default formas displayed in Figure 12- · , 
1, or any form that you may have created following the 
steps explained in Chapter 3. To change the form: 

l. Select Data on the application's menu bar. 

2. Click on Select Entry Form. 

3. Select the form name from the list displayed in the 
dialogue box. 



12.3.5. General Data 
Units 

12.3.6. Print Setup 

12.4. 

EDIT DATA ME~'U 

12.4.1. Edit Data 
Submenu 
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4. Click on O K. 

In the grain size curve application you may thin.k of typ· 
ing and storing additional information such as uniform· 
ity coefficient, d1o, 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 coordinates and ground 
surface and measuring point elevations. This informa­
tion is taken from 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 must 
type in the well identification number· (Well Ident), and 
eventually its description. If this is airead y a well which 
has been entered into the GWW system from another ap­
plication, the description field should be automatically 
filled in with information typed elsewhere. In that case 
the only entry necessary is the well identification. The 
display then looks as shown in Figure 12-1. 

Only when you select Edit Data and open the data table 
with columns for grain size and percentage 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) and saving data. 
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Delete Row 

~ave Data Ctri-S 
El9t (don't save) Ctri-X 

Add NewSet 
Delete Set 

Std ASCII !nput 
Std ASCII 

Figure 12-3 

GRAIN SIZE CURVES 

When you are using this application to crea te a record for 
new grain size curve, you will be prompted first to tell 
the program how many sets of data you have for a par­
ticular well. The limit for ea eh well is 5, but yo u may split 
the total number of data sets into a multiple of five as­
signing different well identifications, such as GSC-1/1, 
GSC-1/2, etc. 

When you select 
Edit Data in a new 
well, the display 
will be as shown in 
Figure 12"4, 
prompting you to 
type the number of 
data sets. For the ex­
ample that follows 
the number of data 
sets is three. 

Figure 12-4 
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After you decide on number of data sets the editor will 
open and display a table which will contain four col­
umns; one for grain size diarneters in millirneters, 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. You may type any 
identification in these fields. Use TAB to move from one 
field to another, or Shift+ TAB to return to previous 
fields. 

In the Diarn. (mm) column, type grain diameters in mil­
limeters, starting with the smallest and gradually cover­
ing the whole grain size distribution curve. You must 
follow the arder from the smallest to the largest size. In 
the remaining columns, type the- cumulative percentage 
of the sample by weight passing through the sieve of the 
corresponding grain diarneter. 

When you finish the input, do not use TAB but hold 
down the CTRL key and simultaneously press S to save 

Figure 12-5 

the data. The table may look as shown in Figure 12-5. 
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. ...• • 31-361!> 

i 
# 

Figure 12-6 

When you select the Display option on the menu bar, the 
screen may loo k as shown in Figure 12-6. The majority of 
the screen shows the grain size distribution curve. The 
lower portion shows one of the widely used grain size 
classifications identifying the limits of various fractions: 
silt and clay, sand, and grave!. 

When you select the Report op­
tion frorn the menu bar the dis­
play looks as shown is Figure 
12-7. As in other applications, you 

Save Diag111m 

Print Monstandard 

Figure 12-7 
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rnay use the standard reporting forrn (option Print) or 
you rnay select another reporting forrn (Select Form). In 
the latter case, a dialogue box will open suggesting the 
narnes of all available reporting forrns. In addition to the 
curve and classification, the standard reporting fprrn 
contains a header identifying the well and a table similar 
to the one displayed in Figure 12-5. 

You rnay create another reporting forrn to which you 
may add a location map showing the location of the re­
ported well or of any other well frorn which grain size 
distribution curves have been calculated. 

You will use Save 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 set, or individual 
wells to work with, directly from a rnap. 

This is context-sensitive on-line help which guides you 
through various options and pro­
cedures. 

On the Edit menu you will notice 
two options: Add New Set and 
Delete Set. When you decide to 
add a new set, a new colurnn will 
be opened for another set of data. P·'OJ: ··l PCiii~Rf! 
The Delete Set option prompts Figure 12-8 
you to define which sarnple you 
wish to delete. The screen rnay display sornething 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 following information from the siev-
ing analysis: · 

Diameter (mm) 
0.001 
0.005 
0.01 
0.05 
0.1 
0.5 
1 
2 
5 
10 
20 

Percentage 1% l 
3 
6 
10 
18 

.22 
33 
45 
59 
75 
88 
100 

The procedure is the following: 

l. Select Applications from the main menu bar. 

2. Select Grain Size Curve. 

3. Type in the Well Ident field Test-1 and press TAB. 

4, Type Landfill Monitoring Well in the description 
field. 

. . 

5. Press PageDown twice. You will be back on the well 
identified as Test-l. 

6. Select Edit on the menu bar and confirm Edit Data. 

7. Answer with the number 1 the prompt 'Number of 
data sets' and click on OK. 
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8. In the field where is the prompt now type the depth 
interval for this sample, e.g. 12.5-14.5 ft. Press TAB. 

9. Start typing the grain size distribution data as re­
ceived from the laboratory. Type 0.001 in the column 
Diam. (mm) and press TAB. Type 3 under the column 
14.5-16.5 ft. Press TAB. 

10. Repeat input 
with the second 
pair of data: 
O.OOSand 6. 

11. When you finish 
the input, after 
the last number, 
that is 100, do not 
press TAB but 
use the combina­
ti en CTRL S. 
This saves the 
data. The screen 
should display 
the tableas 
shown in Figure 
12-9. 

12. Display the curve 
Figure 12-9 

by selecting Display. the curve should loo k as shown 
in Figure 12-10. 

13. Select Oose to remove the curve from the display, 
and Data, followed by Exit to return to the main 
menu. 

This ends example eight. 
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CHAPTERTHIRTEEN 

13.1. 
INTRODUCTION 

13.1.1. General 

13.2. 

13-1 

APPLICATION'S 
CONTENT 

13.3. WELL 
FUNCTIONS 

MISCELLANEOUS APPLICATIONS 

In this application you will find severa! utilities wlúch 
do ñot create a data base and cannot be displayed or 
printed, but wlúch are used to calculate well functions, 
hydraulic conductivities from grain size analysis, and 
help in designing a production well. 

As shown in Figure 13-1, the utilities comprising this ap­
plication are the following: 

, Miscellaneous [c:\gwd\l~st;t .g 

, Wellfunclions §rain Size Analysis Well !;onstr. Cah:ulations !felp 

Figure13-1 

• Well Functions 

• Grain Size Analysis 

• Well Construction Calculations 

Well furictions are the functions frequently used in 
ground water hydraulics. As shown in Figure 13-2, there 
are two functions: 



13.3.1. Non-Leaky Well 
Function 
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Exit Alt-F4 

Figure 13-2 

• Non-Jeaky, or W(u) 

• Leaky, orW(u,r/B) 

You will notice that you may either type the arguments 
of the functions to obtain the values of functions, or you 
may type aiJ components that make the argument and 
compute the drawdown at a point in space and time as a 
result of pumping. 

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 transmissivity of the aquifer, 
the drawdown in the well is obtained. 

The theory Jeading to the nonequilibrium equation, or 
Theis theory, is well documented in every ground water 
textbook, and will not be repeated here. The well func­
tion is tabulated as a function of the argument u, which 
lumps together the two most important aquifer pazame­
ters (transmissivity and storage coefficient), the distance 
from the pumpingwell at which the drawdown is calcu­
lated, and the time since the start of pumping. 

Thus, the argument u is equal to 
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where, r is the distance from the pumped well to the ob­
servation point, orto point at which drawdown is being 
calculated; S is the storage coefficient; T is the coefficient 
oftransmissivity; and t is time after the pumping started. 

In the GWW program the dialogue box will open as 
shown in Figure 13-3 prompting you for input. For ea eh 
of input .parameters you may assign various units, 
whether consistent or not. Yo u may use this dialogue box 
as a ca!culator, replacing one or more parameters and 
quickly obtaining the drawdowns. 

Well funt110n 

Input Data 
~-~ 

Dlstanc:e trom Pumped Well ~~ 0:::0---1 F=--+;1 
Aquitcrln.nsmissiYity 25000 

Aqulb:r siorage Coet. f:::.o::.;o'~--1 ,-,---=> 
Time of Pumplng f-:30::.._---1 

Pumping Ratc 300 

-----· Output Data 

~:, ~~~~H~·~~;;"llil,'ill~il!{;·~ 
Drawdown p.426006 ,¡teet (<tL 

~:;.;;;_:::::;-;::::~·~.:::::::)~0;.t.:f;:.;!::;:':'~,$.:.:;..:.>;~;.;..,~·;·,,,...,:.:.: :, : 

Figure 13-3 

' 
Asan example, calculate the drawdown at 100 feet from 
a well pumped at 300 gpm for 30 days. The aquifer trans­
missivity and storage coefficient are 25000 gpd/ft and 
0.001, respectively. 

l. Select Well Functions. 
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2. Select Non-Leaky W(u). 
3. Type 100 for d.istance, change to feet if another unit is 

d.isplayed ( click on down arrow box, select feet, cl1ck 
on OK). Press TAB. 

4. Type 25000 for transrnissivity, change units to gpd/ft. 
PressTAB. 

5. Type 0.001, and press TAB. 

6. Type 30, press TAB, confirm days as units of time, 
press TAB. Notice that at this moment the values of 
function's argument u and the function itself are d.is­

. played in the Output Data fields. 

7. Type 300 for pumping rate, press TAB, check that 
units are in gpd, and press TAB. The screen should 
loo k as shown in Figure 13-3. The result is the follow­
ing: 

• Function's argument = 0.00002587811 

• Well Function = 9.984923 

• Drawdown = 1.426 feet 

This routine calcula tes the well function for a leaky arte­
sian aquifer with fully penetrating wells without water 
released from storage in the aquitard and under con­
stant-discharge conditions. Although the values of 
W(u,r/B), in terrns 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 

where: 

r = d.istance from pumped well 

T = transrnissivity of main aquifer 
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S = storage coeffident of main aquifer 

t = duration of pumping 

m= tlúckness of semiconfining layer 

r p =vertical permeability of semiconfining layer. 

The parameter B, which is important in the Hantush 
leaky aquifer theory, is defined as follows: 

B2 =T/P/m 

The ratio r/B, which is one of arguments of the leaky 
well function, is dimensionless. 

As an example, the following parameters are input: 

r = 10 feet 

T = 25000 gpd/ ft 

5= 0.001 

t= 30 days 

Q=300gpm 

m= 10 feet 

p = 1000 gpd/ft2 

The program-cal­
culated values are 
the following (see 
Figure 13-4): 

Wtd1 hmtliOfl ~ 

Input 08tll 

Dlstancetrom'Pumpec!Well 10 ~ 

Aqaiter Tn~aamiasiYtly r:,25;.,-0D"'o -l ~ 
Aqulter StDnge Cacf. f':·•;.:•'-~ 

Time CJIPumpiag 3D a 
Pumpiag Rete 3110 

Tbidlneas af Scmic:aaflnlng leyer f.:,.::---1 ct 

HydrauUc CoaductM!y of ~r IODO ' 

Figure 13-4 

. l 

. ' I..Ü 
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u = 0.000000258781 

B = 15.52252 feet 

W(u,r /B) = 1.445307 

Drawdown = 2.061 feet 

This is a utility program for calculating permeability val­
ues (hydraulic conductivities) from grain-size analysis 
(grain-size distribution curves). The permeabilities can 

!!.S.B.R 
~lichter 

Kozeny 
Ierzaghi- Smooth Sand Grains 
Terzaghi- Angular Sand Grains 

Figure13-5 

be calculated using one of seven available empirical for­
mulas as shown in Figure 13-5. Ea eh calculation requires 
sorne or all of the following input parameters: 

l. Effective grain diameter (d10 or dzo), or the total 
grain-size distribution. 

2. Temperature of water in aquifer formation (dueto vis­
cosity dependance on temperature). 

3. Empirical coeffident which distinguishes between 
smooth and clean sand on one side and angular and 
clayey sand on the other side. 
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4. Total porosity of sand. 

The corrections for water temperature are probably not 
important; the empirical formulas produce only a correct 
order of magnitude considering the way in whichforma­
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 

. uniforrrúty coefficient d60/ diO less than 5. To select the 
empirical coefficient which considers grain uniforrrúty, 
sorting, and cleanness, please note that typical val u es are 
asfollows: 

0.4 - 0.8 for clayey and nonuniform sand 

0.8 - 1.2 for clean and uniform sand. The more uni­
form the sand, the higher the coefficient. 

One example is shown in Figure 13-6. 

9:2!>iAM ··• 
Input Data 

010[mm)§5 
Empiric Cocff .8 

Water Temperature rCJ 20 

0.3716000 

Figure 13-6 

The U .S. Bureau of Reclamation formula (dueto Creager, 
Justin, and Hinds) requires the d2o as the effective grain 
diarneter (in mm), without any corrections (for tempera­
ture, or an empírica! coefficient). 

The Slichter formula applies to sands and gravels with 
effective grain diameter between 0.1 and 3.0 mm and 
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uniformity coeffident d60/d10 less than 5. The formula 
requires the knowledge of total sand porosity~ and there 
is also a correction for formation water temperature. 
With the Slichter formula, the porosity (total) must be 
typed as a fraction of 1.0, temperature in °c, and d10 in 
mm (screen 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 (diO) in 
mm, and the formation water temperature. 

The Terzaghi formula, which applies mostly to cqarse­
grained sand and grave!, needs the input values of diO, 
porosity as a fraction of one, and temperature. There is 
also a correction coeffident which takes into account two 
categories of sand grains: smooth and angular. 

TerzBghi's Formula (Smooth) 

There are sev- ¡;¡;~~~~~np~ut~D~a~ta~~~~¡;¡;-
eral error trap- 010 fmm§.s 
ping routines Total Poros· 40 
which warn Waterlemperature rCJ 
you if a pa-
rameter is be- Output K~~~~~-
y o n d t h e L_ ___ _.J Jcm/s f~j 
accepta ble 

~~~g~~s~a~:~/g~%~;~=-~~;=~=0~l ______________ _j 

is displayed in 
Figure 13-7 for 
the Terzaghi 
(smooth) for­
mula. 

~- UlHOR! 

Porosity must be between 0.013 and 1 ! 

Figure 13-7 

The Zarnarin formula requires 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. 

Fnu:tion of Sample 

<0.01 .05 0.50- 1.0 o 
0.01-0.05 1 1.00-2.0 o 
0.05·0.10 2.00-3.0 o 
0.10-0.15 3.00-5.0 o 

Figure 13-8 0.15-0.25 5.00-7.00 

0.25-0.50 7.00-10.00 

Porosity c=:J 
WoterTemperature.rCJ c=:J 

Output K -----· 
L. ___ __¡ jcmJs !~! 

This portian of the program may help you select proper 
casing diameter and proper screen length and to evalu­
ate whether the screen entrance velodty is above a criti­
ca! velodty. The routine is written in su eh a way that you 
must assign all but one parameter, and the program will 
calcula te the missing parameter. 

The entries in this routine are: 

• Screen diameter 

• % of open screen area 

• Pumping rate 
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• Maximum entrance velodty 

• Length of screen 

The dialogue box for thls routine is as shown in Figure 
13-9. You will notice the hint Type ? in jield to be computed. 
After you enter all other values, the program will replace 

Figure13-9 

the question mark with the calculated value. You will 
also notice that for each parameter except the percentage 
of open screen area, which is dimensionless, you may 
select units of your choice. 

Recommended Casing Diameter. The program relates 
the design pumping rate of the well pumped with a ver­
tical turbine pump to the optimum casing diameter. The 
diameter of the production-well casing should be two 
nominal sizes larger than the bowl of ):he pump to pre­
vent the pump shaft from bending, to reduce head losses 
and to allow measurements of water levels in the well. 
The casing diameter may be reduced below the maxi­
mum antidpated pump setting depth. Suggested casing 
diameters for various pumping rates are calculated ac­
cording to recommendations in Walton ( Groundwater Re­
source Evaluation, McGraw-Hill, 1972, p.299). 
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Screen Length. The recommended screen length is a 
function of entrance velodties 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
ca!) screen entrance velodty. If the length of a screen is 
less than recommended, implying higher entrance ve­
lodties 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! séreen entrance ve­
lodty 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 area, (b) selected critica! (maximum) en trance ve­
lodty. 

Figure 13-10 displays an exarnple in which the screen di­
ameter is calculated when the screen length and the per-

'-' ',· ':' · ' \Vetl Constructión Pélrameters , ·V h,: ll:ll·AM; 

a meter Screen Di 

"of Open Area of S 

Pumpin 

t.tax. Entrana: V 

Length of S 

aeen 

g Rate 

elocity 

creen 
·w -~.wmx.;.:w..:-:...:-~».-.:-:.:.:v--m>"«-» 

? 

17 

300 

.11 

20 

. . ' . '·~·-' 

linch 111 
gpm -~ 

ft/s \li• 
feet il 

:»W.V:~.:.".«o»"_......,.~»:(o»'"«-»•WMV•~>!•'~~ 

L~_,_»»» .. ,=.,J!INT: TXPJJ.,.~n field to be_2!m.R.~~-»»:···:::v=«»>:~ 

l'tX"~~!Y:i1l . 
Figure 13-10 

centage of screen open area are known, maximum en­
trance velodty is assigned, and the well is to be pumped 
ata certain design rate. 
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The example is as follows: 

A screen 20-ft long, with 17% open area, is to be used for 
pumping from a well at 300 gpm pwnping rate. What is 
the minimum permissible screen diameter which will 
guarantee that the critica! entrance velodty of 0.1 ft/sec 
will not be surpassed? 

You should start by pladng a question mar k in the first 
field (screen diameter). Type 17 for the percentage of 
operi scre.en area, 300 gpm for the pwnping rate, 0.1 ft/s 
for the maxirnum entrance velodty, and 20 feet for length 
of the screen. 

The program retums the value of 2.8 inches for screen 
diameter. 

Continuing with this example we will use metric urúts 
for a similar case: the open screen area is 17%, the screen 
length 10m, the well is to be pwnped at 1000 m3 /day 
and the maxirnum permitted entrance velodty is 3 cm/ s. 
·Find the well screen diameter which will keep the en­
trance velodty less than the maxirnwn permitted. Find 
also the recommended casing diameter considering that 
a vertical turbine pump with rated capacity of 1000 
m3 1 day is designed to be installed in such a well. 

Place a question mar k in the field Screen Diameter. Type 
17 for the o/o of Open Area of Screen. Type 1000 for the 
Pumping Rate, and change the urút to m3/day. Type for 
Max. Entrance Velocity 3 and change the urút to cm/s. 
Type 10 for the Length of Screen and change the urút to 
meters. As shown in Figure 13-11, the program retums 
2.8 inches for the minirnum recommended screen diame­
ter, and 6 inches for the casing diameter in which a ver­
tical turbil).e pump will be housed. 

This ends example number eleven. 
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' ' 
' ", , , Well Construr.tion P3rameteTS ' , 

Screen Diameter 

"of Open Area of S creen 

Pumping Rate 

Max. Entrance Velocity 

Length of Screen 

2.825817 

~7.00 

1000.0000 

3.000000 

10.000000 

Figure 13-11 
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CHAPTER FOURTEEN CROSS SECTIONS 

14.1 

INTRODUCTION 

14.1.1. General Using this application you may create lithologic, hydro­
geologic or stratigraphic cross sections, and display on 
the screen and in reporting forms the following: 

• Uthology at borehole sites. 

• Ground surface elevation along the cross section line. 

• Water levellines (static, dynamic, drawdown) along 
the cross section line. 

• Stratigraphic and lithologic contacts. 

• Well construction details, including the position of 
screen. 

• One or two chemical constituents or contaminants 
along well' s depth. 

"This application is a utility for drawing cross sections, 
adding a legend, and reporting. It uses the information 
from the data base that was created using the Well Log 
and Uthology application (see Chapter Eight). The "in­
tersection" lines, or various elevation lines added onto 
the cross section, are created using the Mapping applica­
tion. The chemical concentration data are taken from the 
application Concentration-Depth. 

14.1.2. Application's As shown in Figure 14-1, the Cross Section application is 
Content comprised of the following major options: 

• Cross Sections. 

• Wells. 

14-1 



14.2. 

CROSS SECTION 

14-2 

CHAPTER 14 CROSS SECfiONS 

_!;_ross Section l{!l:ells .Map .(irid Model .Qptions f:!elp 

Figure 14-1 

• Map .. 

• Grid Model. 

• 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 dimension of the drawing. It 
is also used to make a legend box with various text, in­
cluding scale, and to position the legend onto the draw­
ing. 

This menu is also used to select a reporting form and to 
print a cross section. 

Cross sections are created and saved as interna! files. Al­
ter you create a section, display it on the screen, and 
eventually·print it, you may save the completed section 
under its own name. Cross sections then become an in­
tegral part of the Ground Water Information System 
(GWIS). You may retrieve cross 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 following 
options will be 
available, as 
shown in Fig­
ure 14-2: 

• New Cross 
Section 

• New Cross 
Section 
Like 

• Old Cross 
Section 

• C!ear Cross 
Section 

CROSS SECTIONS 

~ew Cmss Scdion 
Ncw Cross Section L,ike ••. 
Qld Cross Secllon 
.!;lear Cross Secllon 

Jiave Cross Section 
Save Cross Section ~--· 

Make Legend 
Wrtte Textto Legend 
Write Scale to Legend 

Print Cross Section 
Print Seblp 
Dimension 

Figure 14-2 

• Save Cross Section 

• Save Cross Section As ... 

• Edit Parameters 

• Units 

• Make Legend 

• Write Text to Legend 

• Write Scale to Legend 

• Print Cross Section 

• Print Setup 

• Dirnension 

• Exit. 
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When you select New Cross Section, the dialogue box as 
shown in Figure 14-3 will be displayed. lt will prompt 
you to type in the X and Y coordinates for the starting 
and ending points, the interval of depth (Z coordinate) 
to be covered by the cross section, to assign a label step 
for the vertical axis, and to select a horizontal and verti­
cal scale. 

1 

Endlag Palnt 1m! 

. X J 

1 

Z Coonllnott 1m! 
FnomJ l Tol 

L.abcl Stcp 1 ¡r-'--....,¡. 

l
s""" 

Horizoatall:! 1 Yertical1:! 

Figure 14-3 

You will also have a chance to control the drawing by 
selecting the More button (see Figure 14-3) which will 
then open another dialogue box as shown in Figure 14-4. 
There, you may control the drawing margins, colors of 
various parts of the drawing, lines and fonts. Keep in 
mind that 
themargins 
refer to the 
f r a m e 
around the 
drawing, 
not to page 
margins. 
Thisisnota 
"fit-to-pag 
e" drawing, 
but rather it 
should fit 
the report­

-------.. ------o.---.. ,-,,-.,-.. ,-,~-,--------~ 
Margms (nvnJ 

Left 1111 1 Rlght ~ Above ~ Below ~ 

1 ::•(}&Oi¡j.;r¡;;;·:: ::\ :J 
t;·-~~;:y¡ .. :· 

Figure 14-4 

TicK He1ght jmm) 

E=:J 

ing form that you may have created using the option 
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Section 
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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 maps 
by selecting the starting and ending points with a m o use. 
You will learn how to do this in Section 14.5, Adding 
Wells 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 coordinates of 
the starting and ending points, scales, and drawing pa­
rameters. Actually you will use everything from the ex­
isting section except the content. This option is useful 
when you are not satisfied with the content for whatever 
reason. For example, you may wish to modify the leg­
end, change the attributes for any line that is displ~yed, 
or reduce or expand the width of lithological columns at 
boreholes. 

When you select this op­
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 sections 
saved in previous ses­
sions. 

You will use thls option 
when you warlt to dis­
play the cross section, 
print it as it is, or modify 
it before printing and/ or 
saving. When you select 
one of listed cross sec-

Select e Craas Seaioa 

1 

SEcnON-1 
SEtnON-ZC 
blg 

Figure 14-5 . 

1 

l::m:·q 
!'ee\í&d 

if.i)ol;;,;)j 

,. 



14.2.4. Clear Cross 
Section 
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Section 
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tions, it will be displayed on the screen. The narne of the 
cross section will be displayed in the title bar on the top. 

NOTE. Always look at the title bar to see with what you are 
currently working. This helps to prevent accidental changes, 
unwanted saving and overwriting. 

This option clears the content of the currently selected 
cross section. What rernains is the coordinate "systern", 
that is the X and Y coordina tes of the starting and ending 
points, scales, and attributes. If you keep working with 
this "cleared" cross section and save it under the sarne 
narne, that is by selecting option Save Cross Section, the 
previous content will be erased ("cleared") and the new 
content will be saved instead. 

When you finish working on a cross section you rnay 
want to save it. You have two options: (1) to save it under 
the narne that is displayed in the title bar, (2) to save it 
under a different narne. The option Save Cross Section 
saves only under the sarne narne as shown in the title bar. 
If this is .an untitled cross section, that is a new section, 
this option will be dimmed, which rneans unavailable. 

When you work on a new cross section, this will be the 
only "saving" option available. You will be prornpted to 
assign an interna! cross section narne. If you worked 
with an existing cross section (you used the option Old 
Cross Section), you will have the option to save it by 
selecting either Save Cross Section, in which case the 
sarne section title will be kept and its content overwrit­
ten, or by using the option Save Cross Section As ... , in 
which case you will assign another narne to the rnodified 
section without affecting the content of the one with 
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which you started. In this 
second case the dialogue box 
as the one shown in Figure 
14-6 will be displayed. 

You may edit the parameters 
of an existing cross section. 
When you select this option, 
the dialogue box as shown in 
Figure 14-7 will be dis-
played. You may modify 
anything in this box, al­
though normally, you will 

CROSS SECfiONS 

SEcnOM-1 
SEcnoN-2C .. 

Figure 14-6 

probably want to change one or both scales, and the ver­
tical interval of the display (Z Coordinate From .. To). 

1 

Staning Pointl::lm'::'J=::-----, 
. X [ss3GOO V j937150 

1 

Ending Point lml 

. X [sH300 V 1966625 

Z Coordinl:d.e [m) 

From l-100 1 To !120 
Label St;=ee:.P __ _, 

110 

LSCGle~• ~~:::::.....:..::~~~··. ;;=;;;;;; Ho•izontal 1: j175000 Vertical 1: !••out . 

HH"oitC' nJ F})C.;.""iii>ft] . lu:w;;;.;:.->\IJ · 

Figure 14-7 

Remember that there is the More option which opens 
another dialogue box in which you control drawing pa­
rameters. The normal procedure in editing cross section 
parameters would be to select scales and then check the 
dimension (size) of the cross section by selecting option 
Dimension from the same menu. The display may look 
as shown in Figure 14-8. If not satisfied, you may return 
to the Edit Parameters option and modify one or both 
scales. 

·~· 
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14.2.8. Make Legend The legend will usu­
al! y consist of sorne 
text, scales, lithological 
symbols and descrip­
tions, and various in-

14.2.9. Write Text to 
Legend 

14.2.10. Write Scale to 
Legend 

14.2.11. Print Cross 
Section 

14.2.12; Print Setup 

14.2.13. Dimension 

14-8 

Figure 14-8 

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 leam more about creating a legend, please read 
Section 14.8. 

Yo u may write so me text to the legend, line by line. Ea eh 
time yo u select this option, you will be prompted for text 
and for fonts for the text. The text lines will be printed in 
vertical succession from top to bottom within the legend 
frame you designed using the option Make Legend. 

Using this option, the program will add horizontal and 
vertical scales to the legend. 

When you decide to print a cross section, the program 
will display the list of all the available reporting forms. 
You may select one of the forms, and the program will 
print the report. 

This option is explained in Chapter 5, Section 5.4. 

As mentioned earlier in paragraph 14.2.7., you will use 
this option frequently to check the size of the drawing. 
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The numbers, which are in centimeters bv default, as 
shown in Figure 14-8, include drawing mar~ns. The fol­
lowing is important to keep in mind: cross sections are 
printed using either a default reporting form or one 
which you created. When you create a reporting form, 
you assign the dimension and position of the drawing 
field. The dimensions assigned using the Tools option on 
the main menu and Report Form Editor should match 
the dimensions of your current cross section in order to 
print its whole content. 

For example, currently you have a cross section report­
ing form which is prepared for the drawing size 250 mm 
horizontally by 154 mm vertically in landscape orienta­
tion, and 180 mm horizontally by 250 mm vertically in 
portrait orientation. If your drawing's dimensions, as 
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. 

The cross section would not be the subject of this chapter 
had it not been for wells that have lithology identified 
and described. Adding wells to a cross section is the next · 
step after you have selected your cross section line and 
defined its parameters. 

The second option on the 
application's _menu bar, 
Wells, is comprised of the 
following, as shown in 
Figure 14-9: 

• Select Working Set 

• Select Working Group 

Select Wurldng §ruup 
Select W.G. Within Bange 

Add Wells tu C.Sectiun 

Add tu 

Figure 14-9 

... 

.. 



14.3.1. Select Working 
Set 

14.3.2. Select Working 
Group 

14.3.3. Select Working 
Group Within 

Range 
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• Select Working Group Within Range 

• Add Wells to Cross Section 

• Add Lithology to Legend. 

You use the Select Working Set option in the same man­
ner as in any other application. lts use is explained in 
Chapter 5, section 5.3. Its purpose is to reduce a large set 
with many wells to a smaller set of wells which may be 
selected for any reason. 

Only the wells that are included in a working group can 
be added to a cross section. You may select a working 
group in many ways. One would be to use this option on 
the Wells menu, and manually pick wells one by.one 
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 or Y coordina tes, 
type of aquifer, etc. 

An alternative to selecting wells by names or identifica­
tion is to select them directly from a map. This will be 
explained in Section 14.4. Whichever method of selection 
you choose, the list of selected wells willlook something 
like what is shown in Figure 14-10. 

Once you idÍmtify a cross section line and have a list of 
wells comprising your working set, you may create wells 
to make your working group and add them to a cross 
section by specifying the range from the section line. 
When you select this option, the number you supply is 
interpreted by the program as the spacing on either side 
of the cross section line within which the wells will be 

· used and projected onto the section line. If you type 400, 
for example, this would mean that you want all wells 
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Unsalected ttems Seiecte<' 11ems 

Figure 14-10 

that are less than 400 m from the cross section line to be 
projected onto the line. 

Before you decide to crea te a working group, it is impor­
tant to check that there are no wells currentl y making the 
group. The method that you use to select wells will su­
perpose new wells onto the list of existing wells in the 
group, and you may plot sorne unwanted wells. Always 
display the list of selected wells by returning to the op~ 
tion Select Working Group. Check the list, as shown ih 
Figure 14-10, before you apply the next option, Add 
Wells to Cross Section. 

When you are satisfied that wells on the listas displayed 
with the option Select Working Group are the ones you 
wish to have plotted, you may apply the option Add 
Wells to Cross Section. There may be one intermediate 
step before you do this; that is select the width of li­
thological columns for wells. This is done by using op­
tion Options from the menu bar, which will be explained 
in Section 14.6. 

After you select Add Wells to Cross Section, the wells 
selected will be plotted. 
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Using this option you will be prompted to seiect li­
thological symbols that may appear on the currently dis­
played cross section to have them become a part of the 
legend. 

Selecting cross section lines and wells that will be plotted 
on cross sections directly from a map is a much more 
convenient method than creating cross sections by typ­
ing coordina tes 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 crea te either a working set or a 
working group. Of course, to use the option, you must 
have created one or more maps showing the locations of 
wells with available lithological data. You may create 
such a map using the Mapping application. 

Figure14-U 

l. Select Load Map. 

The procedure for se­
lecting cross section 
lines and wells using 
maps is explained 
with the following ex­
ample: 

2. The Load Map dialogue box as shown in Figure 14-12 
is displayed. In this example only one map has been 
created using the 
Mapping applica­
tion. The map was 
sa ved under the 
name- BASIC. You 
will double click on 
the name BASIC, or 
click it once and 
pressENTER 

3. The map as shown 
in Figure 14-13 will 

Sdcd aa o;rst~ng map 

1 

Figure 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 importan ce for lithological cross sections. 

4. You will notice severa! buttons vertically aligned on 
the right side. These buttons offer severa! options for 
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Figure 14-13 

selecting. wells . .You may select wells by selecting a 
rectangle, a free drawn area, points by points, or by 
drawing a cross section line and selecting a range 
from the line. 

Figure 14-14 shows a portien of the but­
ton line. If you select the button 
Sel.In Area, you will need to draw 
a polygon around the wells that yo u 
wish to select. You will start by 
clicking the mouse on ene point, .. ~~~~a 
move the mouse a certain distance, ··''~~-
click it again, and repeat this until 
you come close to the initial point. Figure 14-14 
Then you will click on the End 
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Point button to close the area. Using this button. the 
last selected point will connect witli the first pomt, 
completely closing the area. You may repeat the same 
procedure with another area, selecting sorne distant 
points that could not be entered into the first area. 
When you have finished creating areas for selecting 
wells to be in the working group (or working set), 
you must click on End Area. The selected wells will 
then become a part of either a working group or a 
working set, depending on what you ha ve attempted 
to create. 

Another way to select wells is to use the buttons 
Sel.Points and End Points as shown in Figure 14-15. 
Keep in mind that every method selected adds new wells 
to the working group Iist. So if you 
wish to start from scratch, you 
should go to Select Working Group 
option and unselect all wells befare 
you start adding them to the list. 

When you click on the Sel.Points 
button you may proceed by clicking Figure 14-15 

on or near a well location to be se-
lected, one by one. Each time you click on a new well its 
identification is added to the working group list. To end 
the selection, click on End Points. 

You may also use the option Sel.ln Rect. which stands 
for selecting wells within a rectangle. Click on this but­
ton, move the =sor to one of rectangle corners, click 
and drag the mouse and notice that a rectangle is being 
shaped. The button Sel.ln Rect. and the rectangle se­
lected with four wells in it are shown in Figure 14-16. 

Figure 14-16 
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You may also add wells by drawing a cross section line 
on the map. Todo this, select wells by defining the cross 
section line, and by displaying all wells that are 5000 m 
from the line. Select the last button la-
beled as Dig.End.Pts, as shown in Fig­
ure 14-14 and blown up in Figure 14-
17. Move the =sor to one end of the 
future cross section line. Hóld the left 
button of the mouse and drag the =­
sor to other end of the line. Release the 
button. The line will be drawn as 

Figure 14-17 

shown in Figure 14-
18. ... ~ .. z ... ~ .... ¡ ............ : ... ~ .. 

: ~~r Now go to the Cross 
Section menu and se­
lect New Cross Sec­
tion, a s s h o w n in 
Figtire 14-19. The pro­
gram will display the 
dialogue box named 
Cross Section Parame­
ters as shown in Fig­
ure 14-20. Only the 
coordinates of start­
ing and ending points 
of the cross section 
line, as drawn by you 
in the step before, 
will be displáyed. 
You should fill in 
other fields to 
complete the cross 
section definition. 
The display may 
look as shown in 
Figure 14-21. You 

Figure 14-18 

Figure 14-19 
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Stamng Poon1;.. ==--------, 
X llili!ilim y j9S7SOO 

¡ Endmg -• 
. X 1674460 Yj967400 
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Z Coordlnate 

Fromj 1 Toj 

Label Stap 
·,::el'--~ 

I
Scales 

Honzontall.j 1 VemcaJ 1:1 

Figure 14-20 

should definitely check the dimension to decide whether 
you need to modify the scale. 

If your working group was empty, you should go to the 
Wells menu, and select the option Select W.G. Within 

1 C..:ru~" St:t.1r•srf•.,roum:ltrs mm~: 

1 Stamng Poont 
• X j65S976 1 Y 19S7SOO 1 

1 

1 Endíng Poont 
. x j674460 1 y 1967400 1 

1 
ZCoordmate Label Stap 

From j-100 1 To 1120 1 110 1 

IScales 
. HonzontaJ 1 : lt60000 1 Vertical 1: 116ooj 1 

1 

1 iii/id.j ¡,~,, ¡~¡¡~;;;;;. J 

Figure 14-21 

Range. When prompted for distance, type 5000 as 
shown in Figure 14-
22. 

Now select the op­
tion Select Working 
Group to confirm 
that only the wells Figure 14-22 

/ 
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you Wish to have plotted comprise the list. The display 
in our example looks as shown in Figure 14-23. 

UnseJected ltems Setected ltems 

Figure 14-23 

The final step is now to add the selected wells to create 
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 rnay 
look as shownin Figure 14-
25. However, the widths of 
well lithological colurnns 
will be 10 mm by default. If 
this is not what you would 
like to have, befare you de­
cided to plot wells you 
should have selected an-

Select Working Group 
Select W. G. Wrthln Bange 

8dd Wells to C.Section 

Add uthology to Legend 

Figure 14-24 
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Figure 14-25 

other width. This is done by selecting the option Options 
on the menu bar, as shown in Figure 14-26, then selecting 
Column Plotting Style and clicking on Set Column 
Width. The dialogue box labeled 
Log Plotting Style will open 
prompting you to type another 
colurnn width in millimeters. The 
dialogue box is displayed in Fig­
ure 14-27. Type the new number 

s 'Secti¿l) [c;\gwd\cé 
' ' ' . ~~:-:' ' 

Options 
Set Colurnn Widtl1 

and select OK or press ENTER Figure 14-26 

In the termi­
nology of 
the GWW 
package, 

Horizontal Scale 1: ~~i~li~ll~! ====i 
Column Wldth [rnrn] /L.:S:...._ ___ __, 

O Plot Well Const..-uction 

Chernlcal Constltucnts 

To the Alght 

To th~ Lett 1 <1 

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 model is a collection of 
sorne value for each cell of a model.In the Mapping Ap­
plication you decide on the grid, the number of rows and 
co!UIIUlS, and the spadng along rows and columns. You 
then use the program to interpolate or extrapolate ran­
dom values at sorne points to create a grid model in 
which a selected parameter will have one value for ea eh 
cell of the model. These grid models are saved internally 
with sorne meaningful names. 

In the case of cross sections, you may be interested in 
having the following lines drawn: 

• Ground surface elevation. 

• One or more water table or piezometric pressure ele­
vations. 

• One or more lines connecting either lithologic units 
or stratigraphic formations. 

We may add one or more such lines to complement our 
lithologic cross section. 

-. 

You will notice the option Grid Model on the applica­
tion's menu bar. When you select this option the sub­
menu as shown in Figure 14-28 will be displayed. The 
Get Intersection Line option offers a list of al! possible 
grid models in your current GWIS. The Edit Line Attrib­
utes is a routine Wm­
dows procedure to 
select colors, line 
thickness and pattern 
(solid, dashed, dot­
ted, etc.), and label­
ing fonts. The Plot 
Intersection Line i s 
the plotting option or 
adding the line onto 
the cross section. The 

Cross Section {c:\gwd\lesr. 

§rid Model 

§et lntersection Une 

lntersection Une to 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 line to the leg­
end. You should use these options starting with the top 
and ending with the bottom. 

When you select the option Get Intersection Line, the 
dialogue box as shown in Figure 14-29 displays a list of 
all available grid models and prompts you to select one. 

When one of the available 
grid models is selected, the 
options Edit Line Attrib- " ...... _._ .... _-_____ , 
utes and Plot Intersection 
Line are available, as shown 
in Figure 14-30. When you 
click on Edit Line Attrib­
utes, the dialogue box as 
displayed in Figure 14-31 
prompts you to modify the 
default line pattern (one of 
six possible combinations, 

Figure 14-29 

see Figure 14-32); default line thickness, whichis 2 (2/10 
of a millimeter) using 
the thicknesses from 2 
through 10 (see Fig­
ure 14-33); line color 
using the whole Wm­
dows-supplied pal­
ette; label font (see 
Figure 14-34); etc. You 
may break the line by 
inserting certain text 
such as SWL for static 
water level, or the 

f.dit Une Attributes 
Elot lntersection Une 
lntersection Une to 

Figure 14-30 

name of a formation. For this you use the Label field. The 
entries Distance #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 num-
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Pen Attributes 

Thickness 

Une Pattem 

lsolid Une 

CROSS SECTIONS · 

Une Attributes 

label 
'--------;::==:::::; 

Distance #1 )mmJ!4o 
i===~ 

Distance 1 2)mm) ._!1_20 _ __, 

1Ft!ipne,9'>1or>>tttil !f.":i.31>9íFoof;:¿;;; H 
1\tt!!iiitNf:Ñ 1 f!It:añii<ll<tl . 

Une Pattem 

Figure 14-32 

Figure 14-31 

Pen Attributes 
Thicl<ness 

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 
you are plotting the !""~····~~~~~~~-=~-¡ 
ground surface ele- Dl!old 

vation line and 
want to label it as 
LS Elevation, the 
plotted segment 
with the label may 
look as shown in 
Figure 14-35. 

Figure 14-34 

O.U.nderUne 
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14. 7.4. Plot Intersection Once you ha ve selected a line to plot, edited it and modi­
Line fied the defaults, you may plot it by selecting the option 

Plot Intersection Line. 

14.8. LEGEND 

14-22 
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Figure 14-35 

Adding a legend toa cross section was briefly mentioned 
in Sections 14.2.8. through 14.2.10. Yo u will notice a block 
of options on the Cross Section menu, Figure 14-36, on 
the Wells menu, Figure 14-24, and on the Grid Model 
menu, Figure 14-28. 

The option Make Legend on the Cross Section menu 
prompts 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 yo u may place 
the legend frame to any place on the cross section draw-
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Make Legend 
Write Text to Legend 
Write S cale to Legend 

CROSS SECTIONS 

ing, ei ther wi thin the cross 
section or outside. Again, you 
should be careful and pay at­
tention to the size of the draw­
ing field of the reporting form 

' / 
that you will select for print-

Figure_14-36 
ing, as well asto the size of the 

cross section drawing to be placed on the reporting form. 

Legend Posltionfng 

Relate a»mer points of mep and legend 

Legend Comer Polnt 

Lowerlcft 
Upperleft 
U er Riah1 

Additional Oftse~ 

X 1-5 1 Y l.!__j 

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 
cerner of the cross 
section, with 5 mm 
offset from the right 
vertical axis and 1 
mm above the 
lower x axis. When 1%\FoiN}~ l(~&;fj 
you make the leg-
end frame it may 
not be always dis- Figure 14-37 

played immedi-
ately. If this is the case, you should refresh the screen dis­
play by selecting one of sizing buttons (the small arrows 
in the upper right comer of -~· 

·the window). ·"·'' 

The next step is to write sorne 
text using the option Write 
Text to Legend from the 
Cross section menu. Suppose 
you type the word LEGEND 
as shown in Figure 14-39, 
then select the option Write 

; ... ,• 

,......!===~,.,.,/~>' 
.. , · . · · · V7-ó156 ·.·-' 

.. : ~- . . 987.588 ''. 

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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!LEGENDj 

Figure 14-39 

CROSS SECTIONS 

Select Worlcing l>roup 
Select W.G. Within Bange 

Add Wells to C.Section 

Units wil! list al! available 
codes for lithology. This is 
shown in Figure 14-41. Since 

Figure 14-40 

( ~ , Scfed ti1h Units 

CLAYH 
CWG 
CWIOS 
DOLO 
GRAVEL 
GRAVELC 
GRAVELF 
C>NC 

Figure 14-41 

lithological cross sec­
tion with the legend 
block may look as dis­
played in Figure 14-43. 

Using Options menu 
you may enhance your 
cross section by adding 
well construction de­
tails and deciding on 

the legend block will con­
tain codes copied as they ap­
pear in the list, you should 
select only the ones that 
ha ve a clear description of li­
thology. The acronym 
CWIOS, which was created 
to present Clay 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 

LEGEND 
1:150000 
1:1500 

~CLAY 

. O 0, OMIB. 

·>>>> SAAD 
-110. 
.. '· 

.. c-....... .. 

Figure 14-42 
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Figure 14-43 
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plotting one or two chemical constituents along the 
wells. 

When yo u click on Options from the main menu, the dis­
play is as shown in Figure 14-44. You are offered to select 
the Column Plotting Style orto Edit Chemical Concen­
tration Parameters. The first one is used for adding well 

. Figure 14-44. 



14.9.1. Column Plotting 
Style 

14.9 .2.. Edit Chemical 
Concentration 

Parameters 
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construction details an for selecting the width of vertical 
columns (with or váthout well construction). 

When activated this option expands to a dialogue box as 
shown in Figure 14-45. The box, titled Log Plotting 
Style, offers by default the horizontal scale 1:100 which 
can be overridden. It also offers a colurnn width of 5 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 be displayed. 

The lower part of this dialogue box willlet yo u select one 
or two chemical constituents to be displayed either on 
left or right side of the lithologic colurnn. By default, 
none constituent is selected. However, if yo u wish to plot .. 

1 

Horizontal Sea le 1: !IIilil 1 

Column Width Imm)ls 1 

O Plot Well Construction 

Chemical Constitucnts 

To !be Rightj<none> @! 
To the Left l<nonc> ~~ 

[Js\OltWl~ lü&~~@Fj 

Figure 14-45 

a constituent, click on the bar with arrows on either To 
the Right or To the Left option. GWW will open a list 
with all chemical constituents that you have declared in 
the Data Structure too! on the GWW Main menu bar for 
the applic¡1tion Concentration-Depth. One example of a 
list of constituents is shown in Figure 14-46. 

The second option under the Option menu is titled Edit 
Chemical Conc.Params. It is intended to give you a 
chance to enhance the presentation by selecting several 
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attributes for ea eh 
.constituent to be 
presented. When · 
you click on Edit 
Chemical 
Conc.Param.S, the 
dialogue box as 
shown in Figure 
14-47 is dis­
played. Titled 
Constituents At­
tributes, i t p re­
sents the list of 
constituents on 
the left side, and 
attributes such as 
Line color, Fill 
color, and the range 
of values to be dis­
played. You may 
also choose be­
tween logarithmic 
and linear (bar) dis­
play, and you may 
select the width for 
plotting the concen­
tration-depth dia­
gram on the cross 
section. 

CROSS SECfiONS 

Horizontal Sea le 1: ~~1=:00====~ 
Column Width (mm] L.:ls;__ __ _.J 

O Plot Well Construction 

... 
•• HC03 
Cl 

~~ 

Figure1446 

Plottlng 

lfli.'tió.~i ~1 !;;mciioi.:o:¡ 

1• 1 ~1,·~··~-
Width tmmJ lor ~:n~u r,¡j"l 

scction plotting ~ 

O L.ugaritmic O Bar 

Figure 14-47 

One example of a lithologic cross section with well con­
struction details is shown in Figure 14-48, and with 
chemical content diagrams on Figure 14-49. Both well 
construction and chemical concentration ofChl.oride and 
the total dissolved solids are shown in a zoomed portien 
of the same cross section in Figure 14-50. 
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Figure 14-48 
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Figure 14-49 
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,..,. line300-CI-TDS 

on theleft si de (max. 220 ppm) 

TJ:S on theright side (max. 2200 ppm) 

Figure 14-50 
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CHAPTER FIFTEEN MAPPING APPLICATION 

15.1 INTRODUCTION 

15.1.1. General Using this application you may crea te vaiious them'\tic 
maps: 

• Location maps with wells, sampling points, survey­
ing points, benchmarks, etc. 

• Contour line maps showing ground surface eleva­
tion, water levels, depth to water, equal transnússiv­
ity lines, TDS contour lines, contanúnant contours, 
etc. 

• Landfill and other facilities boundaries, extension of 
contaminant plumes, etc. 

This application is a utility for creating maps, adding 
legends, superimposing variouslines, areas, points and 
texts, and reporting. It uses the information from the 
data base, with the Make Random option (see Chapter 
Five) from other applications. It creates grid models 
from random points, associating a value of a distributed 
parameter with each cell in the model. 

Location maps created in this application but based on 
the Random Model routine from other applications are 
used to select working sets of wells directly from the 
map. 

15.1.2. Application's As shown in Figure 15-1, the Mapping application is 
Content comprised of the following major options: 

• Map 

• Grid 

• Random 

15-1 
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• Area 

• Une 

• Text 

• Help 

. . . 

~~ .:Y· · . Mappi~g {c:\gwd 

Map Grid Random Area !,ine Iext Help 

Figure 15-1 

The sequence of operation is normally as follows. 

l. You selecta coordinate system for a new map. This 
means you select the range of X and range of Y val­
ues. Then you dedde on the scale of the map, check 
the cllinension of the map at selected scale. You select 
sorne attributes for the map, such as fonts, colors, etc. 
All this is done using the Map menu. 

2. The next step is to use one set of random points to (a) 
add them and display on the map, (b) create a grid 
model from random points. This is done using the 
Random menu. 

3. You enhance your map by adding various 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 create a grid model from 
random points, to calculate various contour lines, 
and to add contours to the map. You may enhance 
your contour map by adding colors to certain areas. 
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15.2. MAP The Map menu serves to create a map, to assign various 
attributes to the display and report, to save or copy 
maps, to select the scale and to check dimension of the 
drawing. It is also "fl-Sed 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 select a reporting form and to 
print a rnap. 

Maps are created and saved as interna! files. After you 
crea te a map, display it on the screen, and print it, you 
may save the completed map under its own Ílam.e. Maps 
then become an integral part of the Ground Water Itúor- . 
mation System (GWIS). You may retrieve maps any time 
you open your data base, you may_also print a map, or 
add sorne content. 

Depending on when you activa te the Map menu, so~e 
or all of the following options will be available, as shown 
in Figure 15-2: 

• NewMap 
,NewMap 
New Map !)ke ... 

• New Map Like ... Qldlolap 
. .. 

~learlolap 
... . 

• OldMap 
jiave Map .. 

• OearMap Save MapA<; .•• 

• SaveMap 
Make Legend 
Write Text lo legend 

• Save MapAs ... 
Write Scale lo Legend 

fdlt Paramelers 
• Make Legend 

Prinl Map 

• Write Text to Legend Prlnt Setup 
Dimension 

• Write Scale to Legend · lmport DXF Ale 

• Edit Parameters Exit All-F4 

• PrintMap Figure 15-2 
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-----
• Print Setup 

• Dimension 

• Import DXF File 

• Exit 

15.2.1. New Map When you select New Map, the dialogue box as shown 
in Figure 15-3 will be displayed. It will prompt you to 
define the mini-
mum and maxi­
mum coordi­
na tes for the 
map, tick dis­
tance (the spac­
ing between tick 
marks along 
axes) and scale 
of the map. An 
example of a­
filled in Coordi-
nate System Pa-
rameters 
dialogue box is 

Ta 

Ta 

Uao" i• 11 

Scat• 1. 

Figure 15~3 

shown in Figure 15-4. It would be interpreted in the fol­
lowing way. The 
map will originate 
at the lower left 
point with coordi­
n a t e s 
628000,938000, 
and will termínate 
at the upper right 
point with coordi­
n a t e s 
678000,970000. 
Ticks will be 
drawn on the in­
side of the map 

)(Cooon:a·-

1 To !S7100D 

FfDM 1 530000 To lnaaoo 

Td.Oo.....,. j 

--· 

Figure 15-4 
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border at 5000 units spacing. The scale of the rnap will be 
1:250,000. 

You will also have a chance to control the rnap drawing 
by selecting the More button (see Figure 15-3) which will 
then open another dialogue box as shown in Figure 15-5. 
o----------------------------·--, 
· Map 0(awmg Par.amr:lcrs , , l 

Margins fmmf 

left UWI 1 Right ~ Above 112.5 Below ~ 

Figure 15-5 

Font 

1~14!~~,};~111 
Tick Height fmm) 

1100 

There you Ínay control drawing rnargins, colors of vari­
ous parts of the drawing, lines and fonts. Keep in rnind, 
that the rnargins refer to the frarne around the drawing, 
not to page_ rnargins. This is nota "fit-to-page" drawirig, 
but rather it should fit the reporting forrn that you rnay 
ha ve created using the option Tools frorn the rnain rnenu 
bar, followed by Report File Editor. You rnay also rnod­
ify the default tick height of 100 mm. 

Use the New Map Like ... option to create a new rnap 
using one of existing rnaps but without any content, ex­
cept for coordina tes of the rnap, scale, and drawing pa­
rarneters. Actually, you will use everything frorn the 
existing rnap except its content. This option is useful 
when you are not satisfied with the rnap content for 
whichever reason. Say you wish to rnodify the legend, or 
you wish to change attributes for any line that is dis-
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played. When you select this option you will be 
prompted to specify which one of existing maps you 
wish to copy, as shown in Figure 15-6. All yo u will see on 

. ::,.,: '~: '· 
.~ ·<: :,~ 
~ 'i'':i~: 
·' ·f: ·:,; 

-------------
. , Nr.w Ma~ Lite 3n Ex1stmg Onr" , ' 

Select an Existing Map 

BASIC 

Figure 15-6 
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. • ' :r-. --;-.,-'----j---:---'----i------.....:..-
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FigUre 15-7 

the screenwill be the coordina te system, as shown in Fig­
ure 15-7. 

15.2.3. Old Map When you select this option the dialogue box similar to 
the one shown in Figure 15-6 will open. The GWW pro­
gram displays the list with all named maps saved in pre­
vious sessions. 
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You will use this option when you will want to display 
the map, print it as it is, or modify it before printing 
and/ or saving. When you select one of listed maps, it 
will be displayed on the screen. The name of the· map 
will be displayed in the title bar on the top. 

~ NOTE. Always look at the title bar to see with what you are 
currently working. This helps to prevent accidental changes, 
unwanted saving and overwriting. 

15.2.4. Clear Map This option clears the content of the currently selected 
map. What remains is the coordina te "system", that is the 

. X and Y coorclinate axes, scales, and attributes. lf you 
keep working with this "cleared" map and save it under 
the same name, that is by selecting option Save Map, the 
previous content will be erased ("cleared") and the new 
content will be saved instead. 

15.2.5. Save Map When you finish working on a map you may want to 
save it. You have two options: (1) to save it under the 
name that is displayed in the title bar, (2) to save it under 
a different name. The option S ave Map saves only under 
the same name as shown in the title bar. lf this is an un­
titled map, that is a new map, this option will be 
dirnmed, which méans unavailable. 

15.2.6. Save Map As •.• When you work on a new map, this will be the only "sav­
ing" option available. You will be prompted to assign an 
interna! map name. If you worked with an existing map 
(yo u used the option Old Map ), you will ha ve the option 
to save it by selecting either Save Map, in which case the 
same map title will be kept and its content overwritten, 
or by using the option Save MapAs ... , in which case you 
will assign another name to the moclified map without 
affecting the content of the ene you started with. In this 
second case the dialogue box simil'ar to the ene shown in 
Figure 15-6 will be displayed. 

15-7 
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15.2.7. Make Legend You will notice a block of options on the Map rnenu, Fig­
ure 15-2, on the Grid rnenu, Figure 15-11 (Add to Leg­
end), and on the Random rnenu, Figure 15-26, on the 
Area menu, Figure 15-40, and on the Line rnenu, Figure 
15-46. 

15-8 

The legend will normally consist of sorne text, scales, 
various points, contours, additionallines, such as rivers, 
roads, landfill facilities, mines, etc. Using this option, 
you rnay position the legend box onto the drawing, as­
sign its X and Y size, and add sorne offset to the frarne to 
rnove it from the drawing's frarne. 

The option Make Legend on the Map rnenu prornpts 
you to select the relative position of the legend frarne 
within the drawing. The dialogue box is displayed in 
Figure 15·8. With a little bit of patience yo u rnay place the 

> ' ~ ' ' lcgend Posítioníng , 

Relate comer points Df map and legend 

AddHional Offse~ 

xl 1 Yl__j 

Figure 15-8 

legend frarne to any place on the rnap drawing, either 
within the map or outside. You should be careful and 
pay attention to the size of the drawing field of the re­
porting form that you will select for printing, as well as 
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to the size of the map drawing to be placed on the report­
ingform. 

For examples on how this may work see Chapter 14, 
Cross Sections. 

15.2.8. Write Text to 
Legend 

Yo u may write so me text to the legend, line by line. Ea eh 
time yo u select this option, yo u will be prompted for text 
and for fonts for the text. The text lines will be printed in 
vertical succession from top to bottom within the legend 
frame you designed using the option Make Legend. 

15.2.9. Write Scale to 
Legend 

Using this option the program will add the scale for the 
map to the legend. 

15-9 

15.2.10. Edit You may edit the parameters of an existing map. When 
Parameters yo u select tlús option, the dialogue box as shown in Fig­

ure 15-4 will be displayed. You may modify anything in 
tlús box, although normally, you will probably want to 
change the scale, the tick distance, and one or more map 
drawing parameters. Remember the More option (but­
ton) opens another dialogue box in which you control 
drawing parameters, Figure 15-5. The normal procedure 
in editing map parameters would be to select the scale · 
and then check the dimension (size) of the map by select­
ing the option Dimension from the same menu. The dis­
play may look as shown in Figure 15-9. If not satisfied, 

· · Drawiog Dirñens•on ~~§!~;~t 

r:::~:!=1~::uc::~!!::1li~ 
;: Vertical(cmp: 15.3 ¡.:•.:: 
\.::t:.m:g:-;:.::.oz~·~~~;:AA-:;$;:;ur1i±~-::::::;um~nm:w~m:1iE 

Figure 15-9 
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you may return to the Edit Parameters option and rnod­
ify the scale. 

15.2.11. Print Map When you decide to print a map, the program will dis­
play the list of all the available reporting forms. You may 
select cíne of the forms, and the program will print the 
report. In the Mapping application, there are two default 
forrns: landscape and portrait. 

15.2.12. Print Setup This option is explained in Chapter 5, Section 5.4. 

15.2.13. Dimension As mentioned earlier in paragraph 15.2.10., you will use 
this option frequently to check the size of the drawing. 
The numbers, which are in ceri.timeters by default, as 
shown in Figure 15-9, include drawing margins. The fol­
lowing is important to keep in mind. Maps are printed 
using either a default reporting form or one which you 
created. When you create a reporting form, you assign 
the dimension and position of the drawing field. The di­
mensions assigned using the Tools option on the main 
menu and Report Form Editor should match the dimen­
sions of your current map in order to print its whole con­
tent. 
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For example, you currently have a map reporting form 
which is prepared for the drawing size 250 mm horizon­
tally by 154 mm vertically in landscape orientation, and 
180 mm horizontally by 250 mm vertically in portrait ori­
entation. If your drawing's dimensions, as displayed us­
ing this option, are less than the reporting fórm's 
drawing field, the map will be centered within the draw­
ing fiel d. If they are greater than the drawing field, a por­
tien of the map will not be printed. What will be printed 
will start at the lower left comer of the reporting form's 
drawing field. 



15.2.14. Import DXF 
File 
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One of the featu.res of the GWW package is to that it al­
lows files to be imported from other major graphics pro­
grams. One standard is the Drawing Interchange File, or 
DXF format, produced by Autodesk for AutoCAD 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 lines 
such as roads, rivers, 
and the like, and sorne 
limited text. When 
you select this option, 
the program will dis­
play a dialogue box 
such as the one shown 
in Figure 15-10 
prompting you to se­
lect a file with a .dxf 

= hnF<Ort OXF Fde 

FUeoeme: .,IB,_ ___ .JI l:::a;.j · 
Directoty. C::\GWD 

Alea: Dlrectories: 

Figure 15-10 

extension. The pro- . 
gram will then translate the file and display the range of 
X and Y coordinates and the range of Z values for con7 

touring on the screen. 

If yo u do not have a new map displayed on the screen, 
this is all that you will get from an imported .DXF file. 
However, if you know the range of the X and Y coordi­
nates and have created a new map befare importing a 
.DXF file, the GWW program will translate the .DXF file 
and plot the contours onto your map. 

On the distribtttion diskette you will find óne example 
with a .dxf contour file labeled as basemap.dxf. This is a 
direct output file from ÁutoCad. To reproduce the map 
do the following: 

l. From the Mapping application menu select Map. 
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2. Select Import DXF File. As shown in Figure 15-10 
double click on the file narne basemap.dxf. There will 
be a window showing the current operation, which 
is reading the file, line by line. It is a huge file, and it 
will take sorne time to read it al!. When the reading 
is done, there will 
be a window dis­
playing the range 
of the values of the 
X and Y coordi­
nates, as shown in 
Figure 15-11. The 
range for the X co­
ordina te is from -
9275.2 to 14642.41, 
and for y coordi­
nate it is from -5199.09 
to 13384.33. 

3. Remernber the ranges 

x- coordlnate range 
-9275.21 to 14642.41 

y- coordinate range 
-5199.09 to 13384.33 

Figure 15-11 

of X and Y values. Go to the Map menu and select 
New Map. Fill in the dialogue box with the following 
values: X Coordinate from 12000 to 13200, Y Coordi­
nate from 4000 to 4800, Tick distance 100, S cale 10000. 
Wait until the map coordinate 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 coordinate values. 

Figure15-U 



15.3. GRID MENU 

15.3.1. Content 
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5. With the map coordinate system still on the screen, 
select again Import DXF File. The procedure in step 
2 will be repeated but the program will continue with 
plotting the map content, that is contour lines, roads, 
etc. When you zoom into a portian of the map, it may 
look as shown in Figure 15-12. 

Contour maps require data to be in a special regularly 
spaced format before such maps can be generated. Grid­
ding is the process of taking random data ( or data a t ran­
dom points) and through interpolation and 
extrapolation converting the data to the regularly spaced 
form, which is then used to create a surface repre­
sentation. Gridding is the heart of the Mapping applica­
tion program. 

Remember that the term GRID may imply an empty 
model on one hand, ora grid model in which every node 
has an associated "Z" value on the other hand. The "Z" 
value can be ground surface elevation, static or any 
water leve!, depth to water table, total dissolved solids, 
thickness of an aquifer, elevation of a stratigraphic con­
tad, concentration of a contaminant, transmissivity of an 
aquifer, and much more. 

The term model implies a rectangle made up of rows and 
columns. The gridding routine attempts to interpolate a 
"Z" value at the intersection of each row and column. 
This intersection is called a node. Smoothness of the final 
contours is normally a function of input data, grid den­
sity, and search parameters which are built into the pro­
gram. Yo u may override this last parameter by assigning 
more or less importance to distant points. 

: .. .::. 
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The second option on the ap­
plication's menu bar, Grid, is 
comprised of the following, 
as shown in Figure 15-13 (no­
tic e that not all options on 
this menu are available at a11 
times): 

• NewGrid 

• New Grid Like ... 

• Old Grid 

• SaveGrid 

• Save Grid As ... 

• Edit 

• Add Contours to Map 

• Add Color Regions to 
Map 

• Add Area to Map 

• Add to Legend 

• Make Grid from Random 

• Make Contours 

• Make Color Regions 

• Set Subgrid Area 

• Get Subgrid Area 

• Clear Subgrid Area 

• Standard ASCII I/0 

• Output to DXF File 

MAPPING APPLICATION 

NewGrid 
New Grid ].ike ... 
.Qid Grid 
~>-._,._ .. ~·.=~=== 

Save Grid As ... 

J;_dil ~ 

Add Contours lo Map 
Add Color Regions To Map 
Add Area lo Map 
Add lo Legend 

Make Grid from Bandom 
Make Contours 
Make Color Regions 

Set Grid Area 
Get Grid Area 
Clear Grld Arca 

Standard ASCIIIfO ~ 

Outputlo DXF File 

Figure 15-13 

You use the New Grid option in the same manner that 
you use the New File option. You will be prompted to 
define the m o del, that is its origin (Xo and Yo), which by 
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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 Minimum X and Y coordi­
nates of the grid model; 

Dx and Dy The distances in units of 

MAPPING APPLICATION 

Figure 15-14 

length (meter, feet, etc.) between X and Y grid lines, re­
spectively; 

Nx and Ny Number of grid lines in the X and Y dimensions. 

The number of grid lines in the X and Y dimensions must 
be a positive integer (without a decimal point) greater 
than one. The distance in data units between the X or Y 
grid lines rnay be a positive real quantity (with a decimal 
point). For square grid cells, the Dx and Dy values 
should be equal. It is expected that the interpolation 
process will be finer, smoother or better when the num­
ber of grid lines is increased and the distance between 
lines reduced. How-
ever, the process of 
calculating contours 

· takes longer. 

One example of grid 
parameters is shown 
in Figure 15-15. The 
model covers an area 
from X mínimum 
628000 to X maxi­
rnum 678000;that is 
50 km since the data 
unit is meters, and 

Xo 1628000 

Yo 1938000 

DyllOOO 

Nx 150 1 Ny I32J 1 

lfif119Ki\Hfi jt;1~ij 

Figure 15-15 

from Y minimum 938000 to Y maximum 970000, that is 
32 km. The discretization of the space is done with 50 
columns and 32 rows, each of 1000 m length. Thus the 
rnodel cells are squares of 1 km2 each. 

• 
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15.3.2. New Grid Like ... When you select this option only the grid parameters as 
displayed in Figure 15-15 will be copied from the se­
lected grid, not the "Z" values 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 creating a grid model of another "Z" 
parameter. The dialogue box such as the one shown in 
Figure 15-16, offers you a list of a11 available grids. 

1 1 11 J 
1!~ 
wl87-7 ""'"""" Mlióó<irl 

~ 

GRll>Z -· wll7-11 
wl87-7 

f.•.;;f¡j(•."'l 

[t>oidl 
líí"""')j 

Figure 15-16 Figure 15-17 

15.3.3. Old Grid You will select an existing grid to make contours or to 
add color regions to your map. The dialogue box, such 
as the one displayed in Figure 15-17; will display the list 
of available grids. 

15.3.4. Save Grid When you select an existing grid and use it for whatever 
reason (the most obvious one is to make contours, dis­
play them and print the contour map), you may save it 
under the same name as the one you used to select the 
grid. You may modify the grid by reducing the distance 
between the X or Y lines, or modifying the grid coverage 
by changing the number of cells in X and/ or Y dimen­
sion. Whatever modification you make, you may save 
the grid under the same name. This command will 
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· change the grid to reflect any changes you have made to 
it. lf the grid you are working on has not previously been 
named (e.g. you are creating a brand new grid), GWW 

• 
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displays a dialogue box that lets you enter a name and 
path. 

NOTE. The grid names are internal file names, not ASCII 
files. You may create equivalent ASCII files using another ap­
tion on this menu. 

By using this command to give your grid a different 
name from what it had, you can save the current 
(changed) version without disturbing the original ver­
sien. The name should be different from any other file; 
otherwise you will replace the file that already has that 
name. This option displays the Filename dialogue box 
similar to Figure 15-16 or Figure 15-17. Entera name and 
path and click on OK, and 
GWW creates another 
file with that name. When 
resume working, you are um,rL-.J 

ing in the new grid. 

15.3.6. Edit The option Edit on this menu 

15.3.6.1.Edit Grid 
Parameters 

15.3.6.2.Edit Contour 
Attributes 
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opens up with additional op-
tions. These options are shown 

. in Figure 15-18. The major op­
tions for editing are: · 

• Edit Grid Parameters 

• Edit Contour Levels 

• Edit Contour Attributes 

• Edit Color Intervals 

Figure 15-18 

Using this option, you are given anóther 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, you are losing its con­
tent. In other words, for any change you need to make 
the grid again ('Make Grid from Random'). 

After you select Edit Contour Levels, the program al­
lows you to select Main Contours or Auxiliary Con-



15.3.6.3.Edit Contour 
Levels 
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tours to edit, as displayed in Figure 15-19. In the temu­
nology of sorne other 
contouring packages, 
these options are 
equivalent to I.abe!ed 
a n d Unlabeled e o n­
tours. Main or labeled 

r!FI'·b·'·''·'''?~ Auxilliary Contours 

Figure 15-19 

contours will contain in-line contour labels. 

Whichever contour you select, main or auxiliary, GWW 
will open a dialogue box giving you an opportunity to 
rnodify or control almost every attribute of a contour 
line. This is normally line thickness, line pattern (solid, 
dashed, dotted, or cornbinations), line color, fonts for la­
beis, etc. The display is the same as shown in sorne ear­
lier figures, such as Figure 14-31 in Chapter 14. 

GWW assigns sorne default 
minimum and rnaximum con- "'"" Levels 

tour levels and contour inter- l'[IZ§~~~ili}J~ 
vals, depending on the range }; 
of the "Z" values found in a 
grid. However, this rnay not 
be what you want to use. Af­
ter you select Edit Conto.ur 
Levels, GWW will display the 

::1~~eo~~~~s !~~':e~~; .1}1i·í~;fiíl j;~;~j 
either rnain levels or auxil-
iary levels, or one after the Figure 15-20 
other. 

If you select the Regular Values 
option, GWW will open another 
dialogue box as shown in Figure 
15-21. There you should specify 
the rninimurn and the maxi­

. mum contour line levels and the 
step. The program wil! then 
make contours at equally 

From ~~·~===:::\ 
To 

:====:; 
Stop 

Figure 15-21 



15.3.6.4.Edit Coior 
Intervals 
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spaced intervals using the step you supplied in this box. 

If you wish to specify discreet 
contour levels for plotting, 
rather than equally spaced in­
tervals, use option Edit and 
specify an irregular nurnber 
of data units between contour 
lines. Contour levels do not 
have to be in any speci.fic or­
der, or equally spaced. One 
example of editing contour 
levels is shown in Figure 15-
22. 

75.0000 
so 0!100 
as .oooo 
'JO 0000 
'JS 0000 

lOO' ocoo 

I~HU~H'Hfl ti?~)};] 
CtrH=Ins Une. 
ctn-D=Del Une 

Figure 15-22 
1 

Titis option is used to specify color intervals and color 
values for various intervals. The option will ha ve sense 
only if you wish to print a contour map enhanced with 
color intervals. For this you need a color printer. When 
yo u select this command, the display will be as shown in 
Figure 15-23. The program has preselected sorne default = . . . . . . .. . ·m:~ 

Figure 15-23 



15.3.7. Add Contours to 
Map 

15.3.8. Add Color 
Regions to Map 
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intervals for you and has assigned a palette of colors to 
each interval. You may override this by clicking with the 
mouse any interval you wish to modify and by clicking 
on a color from the color palette displayed in this dia­
logue box. You may also edit intervals for coloring. Just 
as in the option for setting contour levels you ha ve two 
options: (1) Set Regular, or from the minimum contour 
leve! to the maximum, and assigning sorne u.niform leve! 
step; (2) Edit, in which case you type any interval you 
wish. 

lbis command is interpreted by GWW as a combination 
of two commands: 

• Make contours, and 

• Add contours to the map 

The program calculates contours from the currently se­
lected grid file, using the currently selected contour lev­
els and contour attributes and draws the contours into 
the map, displaying the same. . 

lbis option will be available only if you have selected a 
grid with values at the intersection of ea eh colurnn and 
row. In other words, you must have used the option 
Make Grid from Random Points either during the cur­
rent session or earlier. 

lbis command is interpreted by GWW as a combination 
of two commands: 

• Make color regions, and 

• Add color regions to the map. 

It will be available only if you have selected a grid with 
values at the intersection of each colurnn and row. In 
other words, you must have used the option Make Grid 
from Random Points either during the current session 
or earlier. 



15.3.9. Add Area to 
Map 

15.3.10. Make Grid 
fromRandom 
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This option is added to the Grid menu for convenience. 
Areas will be explained further in Section 15.5. Although 
you may creaté many areas, that is, closed lines that en­
circle a certain portien of the map, and give them differ­
ent names, only ene area can be selected as the current 
area. You rnay add this area to the map in this menu or 
in the Area menu. In the latter you may edit plotting pa­
rameters, make an area transparent or not, assign d.iffer­
ent line patterns, colors, etc. 

Th.is is one of the most important routines in creating a 
contour map. Before you can make a grid from random 
points, you must select a random model. The Random 
Model menu is discussed in Section 15.4. and its sub­
sequent paragraphs. 

Th.is is a command which interpola tes and, if necessary, 
extrapolates values of the "Z" parameter from·d.iscrete 
random points to the regular model grid. To rnake it 
work you must have a currently selected randorn model 
and a currently selected grid. If ene of these two is rniss­
ing, this command will not be available. 

If you do execute this command, you rnay use its resultS 
to crea te a contour rnap, to save the grid selected but now 
with associated values at the intersection of each column 
and row in the rnodel, or you may save the grid in an 
ASCTI or .DXF file. 

15.3.11. Make Contours Th.is is also a command which will be available only if 
you have selected a grid which has calculated values at 
the intersection of each column and row. The command 
will not display contours by itself. For this you need to 
actívate the command Add Contours to Map, as ex­
plained in 15.3.7. 

15-21 
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15.3.12. Make Color 
Regions 

Thls is also a command whlch will be available only if 
you have selected a grid whlch has calculated values at 
the intersection of ea eh column and row. The command 
will not display color regions by itself. For thls you need 
to activa te the command Add Color Regions to Map, as 
explained in 15.3.8. 

15.3.13. Set Subgrid 
Area 

Thls command is used to make contours within one or 
more closed areas. It is equivalent to blanking specified 
portions of a previously created grid. You may blank in­
side or outside the subgrid area. The subgrid area is an 
area digitized by yo u using the Area menu or input asan 
ASCII file also from the Area menu. If the area was dig­
itized using a clockwise direction of digitizing points, 
the area outside of the subgrid area will be blanked and 
contours and/ or color regions wi).l be applied only to the 
interior of the subgrid area. The opposite is also true. 

15-22 

A subgrid are a may contain more than one are a. Yo u will 
learn in Section 15.5.2 to create an area file with more 
than one area. You may also create subgrid areas using a 
digitizing program or a text processor from outside the 
GWW package. A portian of a subgrid area, saved as an 
ASCII file, is reproduced below. 

2396063.0000000 
2396602.0000000 
2397164.2500000 
2397333.50(}()Q()o 
2396552.0000000 
2396070.7500000 
2396063.0000000 
r 
2397834.0000000 
2398492.5000000 
2398769.7500000 
2398045.7500000 
2397718.5000000 
2397834.0000000 
¡• 

403318.6875000 
403703.6875000 
403684.4375000 
402960.6562500 
402594.9062500 
402879.8125000 
403318.6875000 

403703.6875000 
403850.0000000 
4031955000000 
402779.6875000 
403368.7500000 
403703.6875000 
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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. If this 
area is "set," the contours will be produced in these two 
closed areas only. 

15.3.14. Get Subgrid You may have more than one subgrid area within which 
Area you wish to contour. With this command you will be 

prompted to select one of the available subgrid areas. 
This is a combination of commands: select and seta sub­
grid area. 

15.3.15.Ciear Subgrid When you wish to contour within the entire rectangular 
Area grid which is specified by the currently selected grid, 

and you have previously set a subgrid area for contour­
ing within a closed area, you will use this command to 
remove the subgrid area and return to contouring within 
the rectangular grid. 

15.3.16. Standard 
ASCII Input/Output 

You may save a grid model in an"ASCII file or input the 
grid model from an ASCII file. This file could ha ve been 
created by GWW or by any other pro~m, e. . by SUR­
FER ™. When you select this 

15-23 

option the menu option ex- Output 
pands to two options: Input 
and Output, as shown in Fig- Figure 15-24 

ure 15-24. You will select In-
put if you wish to read an existing grid model from an 
ASCII file, or Output if yo u wish to write the grid model 
created by GWW to an ASCI file. A portien of the ASCII 
file with the grid model is reproduced below., 
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75.9089 75.9592 71.7994 71.9027 72.0099 
71.6541 712471 713617 71.1524 712424 
71.3354 71.4302 715275 70.4314 70.5159 
70.7258 70.9576 712168 715073 71.3087 
71.6741 70.9735 73.8004 75.6722 75.8195 
75.9486 76.0329 76.0291 75.5818 75.0766 
74.4473 73.7384 73.0179 72.3480 71.7709 
71.2997 70.9180 70.6734 70.4999 70.3836 
70.3149 702850 71.5821 71.7099 67.9782 
67.9463 67.9067 67.8712 67.8304 67.7950 
75.8668 75.9182 71.8866 71.4863 71.6143 
71.7295 713211 712226 713183 71.4164 
71.5158 71.6163 70.4442 70.6280 70.7216 

The grid is the same as shown in Figure 15-15 with 50 
columns and 32 rows. GWW writes five numbers in each 
line of the ASCll file. The format is free, that is numeric 
entries are separated by one or more spaces ora comma. 
The first ten lines of this file represent "Z" val u es for row 
one. Remember that the model is made of 50 columns 
and 32 rows. The ASCII file should contain 320 rows, 
since ea eh row is written in ten lines, ea eh with five num­
bers. 

When you decide to write a grid model into an ASCII 
file, the program will give you two options for the arder 
of writing the numbers: 

l. From the minimum Y value to the maximum Y value, 
that is from row 1 to the last row, which is row 32 in 
this example. This is a normal way of writi.ng the file, 
the one which follows the standard conventi.on of the 
coordinate system with the origin in the lower left 
comer. 

2. From the maximum Y value to the rninirnum Y value, 
which places the origin of the coordina te system into 
the upper left comer of the model. This is the input 
required for most of current!y used ground water 
mathematical modeling software including the 
U.S.G.S. MODFLOW, the United Nations GWMOD, 
and others. With this option in GWW, yo u may crea te 
input data files for your modeling software. 
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15.3.17. Output to 
DXFFile 

• 

15.4. 

RANDOMMENU 
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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 cell and the "Z" value assodated with ea eh 
intersection. You may input such files in AutoCad and 
create a three-dimensional contour map. Before GWW 
crea tes a .DXF contour file, yo u 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! elevations or depths, or 
any other numerical space-dis­
tributed parameter. 

' -· 
When you select this option 
you will be prompted to select 
a file name, as shown in Figure 
15-25. Figure 15·25 

The Random menu op­
tions and commands are 
shown in Figure 15-26. 
With this menu you may 
input one of the existing 
random models which 
you may haveocreated us­
ing any GWW applica­
tions or which you may 
have imported as ASCII 
files created within or out­
sideofGWW. 

)l!ew Random M o del 
Qld Random Model 
.S.ave Random Model 
Save Random ModelAs 

Add Polnts to Map 
Add Labels to Map 
Add Values to Map 
Add to Legend 

Show Paramcters 

fdit Plotting Parameters 

Standard ASCII Input 
Standard ASCII Output 

Figure 15-26 

• 
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This menu is used to create location maps displayi.ng 
various points or wells. If you wish to add con tour lines 
to such maps you need to use the Grid rnenu. To add 
lines you will use the Line menu, to add areas you will 
use the Area menu, and to add text you will use the Text 
m en u. 

Random models ~e created in applications other than 
mapping. Randorn models are interna! files containing 
for each point its X and Y coordinates, the "Z" value 
which could be any nurnerical distributed parameter, 
and the well or point identification narne or nurnber. It 
will be easier to understand a randorn data file in an AS­
CII forrnat. One of such files is partially reproduced be­
low. 

657900.0 949000.0 6.630000 P0-1 
660000.0 953500.0 7.450000 P0-2 
657800.0 945300.0 7.570000 P0-4 
654500.0 941000.0 6.640000 P0-5 
675800.0 9p2300.0 5.000000 SRRG-10 
665000.0 958000.0 13.71000 SRRG-7 

f' 
669000.0 959200.0 11.32000 SRRG-8 

The first colurnn is the X coordina te of the point, the sec­
ond columnis its Y coordinate, the third colurnn is its "Z" 
value, which in this case is the depth to water table frorn 
a rneasuring point. The last colurnn is the well identifica­
tion. 

You may crea te such files using any other software, not 
necessarily the GWW package. The forrnat of data is free, 
that is column values are separated by one or more 
spaces. 

You are advised to always start with this option since 
whatever you input as random points will sirnply add to 
whatever you rnay currently have in the mernory for 
random models. By selecting New Random Model you 
guarantee that your next step, the selection of an old ran-



15.4.2. Old Random 
Model 
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dom model, or a standard ASCll file input with a ran­
dom m o del will not rnix with an existing random model. 

When you se!ect New Random Model you will be 
prompted to answer severa! questions, such as Coordi­
nates Unit, and Is Z-value dimensioned, and to select 
type of units and unit for Z values. 

If you have used Random Model in any other applica­
tion of the GWW package, yo u ha ve created ene or more 
random models to 
which GWW has ·~PM 
given interna! file 
names. Using this op­
tion, you will be 
prompted to select an 
existing random 
model. The dialogue 
box is as shown in 
Figure 15-27. In this 
example we have 
used master data ap­
p!ications to create a 
random model with 

Seled en Exiating Random Model 

!-Dolll1iH. 

Figure 15-27 

all wells of which the ground surface elevation is kno"'{{l 
(Z random model), then we used a hydrographs applidi­
tion to crea te two random models for water levels inJuly 
1987 (WL87-7) and in November 1987 (WL87-11). The 
names of these models are the ones we ha ve selected. 

If you ha ve not created any random model in any appli­
cation, you cannot use this set of routines. You will have 
nothing to plot. 

When a random model is input, either internally oras an 
ASCII file GWW will inform you about random model 
lirnits for the X and Y coordina tes and for the "Z" values. 
One of examples of this information box is shown in Fig­
ure 15-28. Notice that random models are dimensioned, 
that is the coordinates are either meters or feet, and Z-

. values are either dimensioned or nondimensioned. 
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Number Df p~ Z21 
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Figure 15-28 

This routine is used only when you wish to input a ran­
dom model ASCII file and save asan interna! file within 
the GWW data base. Normally you would input an AS­
CII file, which will contain the following information: X, 
Y, Z, well identification. You will then save this model 
under an interna! GWW name when prompted for this 
as shown in Figure 15-29. 

~----~~~~~~----· &!] Save Random model 

lms-KhabaN'dm 

CHialttax 
"g-MLJFAX 
ObsWella4l-nlm 
TD!H<hobar-nlm 
TDs-t..luharraq 
1DSAII 
WeterDepthAIIAquife r& 1 99 D-6 
Waterl.cvc1Khobar150693 
Waterl.cvciKhobBr199D-6 
X-Khobar-Obs 
X-PTest 

Figure 15-29 

~ ¡::,,.;.,;•:iJ 

¡; lfije~f1 
<. ' 1!.~1:'1 
u. 
.. 
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You may save a cmrently used random model under the 
name of an existing random model. This will replace en­
tirely the content of the interna! file which contains aran­
dom model. lt is important to understand that you may 
not have more than one random model open at a time. 

15.4.5. Show . This is the option which displays only the range of val­
ues for X and Y coordina tes and the "Z" value. One ex­
ample is shown in Figure 15-28. You cannot edit these · 
values. They serve only as a reminder andas a check that 
this is the model that you wish to work with. 

15-29 

Parameters 

15.4.6. Edit Plot 
Parameters 

When you select the option Edit 
Plot Parameters, you will be 
given a choice of three entries as 
shown in Figure 15-30: 

• Point 

• Label 

• Value 

For points, you may select 
one of 14 symbols and choose 

. the size, as shown in Figure 
15-31. With sorne imagina­
tion and repetition, 

Figure 15-30 

B+ovxo!l 
X-$-~••.: A. 
·Size(mm] ""1 p ."'-5 ----' 

Figure 15-31 

Figure 15-32 

ROM label Orawing Attribu1es you may create various sym­
bols using these 14 predes­
igned symbols. One possible 
combination is shown in Fig­
ure 15-32. For Label you may 
select fonts, colors and align-

Figure 15-33 ment, as showri in Figures 15-
33, 15-34, and 15-35, respec-

. ,, 
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Figure 15-34 

O!talic 

0lJ.nderUne 
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0Left 

I2SI Center 

Omght 

0Tup 

Ocenter 

I2SI Bonum 

Figure 15-35 

tively. Likewise you may select fonts, colors and align­
ment for values. This is shown in Figure 15-36. The at­
tributes you choose apply only to plotting and creating 
a location or contour map. 

ROM Valuc Onrwing t.ttrlbules ' " 

Figure 15-36 

With this_ command the points from the currently "ac­
tive" random model will be plotted. You control the size 
and symbol for points by using the option Edit Plot Pa­
rameters followed by Points. 



15.4.8. Add La~els to 
Map 

15.4.9. Add Values to 
Map 
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Labels will be plotted on top of the symbol for points. It 
is understood that you have previously used the option 
Edit Plot Parameters and selected fonts, colors, and 
alignment for labels. Horizontal and vertical alignment 
attributes will control the position of labels with respect 
to the position of symbols for points. 

Values will be plotted to the right of the symbol for 
points. It is understood that you have previously used 
the option Edit Plot Parameters and selected fonts, col­
ors, and aligx;unent for values. Horizontal and vertical 
alignment attributes will control the position of values 
with respect to the position of the symbol for points. 

15.4.10. Add to Legend With this option you rnay add one point to the map leg­
end. The point will be copied to the legend block with 
the same attributes as the one used for its plotting. This 
applies to font, color, alignment ofits label and value .. 

15-31 

15.4.11. Standard 
ASCII Input 

You will first be 
prompted to specify one 
of the labels that will be 
copied to the legend, as 

· shown in Figure 15-37. 
Then you will be 
prompted to type sorne 
text that defines values 
plotted on the map. For 
example, you may type 
the text as "Depth to 
water table inJuly 1987", 
or "TDS in ppm," or 
"Toluene content in 
ppm," etc. 

· legend for ROM Puint 

Enttr "l.abel' textlo iegend 

Figure 15-37 

As mentioned earlier, you may input a random model 
importing an ASCII file. This file could be created from 
another software program or use a text processor. It ls 

.,. 
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15.4.12. Standard 
ASCII Output 
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important to re­
member the ar­
der of input 
variables: X coor­
dinate, Y coordi­
na te, Z value, 
well identifica­
tion. The format 
is free. 

When you select 
this option the 
GWW program 
will display a list 
of files with the 
extension .rdm. 
You may select 

MAPPING APPLICATION 

Alenom.: j¡m¡¡ 1 1 Oi d 
DlreCID.y. C~GWO F ta1,¿j,¡:;J 
Ales: Directories: 

grid-z.rtlm ( .. ¡ 
wclls.n:lm t-ai 

tb-l 
teJ 
t-d-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 GWW application. This is useful for backup, 
or when you wish to merge information and import the 
IDOdel back t0 ?3 RandomModoiSid.ASCIIO ... ut 

GWW. When 
you select this 
option the pro­
gram displays a 
dialogue box 
wi th a list of files 
with the exten­
sion .rdm. One 
examp.le is 
shown in Figure 
15-39. 

Fllen•me.: JL.:•.rd:.:cm::..._ __ --.J 

Direcsory C:\BAHRAIN 

Files: Dircctories: 

DO 
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 
within or outside its 
boundary, or which will be 
simply plotted onto the 
map. With this ·menu you 
may create or import more 
than one· are a, save su eh ar­
eas under internal file 
names, edit plotting pa­
rameters, etc. The menu 
options are listed in Figure 
15-40. 

New Area 
Qld Area 
~ave Area 
Save Area As 

Add Area to Map 
Add to Legend 

fdit Plot Parllmeters 

Standard ASCII Input 
Standard ASCII Output 
OXF Output 

Figure 15-40 

15.5.1. New Area The GWW package adds new areas to currently present 
areas. In order to have a clear "area" space you should 
use the option New Area prior to creating or importing 
an area. You will see no visible.action after you select 
N ew Area, but the "are a content" will be emptied if there 
were another area in it. · 

15.5.2. Digitizing Area· _ The GWW package incorporates digitizing capabilitiés 
when it comes to creating areas and lines. When a map 

15~33 

is displayed you will notice a vertical lilil9'Mi;i:f 
row of buttons. For digitizing an · 
area, the following buttons are im­
portant: Dig.Area, as shown in Fig­
ure 15-41, and End Point and End 
Digit, as shown in Figure 15-42. 

When you wish to digitize an area 
directly on the map (more cor­
rectly, on the screen display), you 
should proceed as follows:_ 

Figure 15-41 

Figure 15-42 

/ 
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1. Select the button Dig.Area on the right side of the 
map. This will place the program into the digitizing 
mode. 

2. Move the =sor toa point where you wish to start the 
area. Press the left mouse button. Move the =sor to 
the second point and click the mouse. Be careful here. 
If you are going to use this area as a closed area 
within which you wish to later make contours, digit­
ize in a clockwise direction. If you wish to do the op­
posite, to contour outside the area, digitize in 
counterclockwise direction. 

3. When you finish digitizing, you are expected to be 
close to the point you started with. Remember, an 
area must be a closed area. However, since it is not 
possible to manually duplica te two points, the initial 
and final, the program will do this automatically 
when you termina te the digitizing input by clicking 
on the button End Point. 

4. You have now two options. Either to finish digitizing, 
as what you wanted was one single area, orto create 
another closed area. 

If you wish to finish digitizing, you should click on the 
button End Digil With this you will get out of the digit­
izing mode and return to the area menu. Your =rent 
"area content" will contain the X and Y coordina tes of all 
points that you have just digitized. You may save these 
points in an ASCII file, using the option on the same 
menu Standard ASOI Output, or you may save the 
points in a DXF file using the option DXF Output. But 
most of all you may save this area with all points, mak­
ing the area an interna! data base file using the option 
Save Area or Save Area As. 

After you ,ha ve terminated the first area by clicking on 
the End Point button, you may crea te another area by 
clicking on a point which is on the second area's bound­
ary. Continue clicking on other points and finish the sec­
ond area by clicking End Point. If this is the last area you 
wish to digitize, press on End Digit to get out of the dig­
itizing mode. 
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lf 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 side of the map as 
shown in Figure 15-43. These are 
standard options on any of the 
Mapping application display or 
menu. You may always zoom in 
or out, or Fit to Window. It may 
help to digitize an area in a 
zoomed in display. 

Figure 15-43 

15.5.3. Old Area You may create one or more areas by direct digitizing, or 
you may import areas as ASCIT files. You may assign to 
these various interna! names, su eh as Landfill cell A, oré­
body CW, Tailings cell G, etc. Each may be identified 
withits own attributes. All these areas are stored within 
the information system, and are not currently trans­
ferred into the current "area content." 

When you wish to pick one of the available areas and 
place it into the current "area content," you should seleCt 
the option Old Area. The GWW program-will display a 
list of the available interna! file names. You may select 
one. The selected area becomes your current area. You 
may edit the area's attributes, plot the area onto the map, 
or use it for contouring, making ita grid area. 

15.5.4. Save Area and 
SaveAreaAs 

Whether you ·have created an area by din!ct on-screen 
digitizing or have imported an area asan ASCIT file you 
may save it under an internal file name to make the area 
a part of the GWW data base or information system. The 
difference between Save Area and Save Area As is the 
same as in the previous menus. lf this is a new area you 
will be offered the option Save Area As. lf this is an ex-

15-35 
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isting area which has its name, you will be offered both 
options Save Area or Save Area As. Internally the pro­
gram will assodate with each saved area its attributes. 

15.5.5. Add Area to 
Map 

With this command the area currently occupying the 
"area content" will be plotted onto the map Wi.th default 
attributes or attributes assigned by you using the Edit 
Plot Parameters option. 

Befare you add an area to a map check the attributes, 
espedally whether the area will be transparent or not; 
also check screen and printer colors. H the area is not 
transparent you will cover the rest of the content of the 
map with the area. Likewise, if the background color 
(either screen or print) is any color other than white, the 
whole area will be painted masking thus the other con­
tent. 

~ NOTE. The GWW software does not have an Undo command 
with which you may restore the previous screen. 

15.5.6. Add to Legend Building the legend block is context sensitive. You may 
add the currently active area to the legend. It will be 
shown as a rectangle, with all attributes as the area itself, 
that is.the line thickness, line color, print color, and trans­
parency or nontransparency. After you select Add to 
Legend you will be prompted for a text which defines 
the area. 

15-36 

15.5.7. Edit Plot An area has its own attrib-
Parameters utes, or parameters. When 

you select this option, the 
screen will display a dia­
logue box su eh as shown in 
Figure 15-44. The double 

.t.r~a Ath'ibutr.s 

¡g¡ Transparency 

Figure 15-44 
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arrows to the right indica te that ea eh of options extends 
into more options. Notice the box labeled Transparency. 
If crossed, the area will be transparent and the content 
under it will be visible. Options Screen Color and Print 
Color will open a color palette for you to select colors 
that will fill the area. 

Option Border Attributes lets you define Íine 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 label, dis­
tance where the label will be displayed or printed, and 
the spacing between two subsequent labels. An are a bor­
der attributes dialogue box is displayed in Figure 15-45. 

j ' ' Arca Border Attributcs 

Pon Attributes 

Thickness 

1±1 
Une Pattem 

¡solid Une li!J 
li;;:;¡~i:iíi@r;?'V'Yl 

Une Attributes 

label c___¡===i 
Distance # 1 (mm) 140 

i=====i 
Distance # 2 )mm) '--11_20_--' 

IFH6í696Rini;; i 

Figure 15-45 

You may save the currently active area in an ASCIT file. 
The file contains only the coordina tes of points making 
the area. One area is terminated with the combina !ion/* 
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typed after the last point's coordinates. 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 coordina tes. 

9236.12, 5842.62 

9208.25, 5871.94 

9168.44, 5853.06 

9138.56, 5880.31 
9142.56, 5911.75 

9341.69, 5846.81 
9236.12, 5842.62 

!* 
9283.94, 5540.94 
9307.81, 5584.94 
9343:69, 5587.00 

9136.56, 5427.75 
9108.69, 5455.00 
9174.44, 5538.81 
9283.94, 5540.94 

!* 

You may create such a file using any· other commercially 
available software or a text processor. You may then in­
put such file into the GWW data base using the option 
Standard ASCII Input. 

15.5.9. DXF Output You may crea te a DXF output file with random points to 
use in another software package, most likely in AutoCad 
or another Computer Aided Design package. Yo u will be 
prompted to select a file name and directory to save the 
output. 

15-38 
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· You will use this menu to add various lines to your map. 
These lines serve only to enhance a map, to add impor­
tant line features, etc. The lines are not used for contour­
ing, adding colors, and like procedures. 

The Line menu contains the following commands or op­
tions, as shown in Figure 15-46: 

• NewLine 

• Old Line 

• Save Line 

• Save Line As 

• Add Line to Map 

• Add to Legend 

• Edit Plot Parameters 

• • Standard ASCII Input 

• Standard ASen Output 

• DXFOutput 

New Une 
QldUne 
.Save Une 
Save Une As 

Add Une to Map 
Add lo Legend 

fdil Plot Paramelers 

Standard ASCII Input 
Standard ASCII Output 
OXF Output 

Figure 15-46 

15.6.1. New Line The GWW mapping application in principie adds a new 
content of a kind to the content of the same kind that may 
eventually be filling the "content space." In the case of 
lines, this is interpreted as saying that there may be one 
or more lines .already in the current "line content," and 
that any other line may just add to the content. To avoid 
mixing lines, you are advised to use the option New 
Line. Nothing visible will happen, but the command will 
remove from the current view any line that eventually 
may be there. With this command it is guaranteed that 

15-39 

. .! 



15.6.2. Old Line 

15.6.3. Save Line and 
SaveLineAs 
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vou will work on a new line without anv interference - -with an existing line. 

To create a new line directly from GWW you must use its dig­
itizing capability. 

The GWW data base and information system may con­
tain one or more lines, which may be internally saved 
under specific names 
given to them by you in 
previous sessions. When 
you use this option the 
program displays a list 
of existing lines prompt­
ing you to select one 
from the list, as shown in 
Figure 15-47. When you 
select a line, it will be 

Sclcc:t en Exbtln; Ulle 

transferred into the "line 
content" with all of its at­
tributes. The line attrib­
utes are: thickness, 
pattern, color, label, font 
for label, and text or label 
spacing. 

....... 
RilAD 

Same as in other menus on the 
Mapping application title bar, 
these two commands are used to 

Figure 15-4i 

IRDAD 
RMRS 
ROAD 

l<'~ot;q 

l'cí,íaií'J 

11-~o.a;.;j 

Willi64 
ltHiTil 

save a line under an internal name. boiiiAF) 
If the line is a new untitled line yo u 
will be piompted to Save LineAs, 
that is the program will display a 
list of existing line names from Figure 15-48 
which you may choose one or as-

. sign an entirely name. The dialogue box with file name 
selection may look as shown in Figure 15-48. If you are 
working on an existing, or titled, line, you will have op-
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tion to Save Line under its own name, or Save Line As 
giving it ariother name. ·! 

15.6.4. Add Line to Map You may add a line to the map. This is probably the rea­
son why you are creating lines, editing them, giving 
them sorne attributes, and the like. You wish them added 
to a map. The line may be a river, a road, a wire fence, a 
boundary between geologic formations, or anything that 
is normal! y found on maps. Prior to adding a line to the 
map you should check line attributes or parameters; its 
thickness, pattern, color, etc. Once added, the line cannot 
be removed and the whole process of map building may 
have to be repeated. 

~ NOTE. It is a good advice to save a map after severa/ stej;s, so 
that you may start anew from a step befare, not from scratch. 

15.6.5. Add to Legend The legend block is gradually built up of parts: sorne 
text, scale, contour lines from the Grid menu, random 
points from the Random menu, areas from the Area 
menu, various lines from the Line menu, etc. The option 
on the Line menu adds the currently available line to the 
legend. This means that if you wish to add more than one 
line to the legend block, you must place a line into the 
current "line content" and apply the command Add to 
Legend, then selecta New Line and transfer another line 
using either Old Line or Standard ASOI Input com­
mand, and apply again the command Add to Legend. 

15-41 

Each time you 
select Add to 
Legend y o u 
will be 
prompted to 
enter explana~ 
tion text, such 
as shown in 
Figure 15-49. 

-·--
' 1 egend fm Ama 

Enter explanatlon text 

Figure 15-49 

. ' .. 
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Parameters 
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This option works in the same way a~ in the Area menu. 
You may select the line thickness from 1 to 6, the line 
pattem (salid line, dashed, dots, and combinations), line 
color, the font for the label, and spacing between sub­
sequen! la-
beis. The 
display is as 
shown in 
Figure 15-
50. 

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

Pen Attnbotes 

,SoOd ..... 

l.Jne Attnbutes 

Labol c._l ---;=~ 
~lllmml~ 

Otstance, 21mtnl ~ 

y 0 u m a y lt/p¡ecor.;.:J;i.~d.J lWWiol!'OOl~>w:j 

"o u tsm ar t" fiWi:ot~N] fi'tiiiiAi<:'l 
theprogram 
by digitiz- Figure 15-50 

ing a line, 
writing 
sorne label 
or text which defines the line, and by selecting white 
color, or no color for the line. In this case the line will not 
be drawn but the text will. This is a handy possibility for 
writing sorne text next to an existing 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: 

l. Select New Line. 

2. Digitize line (click on Dig.Line button to start digit­
izing). 

3. Termina te digitizing (click on End Point followed by 
End Digit). 

4. Select Edit Plot Parameters. 

5. Select Line color and click on blank field in the right 
lower comer. 



15.6.7. Standard ASCII 
Input and/or Output 
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Figure 15-51 

6. Write to label field 'Vaca Vieja", change Distance #1 
from 40 mm to O mm, change the second default 
number from 120 mm to 60 mm and select OK. 

7. Select Palton font, 10 pointS, Italic. Click on OK to e~it 
this option. 

8. Select Add Line to Map. 

What is created is an invisible line with text that is vis­
ible. We are sure that you will find this small trick quite 
useful. (You may ave selected No Line from Line Pat­
tem.) 

You may save the currently active line in an ASCII file. 
The file contains only the coordina tes of points making 
the line. One line is terminated with the combination /* 
typed after the last point's coordinates. One exarnple of 
an ASCII file containing two lines is reproduced partly 
below. 

672367.68700000 
672282.68700000 
672537.68700000 
672610.68700000 

969797.25000000 
969622.25000000 
969119.25000000 
969004.25000000 

• 

.. 
/. 
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672987.687()()()()() 

666385.75000000 
666450.75000000 
r 
635542.687()()()()() 
635m.687()()()()() 
635532.687()()()()() 
635469 .687()()()()() 
635309 .687()()()()() 
635234.687()()()()() 
635339 .687()()()()() 
63547 4.687()()()()() 
635464.687()()()()() 

628327.687()()()()() 
628292.687()()()()() 
r 

96943:!25000000 

938400.43 7()()()()() 
938195.437()()()()() 

969912.25000000 
969609.25000000 
969449.25000000 
969092.25000000 
968944.25000000 
968937.25000000 
968734.25000000 
968587 25000000 
96834925000000 

955647.25000000 
955439.25000000 

You may also import one or more lines from an ASCII 
file. The input format is free; the X and Y coordinates 
must be separated by one or more spaces or a comma. 
One pair of coordinates, that is one point of a line, is 
typed on one line of the ASCII file. 

The program will 
prompt you to select a 
file name for the line 
either when you wish to 
read·the line from an A5-
CII input file, Figure 15-
52, or when you want to 
write to an ASCII file, 
Figure 15-53. 

... _, 111111 1 n•<i~'f'J 
Dlrectory. C:\GWD jfCCJ) 

DD 
You may create a .DXF 
output file to use in an- Figure 15-52 

other software package, 
most likely AutoCad or another Computer Aided De­
sign package. You will be prompted to selecta file name 
and directory to save the output. The program will open 
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DD 
Figure 15-53 Figure 15-54 

a dialogue box with the list of available files with the ex­
tension .DXF, as shown in Figure 15-54. You will be 
prompted to select a file name. 

You will use this menu to add tex 
lines to your map. You may add 
heading or a title to your map, wn 
sorne comments, etc. You do not ne 
to use the text menu options to crea 
a legend. It is done using options fro 

"tE 

e e 
Í' 

liT 

all mapping menus. 

The Text menu contains the followin 
commands or options, as shown ~ 
Figure 15-55: 

• NewText 

.t,!ewTexts 
Qld Texts 
,Save Texts 
Save TextAs 

Add.Texts to Map 

fdit Texts Parameters 

Standard ASCII Input 
Standard ASCII Output 

Figure 15-55 

•,. 

;• 

'· 
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• Old Text 

• SaveText 

• Save Text As 

• Add Text to Map 

• Edit Text Parameters 

• Standard ASCII Input 

• Standard ASCII Output 

15.7.1. New Text Use this option to create a text block. Ea eh set of text in­
formation is called a block. For ea eh line of text yo u 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 the horizontal and 
vertical alignrnent. 

15-46 

When you select the New Text option, the dialogue box 
as shown in Figure 15-56 will be displayed. The only rea­
sonable option available for a new text is the button 

' MapTexto ' ,, , 

Figure 15-56 
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New. Click on New. The screen will display the Text At­
tributes dialogue box as shown in Figure 15-57. Place­
ment of text is determined by the X and Y coordina tes of 

Text 

Figure 15-57 

the lower left comer of the first letter of the text string, or 
by alignment attributes in the Text Attributes dialog]le 
box. 

You may write more than one line of text, assigning'to 
each its pcisition, angle, fonts and colors. 

You may save this text block under its own interna! file 
name. You may have many such text blocks or file 
names. 

~ Uhlfr·>~l , 

1 1 

15.7.2. Old Text You will use this option to 
retrieve a previously cre­
ated and sav€d text file 
containing one or more 

n«:H 
r= = 
1 ,..,..H 

lines of text information. 
When you use this option Figure 15-58 
the program displays a list 
of existing texts prompting you to select one from the 
list, as shown.in Figure 15-58. When you select a text, it 



15.7.3. Save Text and . 
SaveTextAs 
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will be transferred into the "text content" •vith al! its at­
tributes. 

Same as in other menus on the Mapping application title 
bar, these two commands are used to save a text under 
an interna! name. If the text is a new untitled text you 
will be prompted to Save Text As, that is the program 
will display á list of existing text names from which you 
may choose one or as­
sign an entirely new 

· name. The dialogue 
box with file name se- 1 1 

lection may look as r-• iioiN1! 

~h~~ !r:eF~~~:-! l'~!l 
an existing, or titled, l:>o$,;,'il 
text, you will have op-
tion to Save Text under 
its own name, or Save 
Text As giving it an­
othername. 

Figure 15-59 

15.7.4. Add Text to Map You may add a text to the map. This is probably the rea­
son why you are creating texts, editing them, giving 
them sorne attributes, and the like. You wish to add them 
toa map. The text may be a header, a subtitle, a company 
name, a comment or description, or anything that de­
scribes or enhances a map. Prior to adding a text to the 
map yo u should check text attributes or parameters, that 
is its position, angle, font family and size, and color. 
Once added, the text cannot be removed and the whole 
process ofi:nap building may have to be repeated. 

15-48 

One example of adding text is shown in Figure 15-60. 
This is an insert, zoomed in. 

NOTE. It is a good advice to save a map after severa] steps, so 
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 you select this option, the dialogue box su eh as the 
Parameters one shown in Figure 15-61 will be displayed. Using this 

15-49 

option you ·' 
may: 

• Edit an 
existing 
t e x t 
string. 

• Add an­
other text 
string to. 
the same 
t e x t 
block. 

• Delete 
o n e o r 
more text 
strings. 

Mnp1exts ,'', .. ~ 

Rio Guarica lrrigation System 

.. 

Figure 15-61 

Edlting a text string or text line means changing the text 
itself, moving its position by changing X or Y coordi-

.\ 

.. 
"' 



15-50 

CHAPfER15 MAPPING APPLICATION 

na tes, replacing one font family and size with another, or 
changing its color. 

To edit you should do the following: 

l. Select with the =sor the line of text yo u wish to edit. 
This line will be highlighted. 

2. Click on Edit button. GWW will open another dia­
logue box, Text Attributes, as shown in Figure 15-62. 

Text IRio Guarico lnigation System 

X .COordinatelssoooo 

~=====~ Y -coordinote 1968000 

~=====;----' 

Figure 15-62 

3. Work on modification and select OK to return to the 
textmenu. 

To create a new line of text within the same text block 
you should do the following: 

l. Click on New button. GWW will open an empty dia­
logue box, Text Attributes, such as shown in Figure 
15-57. 

2. Crea te the new line of text by filling all boxes. Select 
OK to return to the text menu. 

3. Remember to save this modified text block using 
either Save command, or Save As. 



15.7.6. Standard ASCII 
Input 
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To delete a line of text from the current text block you 
should do the following: 

l. Select with the cursor the line of text you wish to de­
Jete. 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 command or Save As. 

You may save a text that was created in GWW in an AS­
en file, or you may create a text file with a text editor. 
When you wish to input the text as an ASCIT file, GWW 
will prompt you for a 
file name to select the 
text, as shown in Figure 
15-63. 

To use a text editor you 
must observe certain 
rules and conventions. 
The text displayed in 
the example above 
when stored as an AS-
en file will contain the 
following: 

~-------·--
- _ :_ M11p 1 Q:F. !>frl ASCH IBflocl lll:I:J 

Fiks: Dlfectorlec: 

¡--¡~ 1 

Figure 15-63 

"Rio Guarico Irrigation System" 632000 968000 
10 O 17 49 O "Palton" O O O 11 O 

Evidently, the first line is the text limited with quotation 
marks, followed by the X and Y coordinates defining its 
position on the map. The second line contains the text 
string attributes a)l.d font farnily, size, and color. The font 
farnily is Palton. The three O after the word Palton are 
color codes, meaning red, green; blue are each set at O 
value. The combination of three "zeros" is the black color. 
Remember that color values are from O to 255. The com­
bination 255,0,0 is interpreted as pure red, the combina­
tion 0,255,0 as pure green, and the combination 0,0,255 
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as pure blue. Each other combination of numbers 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 may crea te!) 

The set of numbers after the color code, that is 1 1 O de­
fines text font attributes, that is normal or bold, normal 
or italic, normal or underlined. O is for normal, 1 is for 
bold, italic, and underlined, in this order. 

The first three numbers in this line define the horizontal 
and vertical offset of the text beginning, and the align­
ment of the text string. You should not be concerned with 
this, although you may know that the number 10 means 
horizontal offset (from the X, Y coordinates) equal to 10 
tenths of a millimeter, or, in this case, 1 mm. The number 
O which follows irnplies O tenths of millimeter vertical 
offset. The number 17 is a combination uniquely defin­
ing the horizontal and vertical alignment. The remaining 
two numbers, 49 and O, define the size of the font se­
lected in 1/10th of a millimeter and the angle in degrees. 
The size of 49 is equivalent to 4.9 mm, or to 14 points. The 
size of 56 is equivalent to 16 points, 64 is equivalent to 18 
points, an~ 21 to 6 points. 

Using the text editor to modify an existing text string or 
to create a new one becomes handy when you wish to 
create text strings longer than the maximum length as­
signed by GWW. 

An ASCll text file with two lines of text may look as re­
produced below. 

"Rio Guarico Irrigation System" 632000 968000 
10 S 17 49 O "Palton" O 143 255 11 O 

"Estado Guarico, Republic of Venezuela" 632000 965000 

10017420"Arial"OOO 000 

When this file is _i.mported into GWW and the command 
Add Text to Map is applied, the displayed text may look 
as shown in Figure 15-64. 



15.7.7. Standard ASCII 
Output 
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Figure 15-M 

You may save a text file, with one or more lines of text, 
that was created in GWW as an ASCII output file. You 
may then ed.it tlús file ~ing your text editor and ~mport 
it again into GWW asan input ASCII file. Before you ex­
port the file, GWW will prompt you to give a file riar;ne 
to the text as d.isplayed in Figure 15-65. 

Map Icxts Std A!::tll Out¡:mt 

FUes: Dlrl:ctartes: 

r--~~~ 1 

Figure 15-65 

·: 
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CHAPTER SIXTEEN CUSTOMIZATION 

16.1 INTRODUCTION 

16-1 

This is a utility option in GWW which makes possible 
individual customization of various screen displays and 
printouts. 

It has been stated earlier that GWW is language-inde­
pendent, or almost so! Under '1anguage-independent" 
we mean that you do not need to have English captions, . 
titles, headers, etc. on your screen display and/or in 
printouts. You cannot replace English messages, menus, 
comments, instructions; and the like. But you may crea te 
reports of every part of the package in your own lan­
guage. This is made possible by using options from this 
Customization package. 

When you select Customization from the main menu bar 
the screen displays the list of applications in which you 
may change either display or print attributes or replace 
English words with·a "foreign" word. The display is as 
shown in Figure 16-1. Out of thirteen major application 
modules, Master Data, Cross Section, Fence Diagrams, 
User applications, and Mapping applications do not 

Figure16-1 

need modifications. In these applications you create the 
display and printouts yourself. There is nothing pre-de­
signed or default there. Every other major application 
can be customized or default settings modified by you. 

~ 
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The applications that can be customized are the follow­
ing: 

• Chernistry 

• Concentration-Depth 

• Concentration-Trme 

• Hydrographs 

• Uthology (welllogs) 

• Step Drawdowns 

• PWn.ping tests, and 

• Grain Size Curves 

Remember that changes made in the Customization op­
tion will be written to the file GWW.INI which will be 
located in the Windows directory, just like any other 
"Application".ini file. Sorne portions of this file are repro-
duced below. · 

[GWW] 
GWWDataBase=c: \gwd\test2.gww 
l.astPumpTests=PT-1 
Lastldent=P0-1 
Frame=100 10 1800 2500 
LastMasterData=P-540 

l.astUthology=P0-1 

[PumpTests] 
QUnit=m3/day 
LengthUnit=m 

TuneUnit=min 

[Wel!Funct] 

Trans Unit=gpd/ ft 

DrawUnit=feet 
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[Stiff] 
StiffBorderDisp=255 255 255 
StiffBackgroundDisp=255 255 255 
StiffLinesDisp=O O O 
StifflnteriorDisp=O O 255 
StiffLabFontDisp=' Aria!' 12 O O O O O O 
StiffSymFontDisp=' Aria!' 10 O O O O O O 

CUSTOMIZATION 

' 

In the Cherrústry application, as shown in Figure 16-2, 
you may customize the display and print for ea eh of the 

Figure 16-2 

chemical data graphical presentations: Piper, Wilcox, 
Stiff, or Schoeller diagrams. Since each of the presenta­
tions has a graphical drawing and a textual content, the 
options on the customization menu refer to screen and 
print colors (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. 

The options for the cherrústry application are shown in 
the following Figures: 16-3 and 16-4 (Piper), 16-6 (Wil­
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 replace with the word 'CATIONES' 
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, , Pipe<Dísplay'Paramr.lers' -~ 

Figure 16-3 

Figure 16-4 

Translation of 'CATIONS' 

Figure 16-5 

16-4 



16-5 

CHAPTER16 CUSTOMIZATION 

, Wilcox Oispl3y Parnmeters ~ 

Figure 16-6 

Figure 16-7 

' ' SdloellerOisplayParometeis ,' __ : ::, 

Select ltem[s) 

Color 
1 <.o1oro. Unes Color [DisplayJ 

Polygon Color (DisplayJ 
IB<ordo:r Color [Prinll 
\Bodcg¡r. Color [Print) 

Color [Print) 
Polygom Color [Print) 

1 La1oeos Font (Display) 
beis Font [Print] 

Figure 16-8 
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if you wish to write in Spanish, or 'KATIJONI' if you 
wish to use Serbian language. 

Only the lower portien of all options available for this 
application is shown in Figure 16-9. If, for example, you 

Polygon Color (Display) 
Border Color 
Backgr. Color (Print) 
Coord. Unes Color (Print) 
Polygon Color (Print) 
Font (Display) 
Font (Print) 
'Depth' Text 
'Level' Text 

Figure 16-9 

-
" 'Deplh'lcxt: " wish to report ~;;!:lA':~' 

in S p a ni S h' Translation of 'Deplh' 

you will re-
place the word c:.l Pro.:..:.::tu:::•:::dl=d•:.:df,__ _______ -..J 

'Depth' with 
i t S S p a ni S h IHt,\Oí(M;'jJ JFcutri 
equivalent 
'Profundidad,' Figure 16-10 
as it is shown 
in Figure 16-10, or the word 'Leve!' with 'Nivel,' etc. You 
may also customize colors, fonts, color of textual attrib­
utes, etc. 

16.4. WELL LOGS You may enhance your lithologic or welllog by selecting 
different colors, and fonts. You may replace the header 

16-6 
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whlch contains the words 'Depth,' 'Hole,' 'Annulus,' 
'Casing,' 'Screen,' and 'Lithology,' with other words or 
equivalents in other languages. If you select fonts such 
as Czar from CorelDraw or Cyrillic from other sources, 
you may create a welllog in Russian using Cyrillic al­
phabet. (Of course, you may do it in Arabic, Hebrew, or 
any other language, provided you have fonts for their 
alphabets available.) 

Welllog display and print parameters, available for cus­
tomization, are displayed in Figures 16-11 and 16-12. 

Figure 16-11 

Figure 16-12 
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STEP DRA WDOWN 
APPLICATION 

16.6. GRAIN SIZE 
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APPLICATION 
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In a step drawdown diagram the following text appears 
on the graph or in the table: 'Drawdown,' 'Pumping 
Rate,' 'Aquifer Loss,' 'Well Loss,' and 'Effidency.' You 
may replace each of these with their ·equivalents. The op­
tions are shown in Figure 16-13. 

Step O<aWll.,wn Test Oisplay Paramc1c<s 

Seled Hem(s) 

Coord.System Font (Display) 't' 
Table Header Font (Display) ~ 
Table Data Font (Display) 

C:"" 
~,.~~ 

~;:::· 

Coord.System Font (Prlnlj 

m~ Table Header Font (Prinlj 
Table Data Font (Print) c.-.;:; 

~~~-

'Drawdown• Text :-~·: 

'Pumping Rate' Text # 
'Aquifer Loss• Text ~ 'Well L.oss' Text 

rrtf\nx+i;JI~~~~;~ 

Figure 16-13 

Here again, every word that appears on the diagram 
may be replaced. This is shown in Figure 16-14. In addi­
tion you may control the color of display and of print­
outs. You may "paint" the background, frame, or border 
of the drawing to enhance it if you are going to print in 
colors. 
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APPLICATION 

CHAPfER16 CUSTOMIZATION 

' ' ' 
",, : 'Graio Size Curve Display Parameters, ' ' 

' ' 

le Data Font (Print) 
Slze in t.CIIlimeters' Text 

Passlng' Text 
1 'CiriCS' Text 

Text 
I'G1raV1•I'Text 

Figure 16-14 

Almost everytl:úng that is presented either on screen or 
printed can be customized. One porticin of options is dis­
played in Figure 16-15. This is mostly the textual part of 
the pumping test display, but you may also control col­
ors of lines, coordinates system, data points, back­
ground, and the like. 

, PumpingTest Display Parameters ,, 

¡:g:;:.';'~~;n~Drawdown' Text 
,._,~,.,.h t.Cethod' Text 

t.Ccthod' Text 

Figure 16-15 

"'-· 
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CONCENTRATION­

DEPTH SERIES 

16.9. 
CONCENTRATION­

TIME SERIES 
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In this applications, most of customization is done from 
the application's menu. There, you can select header 
fonts, axis labeling, coloring and filling with colors vari­
ous parts of a diagram. Here, you may replace one of the 
two English words, as shown in Figure 16-16. 

Although you 
may modify the 
display or. print­
out to sorne ex-

. tent directly from 
the application, 
most of the cus­
tomization will 
be done frorn this 
menu. 

Figure 16-16 

(Display) 
IBa•~•- Color (DisplayJ 

L:ines Color (Displayj 
IR"''""' Color (Prlnq 
IBao:tgr. Color [Prinq 

Unes Color (Print) 
Font (Displayj 
Font (Prlnq 

Figure 16-17 
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17.1 INTRODUCTION 

17.1.1. General 

17-1 

Using.this application you may create fence diagrams, 
displaying on the screen and in reporting forms the fol­
lowing: 

• Lithology at boreho~e sites. 

• Hydrogeologic information such as water table. 

• Stratigraphic 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 rotation along the x and y axis, 
and angle of projection on the Z axis. 

As in the other general-purpose utilities within GWW, 
such as Mapping and Cross Section, yo u may select hori- · 
zontal and vertical scales to fit your drawing on a se­
lected paper format. 

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 ápplication. 
Thus the lithology of a selected part of the area is imme­
diately visible. 
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Figure17-1 

17.1.2. Application's As shown in Figure 17-1, the Fence Diagram application 

17-2 

Content is comprised of the following major options: 

• Model 

• Wells 

• Map 

• Grid 

• Drawing 

• Dra~g Style 
• Help 

The Model menu is 
shown in Figure 17-2. In 
this menu yo u control the 
content of_the fence dia­
gram, the viewing an­
gles, the scales, and .the 
general layout of the 
drawing. 

The Wells menu is shown 
in Figure 17-3. In this 

• 

f>dend Panel 

Select Worlcing Set 
Select Working jiroup 

~lear Panels 

Maximum !,cngth 

!!nits 

~oordinate Planes Parameters 

Figure 17-2 
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menu you select 
wells to be used in a 
fence diagram. Be­
fare using the Model 
m en u yo u· will nor­
miilly start by select­
ing wells to repre­
sent lithology. 

The Map menu is 
showninFigure 17-4. 
This is a shortcut for 
selecting wells. You 
may create a working 
set or working group 
of wells directly from 
amap. 

The Grid menu is 
shown in Figure 17-5. 
Using this menu you 
may add one or more 
lines to the fence dia­
gram. These lines are 
created in the Map­
ping application. 

The Drawing menu is 
shown in Figure 17-6. 
With this menu you 
will finish the fence 
diagram as a .draw­
ing. You will add vari­
ous legend blocks, 
such as the one ex­
plaining lithologic 
symbols used in the 
diagram, various 

FENCE DIAGRAM APPLICATION 

Figure 17-3 

Figure 17-4 

Figure17-5 

Make Legend 
Add Textto Legend 
Add S cale to Legend 
Add lithologyto .Legend 

Prlnt Drawtng 
Print Setup 
Dlmenslon 

Figure 17-6 
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headers and textual expla­
nations. 

The Draw Style menu is 
showninFigure 17-7. Using 
this menu you will control 
severa! display options, e.g. 
the width of lithologic col­
umns. 

The three dimensional pres­
entation of lithology of an 
area is actually modeling 

Dloraw Uthology Patteml 

O 20 Drawing 

O Sk:lp Undefined Polygons 

O Sldp Unes Ahove and Below Lag 

181 All Panel Background 

Figure 17-7 

the lithology 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 viewing the cross 
section. 

The Model menu serves to crea te "panels" which put to­
gether make a fence diagram or a lithologic model of the 
area. 

A panel is a rectangle in space drawn in such a way that 
a pair of two neighboring wells makes panel sides. One 
of the panels is shown in Figure 17-8. A well which is 

Figure 17-8 



17-5 

CHAPTER17 FENCE DIAGRAM APPLICATION 

used by two or more panels is shared by these panels 
(Figure 17-9). More than one panel can be drawn 
through one well. Each panel may contain only two 
wells. 

Panels are 
labeled us­
ing the 
names of 
wells that 
make a 
panel. As 
shown in 
Figure 17-
10 the la-

Figure 17-9 

beling is rm:ogpq ~i] 

(M w •7 • '-'"'•••-.-•-~wwo••~•-~•••••w••·••••••-'•~•"•••-••~•••-J MW-9). 
Panels can Figure 17-10 
only join 
one with 
the other but they cannot cut through or protrude 
through. 
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17.2.1. Make Panels When this optionis selected GWW automatically crea tes 
· from Wells panels from wells making the working group. Panels 

which would cut through another panel will not be cre­
ated. This is to say that in sorne cases you should not 
expect that a11 possible combinations of panels will be 
created. For example, with 3 wells labeled W-1, W-2, W-
3, it mayor may not happen that there will be three pan­
els. If one of the panels is in the way of another panel, it 
will be eliminated. 

The effect of this command is immediately evident. A 
fence diagram will be displayed on the screen using cur-
rent scales, · 
orienta tion ,. ...... , .... """" .................. .._"' ...... , 
s, fonts and 
color attrib­
utes. A typi­
cal screen 
may look as 
shown in . 
Figure 17-
11. Notice 
that sorne 
wells are 
shared by 
three pan­
els. 

. . . . ... . . . .. . . .... ........ 

Figure17-U 

i 

' ... ·····' 

17.2.2. Delete Panel Once created, panels are stored in 
the information system created by 
GWW with all their attributes and 
additional contents. Panels are 
like building blocks making the I<'Ol(MJ lfSie"fJ 

17-6 

final drawing. Each panel is like p· . . tgure 17-12 
a cross sectwn connectmg two 
wells. You may delete one or more panels from the infor­
mation system. When this command is selected the 
screen displays a dialogue box as showninFigure 17-12. 
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All available panels are listed. You may click on one or 
more panels to select (highlight) them to be deleted. 
When you click on OK they will be deleted. 

17.2.3. Extend Panels In this application panels are defined as rectangles en­
closing a space between two neighboring wells. How­
ever, there rnay be cases when you will want to crea te a 
panel which will have only ene side coindding with a 
well while the second side will be free. Such panels rnay 
be needed when you wish to interpret and display lithol­
ogy beyond end wells in a cross section. Such panels are 
created by "extending" an existing panel using the coin­
rnand Ex~end Panel. The dialogue box as shown in Fig­
ure 17-13 will be displayed with the list of al! available 

17.2.4. Select Working 
Set (of Panels) 

17-7 

Panel to be extended 
(MW·06.MW·09 
fMW-li7.MW-ll8] 
fMW-li7.MW-!19) 

Figure 17-13 

Extenslon Length 
' feet 

MW-06 side c=J 
MW-09 slde c=J 

panels. Extending a panel you will not widen this panel 
but you will crea te a new panel which will share the si de 
well ari.d will have the length as entered by you in the 
right side of the dialogue box. The newly created panel 

. becornes independent and behaves in the sarne way as 
other panels. . 

The corpmand .Select Working Set on the Model rnenu 
irnplies .the selection of panels that make a currentwork­
ing set. You rnay have rnany wells making a current 
working group of wells, and you may have created 



17.2.5. Select Working 
Group (of Panels) 
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many panels from the group of wells [using the com­
mand Make Panels from Wells]. Using this command 

· you inay ellminate sorne of panels that you do not want 
to work with. When this command is selected the dia­
logue box as shown in Figure 17-14 is displayed. Click­
ing with the mouse on a panel name on either Selected 

Unsaladad halnc S .. ec:ted ttaau; 

(MW-Ol.MW-03) 
(UW-OZ,.J,fW-(13) 
(MW-Ol.MW-09) 
(WW-(I&.MW-07) 
(t.IW-O&.MW-09) 
(WW-G7JIW-08) 
(MW-(17.ww-G9) 
(WW-O!l.MW-10) 

l\ifii,¡:¡¡;,;~~y:;q PirEi~:#ó tl 
tnm;;·cd Wt>'"'"TiJ 

Figure 17-14 

or Unselected side you will move the panel to the other 
side. 

· The command Select 
Working Group on the 
Model menu implies 
the selection of panels 
tha t will make a cur­
rent working group. 
These will be the pan­
els used to create a 
fence diagram after 
you click on the Re­
fresh button. When 
this command is se­
lected the dialogue 

· box as show'n in Fig-

Figure 17-15 

ure 17-15 is displayed. Clicking with the mouse on a 
panel name on either Selected or Unselected side you 
will move the panel to the other side. 
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17.2.6. Clear Panels This command is used to remove additional "enhance­
ments" toa panel. For example, you may add lines either 
hand drawn or from the Mapping application. Also you 
may fill in a layer with a lithologic pattern. A panel may 
loo k as shown in Figure 17-16. Using the command Clear 

17-9 

17.2.7. Maximum 
Length 

Figure 17-16 

Panels all content other than lithologic columns will be 
eliminated and the screen display may look as shown in 
Figure 17-17. Using this command all panels currently 
displayed will be cleared. 

Panels are automatically created using X and Y coordi­
nates of wells. Sorne panels may be too long. You may 
reduce the length of ea eh panel by assigning a maximum 
allowed length. The dialogue box is as shown in Figure 
17-18. 

. /~ 
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17.2.8. Units The units are taken 
from the Cross Sec­
tion application. 
However, you may 
change units within 
this application. 

FENCE DIAGRAM APPLICATION 

• 

Figure 17-17 

Maxlmum Panellength (feet] 

lllilil 

Figure 17-18 

When you select the Units command you will be offered 
a dialogue box for Coordinates and for Elevations. 

17.2.9. Coordinate When this command is selected, the dialogue box as 
Plane Parameters shown in Figure 17-19 will be displayed. It is composed 

of four parts: Coordina tes, Scales, Z Label Font and Col­
ors for coordinate planes. When the Make Panels from 
Wells command is invoked GWW will sean all wells and 
will display the range of X, Y, and Z values for all wells 
making a current working group. You may change this 

17-10 
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X feet 

Y ~~~-~~~___jleet 
Z feet 

S cales 

Horizontal 1 : ~ 
Vertical 1: ~ 

Z Label Font 

Figure 17-19 

Colors 

l~f?<:sx:li!~;;.;l 
Hx'iillif•~lll 
¡¡:y:;;)?!Pio;;;;;;¡ 

manually in this dialogue box. Normally you may want 
to increase the top elevation (Zmax) to enhance the to­
pography. Or you may want to eliminate sorne deeper 
layers by increasing Zmin and emphasizing only the up­
per part of a fence diagram. 

Selecting scales is not that straight forward procedure as 
it was in the Mapping or Cross Section applications. Re­
member that this is a "quasi" three dimensional presen­
tation on a two dimensional plane (screen or paper). The 
final dimension of a drawing will deperid on severa! fac­
tors: on horizontal and, to lesser extent, vertical scales, 
on angle of rotation around X axis (to be selected under 
the Parameters button) and on angle of rotation around 
Zaxis. 

The best practice is to select different combinations and 
check the size of the drawing using the option Dimen-
sion on the Drawing menu. · 
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17.2.10. Viewing 
· Parameters 
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The Z label font part of this dialogue box is intuitive. So 
is the Color part in which yo u will select background col­
ors for "vertical" walls and the "horizontal" base of a 
fence diagram. (Neither the walls are vertical nor the 
base is horizontal, in most cases.) 

With the button Parameters you may control the follow­
ing: 

• Rotation angle around the Z axis. 

• Rotation angle around the X axis. 

• Relative projection distance. 

• Normal or central projection. 

The angles of rotation enhance ot hide sorne portions of 
a fence diagram. The best practice is to experiment with 
different angles and find a combination which displays 
best what one wants to present. 

The relative projection distance is a measure of the 
viewer's location. It is equivalent to the diagonal of the 
three dimensional space that is displayed; and measured 
from the center of the space. It cannot be less than 1, that 
is a viewer is not allowed to "enter" too close into the 
m o deL 

The dialogue box with parameters is as shown in Figure 
17-20. Figures 17-21 and 17-22 show the difference be­
tween an orthogonal and a normal projection, respec­
tively. The angles of rotation around the Z and X axes are 
30 and 45 degrees, respectively in both cases. 

The angles of viewing can bé assigned iri a more conven­
ient way by sliding scroll bars in the middle part of the 
left-side window. Slidmg the bars in whichever way you 
will rota te the coordinate triedar. When you wish to dis­
play the new view click on the Refresh button. If you 
have rotated the triedar, but have decided not to change 
the viewing angles, press the button CanceL 



17.2.11. Hand Drawn 
Lines 
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Rotation Angles (degrees) 

Around z-axis U 
Around x-axis~ 

Relative Projecioion Distance L.:I1 _ __J 

D Normal Projection lf'ild!(!l;i) Ji~#w~l 

Figure 17-20 

Figure 17-21 

Figure 17-22 

·. 

A free hand drawing is an option in this application. 
Howeyer, you should work in panels. Each panel is an 
independent entity. You cannot extend a line from a 
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panel to another in a straight forward way. (You may ere­
ate a continuous line by selecting a point on a well that 
is shared by two panels, but again, you will be drawing 
in individual panels.) 

To start drawing a line click on the button Line +.As long 
as you do not click on the same button again, the points 
that you will be making using the mouse will belong to 
the same line. Make severa! points with the mouse until 
you crea te a line. One suchline is showninFigure 17-23. 
To draw anothe~ line, again click on the button Line +.In 

Figure 17-23 

plotting terminology this is equivalent to Pen Up. Click­
ing now with the mouse on the starting point of a second 
line is like the plotting command Pen Down. An example 
is shown in Figure 17-24. 

Figure 17-24 
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To delete 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 you will want to fill a lithologic unit ora layer 
with its pattern. The filling is done in closed polygons. 
To fill the layer in Figure 17-24 with the patternfor dolo-

17-15 

mite you need to add two more lines, each connecting 
the top with the bottom of dolo mi te in both wells. H you 
do not close the polygon correctly the color and pattern 
will spill and cover the whole panel. H this happens you 
will have to clear this panel. However, remember that 
the command Clear Panels will clear all panels that are 
currently displayed (or which make your current work­
ing group of panels). 

When you have a closed polygon, you may select one of. 
·· lithologic patterns which are displayed in the lower part 

of the left-side window. Click on dolomite, e.g., notice 
that the symbol name becomes dimmed and click inside 
the polygon on the panel. This acts as a paint brush. Th~. 
final display is as shown in Figure 17-25. 

li!et 300 feet 
'. 

•. "'-w • • w , ... : •• , '" '"' •""'"' '" ""'" • '"'"" " "'""'"'"'""""""-' ""' ..,, __ '""""""""'"'...! 
Figure 17-25 



17.2.13. Fine Tuning of 
Points 
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You may fine tune the position of points and lines by us­
ing the button Select. After you press on Select you rnay 
drag any point on a·line. Figure 17-26 shows one such 

Figure 17-26 

rnove. Figure 17-27 shows that by rnoving a point on a 

Figure 17-27 
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line which closes a filled polygon the new polygon be­
comes complete! y filled with the selected pattern. 

17.2.14. Points You have two additional buttons: Points + and -. Al­
though points can be drawn using the Line + button, the 
button Points + draws but does not connect points. Like­
wise, the button Points - erases a point but not the line. 

17.3. WELLS MENU To select wells to be used on a fence diagram is normally 
the initial step in using this application. You have only 
two options on this menu: to select wells that will make 
a working set, and to select wells that will make a work­
ing group (Figure 17-3). You can make a working group 
only from wells that make a working set. 

17.3.1. Select Working 
Set 

17.3.2. Select Working 
Group 

17-17 

You use the select Working Set option in the same man­
ner as in any other application. Its use is explained in 
Chapter 5, section 5.3. lts purpose is to reduce a large set 
with many wells to a smaller set of wells which may be 
selected for any reason. 

Only the wells that are included in a working group can 
be added to a fence diagram. You may select a working 
group in several ways. One would be to use this option 
on the Wells menu, and manually pick wells one by one 
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 directly from a 
map. This will be·explained in Section 17.4. Whichever 
method of selection you choose, the list of selected wells 
willlook something like what is shown in Figure 17-28. 

.. 
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Unselected Jtems Seladed ttems 

Figure 17-28 

17.4. MAP MENU On this menu you have three options: 

17-18 

• LoadMap 

• Select Working Set From Map 

• Select Working Group From Map 

The Load Map option is a general option for selecting 
wells either to make a Working Set ora Working Group 
of wells. Prior to clicking on Load Map yo u should click 
on either Select Working Set from Map or Select Work­
ing Group from Map to make a working set of wells (a 
larger group) ora group of wells (from among a working 
set) that will be plotted on a fence diagram. 

When you click on either Select Working Set or Select 
Working Group nothing visible will happen. GWW is 
only prepared for your next move, that is the real selec­
tion from a map. 

17.4.1. Load Map This option is used for two purposes: 

l. To crea te a working set of wells directly from a map. 
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2. To create a working group of wells directly from: a 
map. 

17.4.2. Select Working The sequence is normally: 
SetfromMap 

l. Click on Wells to open the menu. 

2. Click on Select Working Set and Unselect all wells. 
Thls is important because any selection adds new 
wells to the existing working set. 

3. Click on Map to open the menu. 

4. Click on Select Working Set from Map. Nothing hap­
pens. 

5. Click on Load Map. Wait for the dialogue box to list 
available maps. 

6. Select one of maps listed. 

7. Selectwells to make a working set using either Rectan­
gle, Points, or Area. In the case of Points, use other 
buttons on the right side to complete the selection 
(End Points). In the case of an Area, after you circle 
an area (remember, in clockwise direction you are se­
lecting within the are a; in the counterclockwise direc­
tion outside the area!) you should close the area (End 
Point) followed by End Digitizing button. 

8. Click on Select Working Set on the Wells menu to 
check whether these are the wells you wish to work 
with when creating a fence diagram. 

17.4.3. Select Working The sequence is normally: 
Group from Map 

17-19 

l. Click on Wells to open the menu. 

2. Click on Select Working Group and Unselect all wells. 
This is important because any selection adds new 
wells to the existing working group. 

3. Click on Map to open the menu. 



17.5. GRID MENU 
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4. Click on Select Working Group from Map. Nothing 
happens. 

5. Click on Load Map. Wait for the dialogue box to list 
available maps. 

6. Select one of maps listed. 

7. Select wells to make a working group using either Rec­
tangle, Points, orAre a. In the case of Points, use other 
buttons on the right side to complete the selection 
(End Points). In the case of an Area, after you drcle 
an area (remember, in clockwise direction you are se­
lectingwithin the area; in the counterclockwise direc­
tion outside the area!) yo u should close the area (End 
fQID.t) followed by End Digitizing button. 

8. Click on Select Working Group on the Wells menu to 
check whether these are the wells you wish to dis­
play on a fence diagram. 

Using this option and the subsequent option from this 
menu you will add one or more lines to your cross sec­
tion. The menu has only one option: 

• Get Intersection Line 

The sequence of operations is normally the following: 

l. Select Get lntersection 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 random point values. 

2. Select one of available lines to plot . This line will be 
automatically displayed on the fence diagram. How­
ever, remember that for plotting a line the option 
Skip Undefined Polygons on the Drawing Style 
menu must not be checked. 
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17.6. DRA WING 
MENU 
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The lines that you may normally display could be the 
following: 

• ground surface elevation; 

• water level at one or more dates; pre-pumping and 
post-pumping water level showing a cone of depres­
sion; 

• lithological contacts between formations; 

• stratigraphic contacts between stratigraphic units; 

• top and bottom of an aquifer. 

You may display or add to a fence diagram one or many 
such lines as shown in Figure 17-29. 

Figure 17-29 

Using this command you will finish your drawing which 
you have created by selecting wells, making panels, se­
lecting scales and orientation, and other attributes. Here 



17.6.1. Make Drawing 
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17.6.2. Drawing 
Margins 
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you will rnake legend blocks to enhance the clrawing. In 
this rnenu you will also save the drawing by assigning a 
narne. Yo u will setup your printer and print the drawing. 

With this cornrnand you are switclúng frorn the rnain 
menu view to the drawing view. The whole screen be­
comes your drawing area. You may add lithology, 
header, scales, and any text you find appropriate. Wait 
until GWW recalcula tes the drawing and displays a dia­
logue box, Margins, on the screen. 

You will be 
f i r s t 
prompted 
(Figure 17-30) 
to confirrn 
the margins 
of the draw­
ing. Margins 
in this opera· 
tion imply 
the amount 
of shifting the 
drawing left, 
right, up, or 
down within 

Left !i] 
fK--~ 

Above O 
¡..:__~ 

Right o 
~-......, 

Below O 
'------' 

Figure 17-30 

the printing forrn field. The shifting of the clrawing be­
comes handy when you wish to make space for legend 
and text blocks. Remember that the drawing yo u are go­
ing to create will be saved and associated with a clraw­
ing's name but it will not becorne a part of the 
inforrnation systern which you can later edit. In other 
words, the 3D clrawings 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 chernical diagram anda step draw­
down test diagram. You rnay print them provided you 



17.6.3. Save Drawing 
As •.• 

17.6.4. Make Legend 
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crea te a reporting form in the Cross Section application 
and select Drawing option under New Field menu. 

When you create a new fence diagram you may want to 
save it for printing. The only option available for saving 
is Save Drawing As ... after which you are prompted to 
give a name to the drawing. 

'To crea te a legend block you must start with Make Leg­
end option. Using this option you will position the leg­
end block (box) onto the drawing, assign its X and Y size, 
and add sorne offset to the frame to move it from the 
drawing's frame. You may make severallegend blocks 
and place them on the same drawing, but you must fin­
ish the complete creation of one block· and fill its content · 
before you can crea te another block. One of Make legend 
dialogue boxes prepared for the lithology description is 
shown in Figure 17-31. 

Relate·corner points of map and legend 

Map Comer Point 
Lower Left 
Upper Left 
Upper Right 
Lowcr Right 

Legend Comer Point 
Lower Left 
Upper Left 
Upper Right 
Lowcr Right 

Additional Offset,J!!!!!!L._., 

xjs 1 Y~ 
Legend Field Dimension (mm) 

X j35 y Ll2_5 _..J 

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 available. 

2. Select Make Legend. 

3. In the dialogue box titled "Legend Positioning" select 
in w hich comer of the drawing yo u wish to place the 
legend. You ha ve four options: lower left, upper left, 
upper right and lower right. Yo u ha ve also the option 
to move the block from the selected comer both in X 
and Y directions, that is you may place the legend to 
any part of the drawing. 

4. In the same dialogue box decide which comer of the 
legend block will coincide with the selected drawing 
point. For example, if you select Lower Left comer 
of the drawing and Lower Left comer of the legend 
block, and leave blank additional offset fields, the 
legend block will have its lower left comer in the 
lower left comer of the drawing and will extend to 
the right and above from this "origin". If you select 
upper right comer of the drawing and upper left cor· 
ner of the legend block, the legend block will extend 
beyond the cross section drawing to the right. 

5. Select the offset in X and Y directions from the selected 
drawing comer points. The offset is in millimeters. 

6. Select the size of the legend block. Fill in the fields for 
X (width) and Y (height) size. 

NOTE 1. You may not like the position or the size of the legend 
block. You cannot erase the block without clearing the whole 
cross section. It may happen that the frame of the legend block 
or its content will not be fully displayed on the screen after the 
block is created. Click onFit Wnd button on the right to refresh 
the screen 



17.6.5. Write Text To 
Legend 

17.6.6.Write Scale to 
Legend 
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NOTE 2. Ifyau do not specify the "Legend Field Dimension" 
but leave the two fields blank, yau will be able to create a legend 
block without the frame. This may be very handy if yau are not 
su re what size of the block is needed for the text that yau intend 
to write. 

H you have created a legend block by using the option 
Make Legend you rnay add sorne text to the legend. 

l. Select Write Text to Legend. Type sorne te~t onto the 
line in the Text to Legend dialogue box. 

2. Click on OK or press ENTER 

3. The Font Selection dialogue box offers you to select a 
font frorn one of installed fonts. Select font family, size, 
and style. Keep in mind the size of the legend block and 
the length of the text string that you just typed. 

NOTE. The screen display in sorne parts of GWW is not 
What Yau See Is What Yau Get (WYSIWYG). This is espe­
cially true for the legend. It rnay appear that the text· 
string extends beyond the legend box frarne. 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 have assigned enough space for the block. 
One typicalline rnight be the word LEGEND. 

The prograrn knows which scales are used for drawing 
a fence diagram. When yo u select Write Scale to Legend, 
GWW will offer a default text for the horizontal scale, 
followed by a default text for vertical scale. You rnay ac­
cept these text options by pressing ENTER or clicking on 
OK, or yo u rnay override thern 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 option you will be prompted to select li­
thological symbols that may appear on the currently dis­
played fence diagram to have.them become a part of the 
legend. 

The procedure that follows assumes that you have an.ac­
tive legend block created by using the option Make Leg­
end. If not, crea te first the legend block and position it on 
the screen. 

l. Select Add Lithology to Legend. A dialogue box titled 
"Select Lith. Units" will display a list of alllithologic 
symbols that you ha ve made a part of your data base 
when you have created welllogs using the Well Lag 
application. This is the same list of wells which is 
copied from the ASCII file LITH.DLT as distributed 
with the program, unless you have used another file 
created by you.The dialogue box may look as shown 
in Figure 17-32. 

Figure 17-32 

2. Click with the mouse on a symbol that you wish dis­
played on the cross section. You should click on al! 
symbols that you wish to place on the legend before 
you select OK. This ensures that symbols will not be 
separated in the vertical succession within the leg­
end. SelectO K. Remember that by default GWW ere-
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ates one symbol5 mm high. Thus if yo u wish to place 
6lithologic symbols on the legend, you need to crea te 
a legend block with rninimUrn. 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 symbol. You may confirm it by 
pressing ENTER or clicking on OK button, or you 
may type another text. Here again you may use lan­
guage other than English! After the last selected sym­
bol is confirmed, the program will automatically add 
these symbols onto the currently active legend block. 
Figure 17-33 displays a lege!ld block created to de-

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

Figure 17-33 

scribe various lithological units that may appear on 
the fence diagram. 

NOTE. If you wish symbols to be separated one fram the other 
by 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 bloc/es 
separated by another 5 mm of blank space in the vertical suc­
cession. 
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A completed fence diagram with a header, legend block 
anda scale block is shown in Figure 17-34. 

17.6.8. Print Cross When you de-
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Section cide to print a 
3D cross sec­
tion, the pro­
gram will 
display the 
list of all 
available re­
porting forms 
as shown in 
Figure 17-35. 
You may se­
lect one of the 

Figure 17-35 



-·~· 

17-29 

17.6.9. To Setup a 
Printer 
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form5, 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 title dírectly on the 
drawing usíng the Malee Legend and Write Text to Legend op­
tíons. Or you may create a header or text field in the cross 
sectíon reportíng form. The first option is handy to malee a one- . 
line title. The second option is useful for making a title wíth 
one or more lines usíng object field attríbutes (alignment, 
fonts, colors, border líne thíckness, shadow and the Iike.). 

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 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. Close Printers and Control Panel. 

You may do about the same from inside the GWW. From 
within the GWW you use Printer Setup to change the 
orientation of printout, portrait (vertical) or landscape 
(horizontal), the printing medium, the quality of print, 

•'.l', 



17.6.10. Dimensions of 
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number of copies, colors for a color printer, and many 
more. You cannot change the default printer! 

The dialogue box for selecting printer parameters is 
shown in Figure 17-36 for Hewlett Packard Laserjet ID 
printer. 

O ~ortJait 
® bandscape 

Figure 17-36 

IFKtiiiiíiB:t'l 
IC}it;ti.~;@il 

You will use this option frequently to check the size of 
the drawing. The numbers are in centimeters by default. 
The following is important to keep in mind: cross sec· 
tions are printed using either a default reporting form or 
one whlch you created. When you create a reporting 
form, you assign the dimension and position of the 
drawing field. The dimensions assigned using the Tools 
option on the main menu and Report Form Editor 
should match the dimensions of your current cross sec· 
tion in order to print its whole content. 

For example, currently you have a cross section report· 
ing form as a part of the GWW.OOO template, whlch is 
prepared for the drawing size 250 mm horizontally by 
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17.7. DRAWING 
STYLEMENU 

17.7.1. Draw Lithology 
Pattem 
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154 mm vertically in landscape orientation, and 180 inm 
horizontally by 250 mm vertically in portrait orientation. 
If your drawing's dimensions, as displayed using this 
option, are less than the reporting form's drawing field, 
the cross section will be centered within the drawing 
field. If they are greater than the drawing field, a 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 dimensions 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 drawing, or at 
most you will indi· 
rectly change the 
size. The Drawing 
Dime nsion día· 
logue box looks as · 
shown in Figure 17-
37. 

Figure 17-37 

When you check this box lithologic units/members wilf 
have lithologic patterns (symbols) drawn. These are the 
same symbols that you are using in Well Log application 
and Cross section application. · 

'NOTE. You are advised to remove the check from this box 
when you are still working on a drawing. It takes time to draw 
litholagic patterns and symbals. Only when you are satisfted 
with the drawing, its legend, and ather text you may add li­
thalogic symbols. But add lithology befare you ga ta Make 
Drawing menu. There yau may alsa add lithalagy but it will 
nat be printed unless you clase the Make Drawing menu and 
open it again. 

(71 
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17.7.2. 2D Drawing When you select this box the angle of orientation along 
the X axis will be returned to 90 degrees. The cross sec­
tion will becorne similar to the standard Cross Section 
application, except that in this application you rnay con­
nect lithologic units, fill thern with symbols and pattem, 
and add sorne free-hand drawn lines. 

17.7.3. Skip Undefmed 
Polygons 

17.7 .4. Skip Lines 
Below and Above Log 

7. 7.5. Fill Panel 
Background 

17.7.6. Well Colunm 
Width 

17-32 

If you check ·the option Pararneters, you will notice that 
the "Around X axis" angle was set to 90. 

Sorne of polygons rnay be undefined. You are advised to 
keep this box unchecked, which would be interpreted as 
"Do not skip undefined polygoos." You certainly need to 
keep this box unchecked if you wish to add sorne "inter­
section" lines, that is the ground surface elevation, sorne 
water level at a certain date, lithologic rnernbers and the 
like. 

Sorne polygons rnay extend above the ground surface 
elevation and rnay have lithology undefined. Checking 
this box will prevent such polygons frorn being drawn. 

Leaving this box unchecked panels will be left transpar­
ent, that is without sides. Every well which would be · 
covered by a front-drawn panel will be visible. Yet you 
willloose "three dimensionality." 

Just the same as in the Cross Section application you may 
control the width of well columns. The default is 10 mm. 

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 yo u rnay overlap columns. 

4. SelectO K. 

NOTE. You may use "zero" column width for special pur­
poses. 
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18.1. 
INTRODUCTION 

18.1.1. General Ground Water for Windows (GWW) allows you to create 
your own applications in which you will store, process 
and manage data other than chemical, lithologic, water 
level, hydrogeologic, pumping test, or grain size. Notice 
on the Main menu of GWW under the Applications sub­
menu the last entry, User Data, Figure 18-1. 

fumping Tests 
l::!ydrographs 
t.4apping 
~ell Log 
Cross Jicction 
Fence Diagrams 
Step Drawdown Test 
§rain Slze Curve 

t.4iscellaneous 
Data 

Figure 18-1 

Creating one or more of your own applications, you may 
keep data that belong to a specific category under its 
own header. For examplé, 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, 
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such 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 si te ora larger area can be kept in a Surface-Water 
application. 

The User Data application uses all routines and utilities 
which are common to other components of the GWW 
system. You may make a random model for user-data­
specific entries, use this model to create location or con­
tour map for your data,print reports with data in tables 
or in any other format designed by you. 

However, before you start input of new data you must 
prepare the data base for a new application. The first step 
is to go to File Struc­
ture Editor and create a 
new data structure for 
an application. 

l. Select Tools under 
the Main menu. 

2. Select File Structure 
Editor. 

_HewUserAie 
Old.!.!serAie 

Exlt 

Create Stru~ture Frorn STD ASCII 
Wrtte Stmcture to ST () AS Cll 

Alt-F4 

3. Click on File. Notice 
on the menu which 
is as shown in Fig­
ure 18-2 two addi­
tional entries: 

Figure 18-2 

New User File 
and Old User File. 

4. Select New User 
File. GWW opens 
a dialogue box as 
shown in Figure 
18-3 prompting 

Enter newflle name 

1 Precipitationl 

....................... 
Ftgure 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 
Predpitation, actually an application for storing and 
processing rainfall and evaporation data. Immedi­
ately after you type a name for a new application and 
click on OK, GWW will display the data structure 
with only one data item, Well Ident, as shown in Fig­
ure 18-4. 

Data ltems 
N.!!llJ_:¡, ____ JA!!ll.n.~---····-···-····-·-····-·············*--4 ... _ .. _____ w~.J .. l .. _. ___ ............. . 

Figure 18-4 

5. Select New and start creating a new data structure. 
When you are finished, the dialogue box may final! y 
look as ' · 
shown in 
Figure 18-5. 

6. Click on OK 
and exit the 
File Struc­
ture Editor. 

The next step is 
to create a new 
entry form. This 
step can be 
omitted if you 
are satisfied 
with what 
GWW will offer 
by default. If 
you wish to ere­
ate a new entry 
form do the fol­
lowing. 

Da1 
We.l..!...Jg.!tll_1<_ _______ j!~.--......!il~ 
Rainfall 10 Nu 
Evaporation 10 Nu 
Serial 10 Ch 
Tipo 10 Ch 
CQmentario 40 Ch 
Rainfall record 20 Ch 
Evaporation record 20 Ch 

Figure 18-5 

. ·' 
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l. Select Tools from the Main menu. 

2. Select Data Entry Forms Editor. Notice the last row, 
U ser Data, Figure 18-6. 

OJstomization 

Data Structure Deslgn 

Data fntry Forrns Editor Master Data · · · 
Report Fonns Editor 

.l.!nits 

Chemistry 
Eumping Tests 
Hydrographs 
Well Log 
~ep Drawdown Test 
Grain Size OJrve 
User Data 

Figure 18-6 

3. Click on User Data. GWW will open a dialogue box 
prompting you to select one of user-defined applica­
tions. GWW knows wlúch applications you have cre­
ated by making new file structures. In tlús case only 
one application will be listed with the name Precipi­
tation as shown in Figure 18-7. 

Enter userfile name 

1 Precipitation 

Figure18-7 

4. Select Precipitation from the list of user-defined appli­
cations. 
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5. Now you may create a new entry form using any of 
data fields d.isplayed in the left-side window. The 
single fields are shown in Figure 18-8. The creation of 
entry forms is explained in details in Chapter 3. 

Single Fields 
Wellldent 
Rainfall 
Evaporation 
Serial 

Comentario 
Rainfall record 
Evaporation record 
Description 
District 
Locality 
Owner 

ZM 

Figure 18-8 

6. After you create an entry form save it using the option 
Save As .. under the File menu. 

The final step in preparing GWW for this new applica­
tion is to crea te one or 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 .Entry Forms Editor 
Beport Forms Editor 

.l.lnits 

Master 
Chemistry 
Eumping Tests 
Hydrographs 
Well Log 
~ep Drawdown Test 
Grain Size Curve 
Map 
Cross Section 

Figure 18-9 

3. From the list of applications select the one that you 
wish to create a reporting form for. In this example 
this will be the application titled Precipitation. 

4. Crea te a report formas explained in Chapter 3. 

5. Save this form using the option Save As .. on the File 
Menu. 

Now GWW is prepared for this new application 

Since you may create more than one user-defined appli­
cation, after you select User Data on the Main menu 
GWW will display a dialogue box, as shown in Figure 
18-10, with the list of all newly created applications. 
When you click on Precipitation and confirm the selec­
tion by clicking on OK, the display is as shown in Figure 
18-11. The User's applicationmainmenuis comprised of 
the following major options: 
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Enter user file name 
' 

jpreclpftatlon 

Prec1 )itiltion 

Figure 18-10 

Data Units Report Ma.ke Random Load Map Help 

BIB 
User Files. Precipitation Bancos de San 

Biologica Los Ulif?~~~~~~~~~~?~~~~?~~~~ 
Corozo Pando 
El Manguito 
El Rastro 
La Candelaria 
La Mision · 
Los Naranjos 

Wel t:lent Raantilll E~or.d:Cn 

La Candelaria 1144.00 2764.00 
Serial Tpo 

3438 PR 
Comen~ 

Eliminada Enero 1991 

1982-1991 

• Data 

• Units 

• Report 

• Make Random 

• LoadMap · · 

• Help. 

Evcporatbn fe:OOrd 

1982-1991 

Figure 18-11 

The Entry form is the GWW' s default form. 
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18.3.1. Data The following options are available on the Data sub­
menu: 

Select Working Set. This is explained in Chapter 5, sec­
tion5.3. 

Delete record. This is used to delete an entire record 
·froni. the data base. However, deleting a well from the 
UserData application will not delete this well from the 
data base, if the same well is used in sorne other applica­
tion. If you 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. You may have more than one Entry 
Form in your data base for this particular application. 
When you activate this option a dialogue box with all 
available entry form 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 . 
.- It is a standard Wmdows routine which displays the dia­

logue box of the printer driver that you have selected to 
be the default printer in Control Panel of the Wmdows 
MainMenu. 

Exit. Selecting this option or pressing ALT +F4 will termi­
nate the work in this application and return you to the 
GWW main menu. 

18.3.2. Units You may View or modify =rently selected units. 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: 



CHAPI'ER EIGHTEEN USER-DEFINED APPLICATION 

Current Settings Seled 
Rnmfnll mm 
Evaporation [mm] 
X[m) 
Y[m] . 
Z [m] 
ZM [m) 

• Print Report · 

• Select Table Form 

• Select Record Form 

m 
cm 

in eh 
feet 
In eh 

11~'\f,j\!m:r;r;;¡ 
lli;+s;t;~ifJ~ . 

Figure lB-U 

The differences between these options are explained in 
Chapter 6, section 6.4.3. 

18.3.4. Make Random This option is discussed in Chapter 5, section 5.6. It is ene 
of the most important options provided in the user-de­
fined applications. Using this option you will create ari'·. 
interna! file which contains random points and their X 
and Y coordinates, well identification and a space-de­
pendent numerical parameter. This parameter may be 
average annual rainfall for a climatological station, aver­
age annual evaporation, or anything else, depending on 
which data you are storing in this application. 

18-9 

When you select Make Random option GWW displays a 
·dialogue box, as shown in Figure 18-13, with the list of 
all space-dependent parameters for this and Master Data 
applications. Entry Rainfall is selected to create addi­
tional figures included in this chapter. 

·.· 
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18.3.5. Load Map Thls option, which is discussed 
in Chapter 5, section 5.3.2, is also 
one of the important 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. 

18.3.6. Help This is a context-sensitive help 
which contains most of the ex­
planations, procedures and rou-
tines that are applicable to the user data application. 

18.4. USING STO RED 
DATA TO CREATE 
THEMATIC MAPS 

After rainfall data, e.g., are entered anda random model 
created using the data entry Rainfall, you may use the 
Mapping application to create two maps: (1) Location 
map showing locations of meteorological stations and 
their names (see Figure 18-14), and (2) Contour map of 
average annual rainfall expressed in mm/year (see Fig­
ure 18-15). 

18-10 

Figu 
18-é 
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Figure 18-14 

18-11 



CHAPfER EIGHTEEN USER-DEFINED APPLICATION 

Figure 18-15 

18-12 
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SERIES 

19.1 

INTRODUCTION 

19.1.1. General 

Using this application you may create a data base with 
various chemical constituents related to the depth of 
sampling. This is especially important in cases when the 
sampling is repeated over the drilled hole depth, and 
samples are taken from soil and water as the drilling pro­
gresses. Likewise, in saline water environments such as 
in coastal aquifers, the salinity stratification is often the 
case. 

The data base is in a form of individual tables; one for a 
well, plus sorne general information that may also be a 
part of the data base. The display is user-designable. You 
decide whether you wish to display one or more con­
stituents on the same diagram, whether you wish to use 
bar or 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 create graphs and 
save them for later printing. 

This application is a part of the Chemistry application. It 
branches off from Chemistry as shown in Figure 19-1. To 
activate it, you should select Applications, then Chemis­
try, and then Concentration-Depth. · 

19.1.2. Application's As shownin Figure 19-2, the Concentration-Depth appli­
Content cation is comprised of the following major options: 

19-1 
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Jjydrographs 
.Mapping 
Y!'ell Log 
Cross ~edion 
fence Diagn~ms 

CONCENTRATION-DEPTH SERIES 

Step Drawdown Test 
§rain Size Curve 

Miscellaneous 
!,lser Data 

Figure 19-1 

Fil Chemlstry- ConcentratlonJ'Deptfl(c;\bahreln\bahraln.gwwf R 
Data }ables l.Gg Design DIBJiay Beports .Qptlons Uad M•P Mab: Bendom 
Hclp 

1117 
112'.; 
112'1 
11'3 

• Data 

• Tables 

-·-1116 

t60330 

• LogDesign 

• Display 

• Reports 

• Options 

• Map _ 

• Make Random 

• Help 

-
y 

Figure 19-2 

Prior to using thls application you must modify the file 
structure for "concentration - depth series" to make 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, you should select Tools, 
followed by Data Structure Design. This activa tes the file 
structure editor. Select Files, followed by Old. From the 
list of intemal data structures select the one labeled 
Chem_Conc_Depth_Tab. In the default template, 
GWW.OOO, which comes on the distribution diskette, the 
only entry that is prepared is Depth. Using the editor ere­
ate your own list of chemical constituents that you wish 
to store in the data base. One of such lists is shown below. 

Depth 

Cl 

Na 

TDS 

10 Num(Dim) Fixed 2 m 

10 Num(Und) Fixed 2 

10 Num(Und) Fixed 2 

10 Num(Und) Fixed 1 

Conductivity 10 Num(Und) Float 1 

As it is prepared, one may store, display and report data 
on chloride, sodium, total dissolved solids, and on con­
ductivity of water. 

The Data menu is shown in Figure 19-3. In this menu 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 have eventually created. You may also de­
letea record. You may read general data on sampled 
wells (coordinates, elevations, descriptions, names, etc.) 
from an ASCII file, or you may save such data to an AS­
CII file. 11ús menu deals with wells and not with tables. 
Atable is the place in which you type chemical 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-

Figure 19-4 

move sorne rows in the table, save data, exit (close) table, 
and check or modify units used for depth. Just the same 
as in other applications, you may save your tables 
(depth-c~ncentration data) and/or import them as A5-
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 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, 
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, you edit it, save it, or select 
one of available designs. 

The command Display does not have any other sub­
commands. lt does what it says. lt 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 19-6. Using the 
commands on this menu, you may print a graph, or save 
it for future printing, or mixing with other graphs. 

Figure 19-6 

The Options menu allows you to switch between parts 
per rrúllion (PPM) and equivalents per million (EPM). Of 
course, this will apply only to charged ionic constituents 
for which conversion factors are available in the auxil­
iary file PPMTOEPM.TBL. 
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The Map menu is explained in Chapter 5, Section 5.3.2. 
lt is used to load a map and select sampled points di­
rectly from the map. 

The Make Random menu is also explained in details in 
Chapter 5, Section5.6.lt will be used for creating location 
or site maps showing sampling points at which depth­
variable chemical data are available. 

19.2. DATA MENU 

The routines on this menu are equivalent to similar rou­
tines in other applications. For example, see Pumping 
Test, Hydrographs, Step-Drawdown, or Grain-Size ap­
plication. 

19.3. TABLES MENU 

19-6 

Using the commands on this menu you are creating your 
data base as it refers to concentration of selected con­
stituents with depth. You may importan already created 
table as an ASCIT file, one for a sample, or you may use 
the GWW editor. 

19.3.1. Edit Table When you select the Edit Table command for a new sam­
ple, the editor displays an empty table listing all con­
stituents that you ha ve listed in the Data Structure on the 
Tools menu. In the case of only four constituents selected 
(Na, Cl, TDS, and Conductivity), the table may look as 
shown in Figure 19-7. Ifyou are going to editan existing 
table filled with data, the display may look as shown in 
Figure 19-8. 
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Figure 19-7 

ºata Iablcs !,og Design · Dil!JIIay Bcports ~tions Load Map t.4 

Figure 19-8 

To edit data, you use standard GWW commands: TAB to 
move from one field to the next, Shift+ TAB to move 
backwards, CTRL+I to inserta line, CTRL+D to delete a 
line. The program does not check the sequence of depth 
entries. You are expected to use the logical sequence, 
from shallow to deeper. 

19.3.2. Save Data When you finish typing the data you 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 mouse and click on Tables on the menu bar and 
click again on Save Data. 

19.3.3. Exit without You may decide only to view the data without saving 
saving them. Again, you ha ve two ways to do it. The first is to 

press the Ctrl key and simultaneously press the X key. 

19-7 
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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 format is similar to the format 
in other applications·. One such table is reproduced be­
low. 

<Depth> <Cl> 

190.00 12200 

240.00 24300 

290.00 39300 

<Na> <TDS> <Conductivity> 

6300 22600 29800 

12500 40000 51200 

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 cohsistent in declaring the field 
narnes (Depth, Cl, etc.). These must be typed exactly the 
same as they are typed in Data Structure (in 
Chem_Conc_Depth_Tab ). 

NOTE. The "depth" entry is protected. You cannot change the 
word or the way it is typed. GWW expects the word Depth 
which it uses internally. 

Using the command Standard ASCII Input you can im­
port data tables created with a text processor ora spread­
sheet program. (lf you use spreadsheets, you must print 
such tables to a file. Spreadsheet program creates nor­
mally ASCII files, which then can be directly imported 
intoGWW.) 

Using the command Standard 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 depth are riormally specified in Data Struc­
ture, in interna! file Chem_Conc_Depth_Tab. However, 
you may change the units from within the application, 
using the command Depth Units. 

19.4. LOG DESIGN 
MENU 

On this menu you have five options: 

• New Log Design 

• Old Log Design 

• Edit Log Design 

• Save Log Design 

• Save Log DesignAs 

After you have created data table you will want to dis~ 
play graphs showing how concentration of one or more 
constituents changes with depth. Before you can display 
a graph, you need to create, modify or edit the design of 
such presentation. In GWW terminology, we use Log De-: 
sign, implying that this is a vertical presentation of 
chemistry with depth. 

19.4.1. New Log Design When you select New Log Design GWW opens a dia­
logue box as shown in 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!, 
and scale of the graph. The right side of the dialogue lists 
all available constituents (taken from Data Structure or 
from the intemal file Chem_Conc_Depth_Tab ). You may 
select one or more constituents to display, and by click­
ing on the button Attributes control how each constitu­
ent will be presented. 

19-9 
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Figure 19-9 

You are selecting or unselecting 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 you highlight a 
constituent on the "Selected" side and press the button 
Del, this constituent will be deselected and will disap­
pear from the list of selected constituents. 

Below is explanation for each of options in this dialogue 
box. 

Del ... Removes a constituent from the "Selected" field. 
Highlight the constituent you do not wish to display and 
press Del. 

Heading Height ... Using this option you may change 
the height of the header row, with names of 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 concentration values 
are displayed. 

Heading Font ... You may select fonts (family and size) 
for the header row. 

Axis Font ... You may also control the font you are going 
to use for displaying individual values of constituents. 
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Depth/Level Unit ... Although the unit is preselected by 
you in Data Structure (the unit for depth), you may over­
ride your selection using this option. 

Scale ... Depending on the depth you are going to pre­
sent and the paper you will use to print the graph, you 
may change the scale. 

Column Width ... The width you type here refei-s to the 
width of vertical colurnns in which Depth and Level 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. You may 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 side of the graph. 

19.4.2. Attributes When you selecta constituent ora chernical diagram pa­
rameter, you may control the way in which this particu­
lar consti~ent or parameter will be displayed. You will 
use the button Attributes. The dialogue box as shown in 
Figure 19-10 will be opened. 

r
CÓiumn Wldth (mmJ 

1 
Dabl ~ Graph ~ 181 ADtu Siz~ 

¡-¡ --::.,--,. :-::-:--=?"1=1 rGnph Typo 1 rAxl• Typo 1 
-, -, 8uae OBar®Unear 0Log 

"Exlreme Vatau 
···-·--- r;;----'1 .. •--·- r;;--

IX:~fWéUit.HIGHf:~ff?II 

Figure 19-10 
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The entry "Column Héading" will offer the name of the 
constituent as found in the interna! file 
Chem_Conc_Depth_Tab. However, you may override 
this offer and type a different name (e.g. in another lan­
guage). 

The options for column and graph width allow you to 
increase or reduce the size of vertical columns in which 
data (concentrations of a constituent) and graph (its 
graphical presentation) are displayed. While you may 
select the width for data, you are advised to keep the box 
Auto Size checked. GWW will then automatically select 
the size for the column in which the graph is displayed. 

The Graph Type option allows you to select either line 
or bar graph. The Axis Type option allows yo u to display 
data as linear or logarithmic series. The Extreme Values 
(minimum and maximum) option lets you select the 
range of concentration you wish to display. 

For each constituent you may select color for lines and 
for fills. 

Since yo u may crea te one or more designs for displaying 
various constituents and save them by assigning names, 
you may also retrieve and use one of pre-created de­
signs. When 
you select 
the option 
Old LogDe­
sign, the list 
of all avail­
able designs 
will be 
listed, as 
shown in 
Figure 19-11. 

Cond_CI_Na_ms 
Conductivlty 

Figure 19-11 
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When you finish editing an existing log design, you may 
save it under the name it was opened. GWW will not 
prornpt you for a name. It will assume you want to use 
the old name. 

You rnay save a design under a different name. For this 
you will use the option Save Log Design As. 

19.4.5. Edit Log Design The same dialogue box as the one shown in Figure 19-9 
will be displayed and you may proceed with its editing 
in the same way in which you ha ve created a new design. 

19.5. DISPLAY 

19.6. REPORTS 

19-13 

Figure 19-12 displays a graph with conductivity as the 
only parameter selected. Figure 19-13 displays a graph 
with four different constituents and/ or parameters. 

' 
· You rnay print a depth-concentration graph using the 
option Report from the application's menu bar. As 
shown in Figure 19-14 you will have to select between 
two reporting options: 

• Print Graph 

• Print Table 

The option Print Graph will print the graph of the sam­
ple currently selected. The option Print Table will print 
inforrnation, in a tabular forrn, for all wells/ samples that 
comprise the current working set. The information 
which will be printed will depend on what you have de­
clared in the report form. When yo u select to print using 
one of options in the upper two lines of the menu, the 
program will prompt you to select a reporting forrn. 
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Figure 19-13 

Dopth 
!mi 
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41.23 

Figure 19-14 

You may also save a depth-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 command, you may switch between parts per 
million (PPM) and equivalents per million (EPM). This is 
important in two instances. The first is the way in which 
constituents will be displayed. If you select EPM, the val­
ues displayed will be converted to equivalents per mil­
lion, and vice versa. This option is also important to 
correctly import data tables as ASCII files. Depending on 
whether the data are prepared as ppm or epm, yo u 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 the 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. 
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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: 
,Set from Map 

19-16 

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 important because any selection adds new 
wells to the existing working set. 

3. Click on Map to open the mertu. Wait for the dialogue 
box to list available maps. 

4. Select one of maps listed. 

5. Select wells to make a working set using either Rectan­
gle, Points, or Area. In the case of Points, use other 
buttons on the right side to complete the selection 
(End Points). In the case of an Area, after you circle 
an area (remember, in clockwise direction you are se­
lecting within the area; in the counterclockwise direc­
tion outside the area!) you should close the area (End 
Point) followed by End Digitizing button. The wells 
(samples) will be listed in the left-side identification 
window. 

Selection of printers and attributes related to printing is 
normally a Windows operation. You may set up your 
printer parameters from Wmdows, prior to running the 
GWW program. To do this: 

l. From Main Group select Control Panel. 
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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. Close Printers and Control Panel. 

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. You cannot change the default printer! , 

The dialogue box for selecting printer parameters is 
shown in Figure 19-15 for H~wlett Packard Laserjet 
4/4M printer. 

Media----------, 

PeperS"¡ze: \A4 210 x 297 mm \ij 
~ ® """""' Pepcr ~urce: L.IAirto-'-'-'S'-•1_"_' ___ ...=1•1 O Landscape 

t.opies: E::Jl 
Printer Resolutlon 

0 iDO dpl ® }00 dpl 

Prlnter Nemory 

fage Protettian: 

Memory (MB): 

Cat!Jidges/SIMMs 

2:" Microsoft 1A 
HP: Bar Codes & More 
HP: Fonns. Etc. 
HP. Global Text 

1 O TrycType Sc:rcco Fant:s lnstallcd 

Figure 19-15 

' .. ~ 
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In the following example you will create data structure, 
use the default entry form supplied by GWW, and enter 
data with the following depth-dependent constituents: 
toluene, phenol, and benzene. 

The data to input are the following: 

Depth Toluene Phenol Benzene 
5 o o o 
10 50 25 125 
15 100 65 u o 
20 1000 75 70 
25 155 25 o 
30 o o o 

Since the range of toluene is from O to 1000, you may 
select to display toluene in logarithmic scale, and the 
other two linearly. 

l.To startwith, from the GWW Main menu yo u will click 
on Tools, followed by Data Structure Design. 

2.Wait until the new menu bar is displayed. Select File, 
thenOld. Locate the interna! file titled 

Chern_ Conc_Depth_ Tab. 

3.Notice that there is only one entry, Depth. lf you are 
working in feet system, you may want to replace the 
default unit for length, which is meter for foot. 
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4.Select New. Type Toluene. Use TAB to move to next 
field. Accept the default width of the field as 10 char­
acters. Move down the dialogue box and check Nu­
meric (do not check on Numeric dimensioned since 
the concentration of a chemical is a nondimensioned 

· number!). Click on OK. In the next dialogue box se­
lect OK accepting all defaults (2 decimal ~gits, fixed 

· point arithmetics). Notice that Toluene is displayed 
in the list of constituents. 

S.Repeat the same for Phenol. 

6.Repeat the same for Benzene. The list should now con­
tain 4 parameters as shown in Figure 19-16~ 

Oepch 
Toluene 
Phenol 

Dataltems 
10 Num(Dim) Fixed 2 m 
10 NumCUnd) Fixed 2 
10 Num(Undl Fixed 2 

Figure 19-16 

7.Close the dialogue box by selecting OK, select File and 
Exit. The new data structure for depth-concentration 
is created. 

S.Click on Applications on the GWW Main menu, then 
on Chemistry, and then on Concentration- Depth. 

9.GWW will display an entry form which will have only 
one field, Well Identification. The cursor will be in 

this field. 

10.Type the well number, say MW-1. Now finish the in­
put by pressing Page Down key once to complete the 

1 
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entry, and second time to highlight this well and 
make it active. Altematively select this well using the. 
mouse. 

ll.Select Tables and click on Edit table. The display will 
be as shown in Figure 19-17. There will be four col­
unms (Depth, Toluene, Phenol, Benzene), each with 

Figure 19-17 

a 0.00 value. Fill in the values as prepared for this 
example. The table willlook as shown in Figure 19-
18. . 

12.When you finish 
hrT>Pcl row, that is ciPJ,th 

leave the cursor in the last 
in the fourth column, and 

Figure 19-18 

press the .combination Ctrl S. (Alternatively, yóu may 
click on Tables, and then on Save.) 

13.Now you will crea te your own log design. Select Log 
Design on the menu bar. Select New Log Design. The 
screen will display the three constituents as "selected 
fields", as shown in Figure 19-19. 

14.Change the scale from the default 1000 to 500. Click 
onOK. 

15.Now you may see immediately the graph. Click on 
Display. The default parameters are used to display 
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.... 
~· 

Headlng Height (mm] ~ 
Column Axis Helght (mm) ~ 
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Scale Columns 

ldt Rlght ---'---, 

Ci?J Plot ® Depih 181 Plot O Oepth 

o level ® level 

Colu~n Width (mm] ~ 

Aelds 

Toluenc 
Phenol 
Bcnzcne 

Figure 19-19 

Sclcded 

Tolucnc 
Phcnol 
Bcnzcne 

this graph. The display is as shown in Figure 19-20. 
Click on the button Close to remove this graph . 

Figure 19-20 
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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 Logaritlunic, 
and in the boxes Mínimum and Maximum type 0.1 
and 1000, respectively. Click also on Fill color and se­
lect a color. Click on OK to close the Attributes dia­
logue. Now replace the word Toluene in Column 
Heading box with TOLUENE ppb. Click also on 
Heading Font, and select for font Arial 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 . 

....... 
... 1 

Figure 19-21 

Select Log design, followed by Save Log Design. 
Type a name for this design. 

18.The task now is to have only toluene displayed 
and/ or printed. Select Log Design, then Edit Log 
Design. Highlight phenol and click on Del. Repeat 
the same with benzene. Only toluene remains in the 
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"selected" list. Highlight Toluene and click on Attrib­
utes. Notice that the width of the graph field is still 
25 mm. Click on OK and then repeat highlighting 
Toluene and selecting Attributes. Notice now that the 
width of graph is 105 mm. This is automatically cal­
culated, since there will be only one graphic field. 
Click on OK and select Display. The display is as 
shown in Figure 19-22. 

Figure 19-22 

-· fool 

19.Close the display, exit the application, and exit GWW. 

This ends this example. 
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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 satine water environments such as in 
coastal aquifers, the sea water intrusion may take place 
after a prolonged pumping. 

The data base is in a form of individual tables, one for a 
well, plus sorne general informatión ltutt may also be a 
part of the data base. The display is user-designable. You 
decide whether you wish to display one or more con­
stituents on the same diagram, and whether the scale· 
will be linear of logarithmic. You may display one or 
more constituents as linear graphs, and another as loga­
rithmic. That is, each constituent may be assigned its 
own attributes for presentation. 

As in other parts of GWW, you may create graphs and 
save them for later 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-Tnne . 
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Content 
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furnphlg Tests 
J:!ydrographs Concentration 
t.lapping 
Well Log 
Cross .S.ection 
.Eence Diagrams 
Step Drawdown Test 
§rain Size Curve 

t.liscellaneous 
Y.ser Data 

Figure20-1 

As shown in Figure 20-2, the Concentration-Trme appli­
cation is comprised of the following major options: 

ll.ata Iables Lag Design Di.iJllay fieports .Qptions · Load Map Make Bando m 
!nterpolatlon l:!elp 

0/0 
Chern Conc Time 

Figure20-2 

• Data 

• Tables 

• LogDesign 

• Display 

• Reports 

• Options 

20-2 
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• LoadMap 

• Make Random 

• Interpolatio,n 

• Help 

Prior to using this application you must modify the file 
structure for "concentration- time series" to make it com­
patible with the parameters that you wish to store, dis­
play, and retrieve as reports. 

From the Main menu on GWW, you should select Tools, 
followed by Data Structure Design. This activates the· 
file structure editor. Select Files, followed by Old. From 
·the list of internal data structures select the one labeled 
as Chem_Conc_Time_Tab. In the default template, 
GWW.OOO, which comes on the distribution diskette, the 
only entry that is prepared is Date. Using the editor ere­
ate your own list of chemical constituents that you wish 
to store in the data base. One of such lists is shown below. 

Date 10 Date mm/dd/yy 

o 10 Num(Und) Fixed 2 

Na 10 Num(Und) Fixed 2 

TDS 10 Num(Und) Fixed 1 

Conductivity 10 Num(Und) Float 1 

As it is prepared, one may store; display and report data 
on chloride, sodium, total dissolved solids, and on con­
ductivity of water. 

T h e Data m en u i S 

shown in Figure 20-3. 
In this menu you se­
lect your current 
working set (reduce a 
large · set to a smaller, 
thematic set). You may 

Alt-F4 

Figure20-3 
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•;- !·"\ 

"•' 
•r 
. .,. . . 
·; 



20-4 

CHAPTER20 CONCENTRATION-TIME SERIES 

check which units are currently used for general data 
(sampled well coordinates and elevations). You may se­
lect one of entry forms that you may ha ve eventually cre­
ated. You may also delete a record. You may read general 
data on sampled wells (coordinates, elevations, descrip­
tions, names, etc.) from an ASCll file, or you may save 
such data to an ASCll 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. Tiús latter is 
done using the menu Tables. On this submenu you will 
select the Trme Interval in which you wish to display the 
data. That is to say, you may create a data base spanning 
a very large time period. However, when you wish to 
display or print the data, you may select a smaller time 
interval to emphasize the time-dependent values. 

The Tables menu is shown in Figure 20-4. Using this 
menu you either type your data, edit table, add or re-

Figure20-4 

move sorne rows in the table, save data, and exit (close) 
table. Just the same as in other applications, you may 
save your tables (time-concentration data) and/ or im­
port them as ASCll files. 

NOTE..One table is saved in one ASCII file. 

The Log Design menu is shown in Figure 20-5. The com­
mands on this menu are used to customize the display 
and printout. The customization means, first, which con­
stituents from a table you wish to display. For example, 



' 
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Figure20-5 

although you may have entered the values for Na, O, 
TOS, 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 maxi.mum concentrations to display, etc. 
You may also control widths of individual columns used 
to display constituents. 

NOTE. The control of fonts used to label a graph is accom­
plished from Customization, which is one of commands on the 
Main menu ofGWW. 

On this current menu you design a "display" log, you 
edit it, save it, or select one of available designs. 

The command Display does not have any other sub­
commands. It does what 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 2ü-6. Using the 
commands on this menu, you may 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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IAQO.I 

Figure 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. 
It is used to load a map and select sampled points di­
rectly from the map. 

The Make Random menu is also explained in details in 
Chapter 5, Section5.6.1twill be used for creatinglocation 
or site maps showing sampling points at which time­
variable chemical data are available. 

The routines on this menu are equivalent to similar rou­
tines in other applications. See, for example, Hy­
drographs application, especially for selecting the 
Working T!me Interval. 

NOTE. Remember that the currently selected yYorking Time 
Interoal is displayed in the title bar next to the name of the data 
base file. 
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20.3. T ABLES MENU 

20-7 

Using the commands on this menu you are creating your 
data base as it refers to concentration of selected con­
stituents with time. You may import an already created 

. table as an ASCII file, one for a sample, or you may use 
the GWW editor. 

20.3.1. Edit Table When you select the Edit Table command for a new sam­
ple, the editor displays an empty table Iisting all con­
stituents that you ha ve Iisted in the Data Structure on the 
Tools menu. In the case when only three constituents are 
selected (say, EC, N03, and N02), the table may look as 
shown in Figure 20-7. If you are going to edit an existing 
table filled with data, the display may look as shown in 
Figure 20-8. 

Figure 20-7 

Figure 20-8 

To edit data, yqu use standard GWW commands: TAB to 
move from one field to next, Shift+ TAB to move back­
wards, CTRL+I to inserta line, CTRL+D to delete a line. 
The program checks the sequence of time entries. You are 
expected to use the logical sequence, from early time to 
la ter. 
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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 menu bar and click 
again on Save Data. 

20.3.3. Exit without 
saving 

20.3.4. Standard 
ASCII Input and 

Output 

You may have decided only to view the data without 
saving them. When you are done with viewing the data, 
you may exit in one of the two ways. The first is to press 
the Ctrl key and simultaneously press the X key. The 
other way is to use the mouse and click on Tables on the 
menu bar and click again on Exit (Don't save). 

The data tables can be created outside the GWW package 
using a text processor. The format is similar to the format 
in other applications. One such table is reproduced be­
low. 

<yyyy/mm/dd> <Cl> <Na> <Conductivity> 

1983/04/25 500.0 200.0 2200.0 2650.0 

1983/06/22 750.0 340.0 3300.0 4010.0 

1983/08/04 468.0 188.0 2100.0 2550.0 

The first Iine is the header 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 (time, O, etc.). These must be typed exactly the 
same as they are typed in Data Structure (in 
Chem_Conc_Trme_Tab). The first entry is the date and 
time. You supply the format of data input 
(yyyy /mm/ dd), which you must follow in the data be­
low the header line. You 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/mm/dd, yyyy/mm/dd, -mm-yy, .mm.yy, etc. It is 
important that the data that follow the header line must 
be typed according to the format declared in the header. 

Using the command Standard ASCII Input you can im­
port data tables created with a text processor ora spread­
sheet program. (lf you use spreadsheets, you must print 
such tables to a file. Any spreadsheet program, when in­
structed, crea tes normally ASCII files, which then can be 
directly imported irito GWW.) 

Using the command Standard ASCII Output you are 
saving the data tables in ASCII format, such as the one 
shown above. 

20.4. LOG DESIGN On this menu you have five options: 
MENU 

1 

• New Log Design 

• Old Log Design 

• Edit Log Design 

• Save Log Design 

• Save Log DesignAs 

After you ha ve created data table you will want to dis­
play graphs showing how concentration of one or more 
constitueríts changes with time. Before you can display a 
graph, you need to crea te, modify or edit the design of 
such presentation. The "Log Design" is used in other 
parts of GWW implying a vertical presentation of data. 
Here, it implies a "diagram" design of chernical data 
presentation with time. 

20.4.1. New Log Design When you select New Log Design GWW opens a dia­
logue box as shown in Figure 20-9. The right side of the 

20-9 

... 
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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. 

Fields Selected 

~erc======~'-e"c------~ 
NOJ NOJ 
NOZ NOZ 

Figure20-9 

You are selecting or unselecting 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 you highlight a 
constituent on the "Selected" side and press the button 
Del, this constituent will be deselected and will disap­
pear from the list of selected constituents. 

20.4.2. Attributes When you selecta constituent ora chemical diagram pa­
rameter, you may control the way in which this particu­
lar constituent or parameter will be displayed. You will 
use the button Attributes. The dialogue box as shown in 
Figure 20-10 will be opened. 

The entry "Column Heading" will offer the name of the 
constituent as found in the interna! file 
Chem_Conc_Trme_Tab. However, you may override this 
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offer and type ·a different name (e.g. in another lan­
guage). 

Column Attributes 

Column Heading 1 onductivi 

~Column Wldth [mm) 

Data 5IJ Graph ~ 181 Auto Size 

~Graph Type 
@Une O Bar 

Extreme 

Minimum lo 

1 ~~slype 
@ Unear O Log 

Maxlmum lo 

Figure 20-10 

The options for colurrin and graph width allow you to 
increase or reduce the size of vertical columns in which 
data (concentrations of a constituent) and graph (its 
graphical presentation) are displayed. While you may 
select the width for data, you are advised to keep the box 
Auto Size checked. GWW will then automatically select· 
the size for the column in which the graph is displayed. 

The Axis Type option allows you to display data as lin­
ear or logarithmic series. The Extreme Val u es (mínimum 
and maximum) option lets you select the range of con­
centration you wish to display. 

Por each constituent you may select color for lines and 
for fills. 

20.4.3. Old Log Design Since you may crea te one or more designs for displaying 
various constituents and save them by assigning names, 
you may also retrieve and use one of pre-created de­
signs. When you select the option Old Log Design, the 

20-11 

X .. 
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20.4.4. Save Log 
Design and Save Log 

DesignAs 
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list of all available designs will be listed, as shown in Fig­
ure 20-11 . 

EC-N03-N02 
TDS-Ha-CI-Bcnzcnc 

Figure 20-11 

When you finish editing an existing log design, you may 
save it under the name it was opened. GWW will not 
prompt you for a name. It will assume you want to use 
the old name. 

You may save a design under a different name. For this 
you will use the option Save Log Design As: · . ' 

20;4.5. Edit Log Design The same dialogue box as the shown in Figure 20-9 will 
be displayed and you may proceed with its editing in the 
sani.e way in whlch you have created a new design. 

20.5. DISPLAY 

20-12 

Figure 20-12 displays a graph with conductivity as the 
only parameter selected. Figure 20-13 displays a graph 
with three different constituents and/ or parameters. 
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Figure 20-12 

"j 

1 

Figure 20-13 

20-13 



20.6. REPORTS 

20-14 
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NOTE. When you select the option Interpolation/Set Connec­
tion Span and type a relatively small number of days, the sam­
ples that are taken beyond the span selected (that is, at greater 
intervals than specified) will be shown as vertical bars. 

You may print a time-concentrati.on graph using the op­
ti.on Report from the application's menu bar. As shown 
in Figure 20-14 you will have to select between two re­
porting opti.ons: 

Figure 20-14 

• Print Working Set 

• Print Record Data 

The opti.on Print Drawing will print the graph of the 
sample curren ti y selected. The opti.on Print Working Set 
will print information, in a tabular form, for all 
wells/sarriples that comprise the current working set. 
The information which will be printed will depend on 
what you have declared in the report form. When you 
select to print using one of opti.ons in the upper two lines 
of the menu, the program will prompt you to select a 
reporti.ng form. 



20.7. OPTIONS 

20.8. LOAD MAP 

20-15 
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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 graplúcs. For this, you use Save Draw­
ing option, followed by Print N onstandard Report from 
this or another application. 

Using this command, you may switch between parts per 
million (PPM) and equivalents per million (EPM). This is 
important in two instances. The first is the way in wlúch 
constituents will be displayed.lf you select EPM, the val­
ues displayed will be convertedto equivalents per mil­
lion, and vice versa. This option is.also important to 
correctly import data tables as ASCll files. Depending on 
whether the data are prepared as ppm or epm, you need, 
prior to importing ASCII files, select the compatible 
mode of input. So, if your data have been prepared as 
ppm, you may use the default wlúch is ppm. However, 
if the 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 ASen Input. 

The Load Map option is a general option for selecting 
wells to make a Working Set of wells. 
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20.8.1. Select Working The sequence is normally: 

20-16 

SetfromMap 

20.9. To Setup a 
Printer 

l. Click on Data to open the menu. 

2. Click on Select Working Set ?Tid Unselect all 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 
an area (remember, in clockwise direction you are se­
lecting within the area; in the counterclockwise direc­
tion outside the area!) you shquld close the area (Erui 
fuint) followed by End Digitizing button. The wells 
(samples) will be listed in the left-side identification 
window. 

Selection of printers and attributes related to printing is 
normally a Windows operation. You may set up your 
printer parameters from Wmdows, prior to running the 
GWW program. Todo this: 

l. From Main Group select Control Panel. 

' 2. Select Printers. 

3. Select one of installed printers as a default printer, or 
add sorne more printers to match your hardware. 

4. Select Setup and mod.ify whatever you want to mod-
ify. 

5. Click on Setas default. 

6. Close Printers and Control Panel. 



20.1 O. Interpolation 

20-17 
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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 medium, the quality of print, 
number of copies, colors for a color printer, and many 
more. You canriot change the default printer! 

The dialogue box for selecting printer parameters is 
shown in Figure 20-15 for Hewlett Packard Laserjet 
4/ 4M printer. 

PaperSI¡,e: 

Paper j¡oun:e: ::IAuto=S=•=I•d;::_ ___ _.[l,. 
'oples: ~ 

~ ®Portto~ 
O Landscape 

Printer Rcsolution Ca11ridgcsiSIMMa 

0 §DO dpl ® aoo dpi Z: Microsoft 1 A 
HP: Bar Codea & More 

Printcr Memory HP: Fonns. Etc. 
HP: Global Tc:xl 

fage Protcction: ¡ .. 11!1 
Memory (WB): 1• m 1 O Tl]lcType Scrccn Fonts lnstallcd 

Figure 20-15 

Same as in the Hydrographs application, you may crea te 
a random data file to be used to create a grid file anda 
contour map, for any chemical constituent at any time 
within the current Working Time Interval. You will select 
Interpolation on the menu bar. The display is as shown 
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in Figure 20-16. Select lnterpolate. The dialogue box as 
shown in Figure 20-17 opens prompting you for the year, 
month, and day for which you wish GWW to interpola te 

HourO MinO 

Figure Í0-16 . Figure 20-17 

the data. Next you will be prompted to select one of 
available constituents, as shown in Figure 20-18, of 
which you wish to ere­
ate a random file. (Re­
member that you need 
to have X and Y coordi­
nates for all wells 1 sam-
ples in the data base. 
The random file con-
sists of the following ldfi 
columns: X, Y, concen-
tration at a certain date, Figure 20-18 
well identification.) ' 

You may also selecta "connection span", which is the 
maximum number of days that you allow to elapse if the 
two successive values are to be connected. 



20-19 

CHAYfER20 CONCENTRATION-TIME SERIES 

·' ~DE 

·: 

. In the following example yóu will crea te data structure, 
use the default entry form supplied by GWW, and enter 

· data with the following time-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 . 

1984/08/01 200.0 340.0 4500.0 4988.0 

1984/10/01 250.0 410.0 5000.0 5800.0 

1984/10/15 200.0 386.0 4500.0 5300.0 

l. To start with, from the GWW Main menu yo u will click 
on Tools, followed by Data Structure Design. 

2.Wait until the new menu bar is displayed. Select File, 
then Old. Locate the interna! file titled 
Chem_Conc_Time_Tab. 

3.Notice that there is only one entry, Date. 

4.Select New. Type Na. Use TAB to move to the next 
field. Accept the default width of the 'field as 10 char­
acters. Move down the dialogue box and check Nu­
meric (do not check on Numeric dimensioned since 
concentration of a chemical is a nondimensioned 
number!). Click on OK. In the next dialogue box se-
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lect OK accepting all defaults (2 decimal digits, fixed 
point arithmetics). Notice that Na is displayed in the ~ 
list of constituents. 

S.Repeat the same for Cl. 

6.Repeat the same for TDS 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. 

Cl 
Na 
TOS 
Cond:u.ceivicy 

lí!!íf$jl 

=--10 Nu.m.CUndl lr:~..x.ci 2 
10 Nu.m.CUnci) F1x.d 2 
10 Nu.m.CUndl Floae 1 
10 Nu.m.CUad) Float 1 

!@#éijj 

Figure 20-19 

7.Close the dialogue box by selecting OK, select File and 
Exit. The new data structure for the time-concentra­
tion portian of the data base is created. 

S.Click on Applications on the GWW Main menu, then 
on Chemistry, and then on Concentration - Trme. 

9.GWW will display an entry form which will have only 
one field, Well Identification. The cursor will be in 
this field. 

lO.Type the well number, say MW-1. Now finish the in­
put by"pressing Page Down key once to complete the 
entry, and second time to highlight this well and 

make it active. Alternatively select this well using the 
mouse. 

ll.Select Tables and click on Edit table. The display will. 
be as shown in Figure 20-20. There will be five col-
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Constituents 

Figure 20-20, 

umns (Time, Na, Cl, TOS, and Conductivity), each 
with an empty field. GWW automatically create an 
entry field for hour and minutes, which you may ig-. 
nore. 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. 

Figure 20-21 

12.When 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 message Invalid Date/Trme 

order!, and will place the .. ••••••··~ cursor in the line that is"' 
out of the time sequence. 

13.Now you will create your 
own log design. Select 
Log Design on the ma:_¡u 
bar. Select N ew Log De-
sign. The screen will dis-

play four constituents as 
"selected fields", as 

Aelds Selectcd 

~CLI ======~~e~------, 
Na Na 
TDS TDS 
Conductivtty Conductlvity 

shown in Figure 20-22.c_ ________ __¡ 

Since you will accept the 
Figure 20-22 

,. 

-..l 
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defaults, click on OK to close this dialogue box. 

14.Now you may see immediately the graph. Click on 
Display. The default parameters are used to display 
this graph. The display is as shown in Figure 20-23. 

... - V 
r-- -- ' 

~ 
.... 

, .... 
~ 

¡¡ ·- ./ . . ll 

- -............. .... / "-. ·-8 -~ / . !) 

: / ~ V -.... . ., 
• .... 

/ 
j z ... 

. ~ :; ~ 

r.:: V ~ l...--~ \ .,. ... ... 
" ... /_ 

~ 
¡¡ 

'1 1111111111 1"" 1 ' 
MW-1 

,. w w •• w ,. "' - .... ...... - .... . ... 
Figure 20-23 

Click on the button Close to remove this graph. 

lS.Modify the graph design. Select Log Design, then 
Edit Log Design. Click on 1DS on the right side of 
the dialogue box. The constituent TDS will be high-
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lighted. Now click on the button Attributes. In the 
new dialogue box in boxes for Mínimum and Maxi­
mum type 1000 and 5000, respectively. Click also on 
Fill color and select a color. Now replace the word 
TDS in Column Heading box with TDS in ppm. Click 
on OK to clase the Attributes dialogue, and again on 
OK to clase the Log Design dialogue. 

16.Select Display again. The screen looks as shown in 

-·-·-

.., 
100 ... ... 

Figure 20-24 

Figure 20-24. Save this log design. Clase the display. 
Select Log Design, followed by Save Log DesignAs. 
Type a name for this design. 



20-24 

CHAPTER20 CONCENTRATION-TIME SERIES 

17.The task now is to have muy TDS displayed and/or 
printed. Select Log Design, then Edit Log Design. 
Highlight Na and click on Del. Repeat the same with 
Cl and Conductivity. Only TDS remains in the "se­
lected" list. Highlight TDS and click on Attributes. 
Notice that the width of the graph field is still25 mm. 
Oose this dialogue, close the log design editing dia­
logue, and display the graph by selecting Display. 

Figure 20-25 

Notice that the TDS graph fills the whole screen. The 
display is shown in Figure 20-25. To check the width 
which is automatically selected because you left the 
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Auto Size box checked, close this display, and select 
Edit Log Design again. Highlight TDS, select Athib­
utes, and notice the new size, something like 144 
mm. 

MW-1 

Figure 20-26 

Figure 20-26 shows the zoomed time axis. This is the 
lower part of the drawing. 

18.Exit the application, and exit GWW. 

This ends this example. · 
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APPENDIX A ... GWW FILES 

LIST OF FILES 
MAKING THE GWW 

. FILE SYSTEM 

The following files should be located in the \GWW 
directory after the installation. 

(a) Executable Files (only GWW.EXE is directly 
executable; all other 'exe' files are called from 
GWW.EXE): 

• GWW.EXE 

• MASFILE.EXE 

• FORMED.EXE 

• EDFC.EXE 

• UNITS.EXE . 

• OfEM.EXE 

• CHEMT.EXE 

• OfEMW.EXE 

• HG.EXE 

• UIH.EXE 

• XSECf.EXE 

• MAP.EXE 

• PUMP.EXE 

• :MISC.EXE -

• GSC.EXE 

• SDDT.EXE 

• UFILE.EXE 

• XSMD.EXE 



A-2 

(b) Help Files: 

• PUMP.HLP 

• XSECI'.HLP 

• HYDRO.HLP 

• FORMED.HLP 

• GWW.HLP 

• GSC.HLP 

• SDDT.HLP 

• EDFC.HLP 

• CHEM.HLP 

• CHEMT.HLP 

• CHEMW.HLP 

• UNIT.HLP 

• MAP.HLP 

• MASTERHLP 

• UTH.HLP 

• UFILE.HLP 

• XSMOD.HLP 

• MISC.HLP 

(e) Various Auxilliary Files: 

• . PPMTOEPM.TBL 

• SCREEN. DLT 

• UTH.DLT 

• ANNULUS.DLT 

(d) GWW Data Base Template: 

• GWW.OOO 

USTOFFILES 
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Wellldent 

MW-6 

STIFF Diagram ~ 
~~ Na==me ============::::::;:;::~ T==ype ~~ 

Milliequivalents per liter 
S 4 3 2 1 O 1 2 3 4 S. 

C1 

Cations 

Ca Mg Na K Fe 

Milliequivalents per liter 0.7999 1.3301 0.6499 0.00997 

Milligrams per liter 16.03 16.17 14.94 0.39 

Anions 

HC03 C03 S04 Cl N03 

Milliequivalents per liter 2.61994 0.03997 0.08012 

Milligrams per liter 159.85 1.92 2.84 

BOD COD Diss. Oxygen F B Si02 

TOS Hardness Alkalinity Conductivity pH SAR 
213.00 250.00 6.90 0.6297 

1 WaterType Magnesium Bicarbonate 1 Cations (epm) Anions (epm) 
2.79 2.74 

Error Balance (% 
Aquifer 0.90 



L¡-_______________ P_i~pe_r_D_i~ag~r_run ______________ ~~ 
Plper Dlagram 

o 
100 80 60 40 

Ca 

CATIONS 

1 MW-1 
2 MW-2 
3 MW-3 
4 MW-4 
5 MW-5 
6 MW-6 

20 

100 

80 80 

o o 20 40 60 

CI 

ANIONS 

80 
o 

100 



Wilcox Diagram • 
L---------------------------------~ 

Wllcox Diagram 

Sodium 
(alkali) 
Hazard 

Very 
· High 

S4 

High 
S3 

Medium 
S2 

Low 
S1 

. ¡' 

1 MW-1 
2 MW-2 
3 MW-3 
4 MW-4 
5 MW-5 
6 MW-6 

100 

30 

28 

26 

18 
~ 

<t: 16 
<Z> 

8 

6 

500 1000 5000 

30 

20 

10 

o 
Conductivity (micromhoslcm at 25 °C) 

C1 C2 C3 C4 

Low Medium High Very High 

Salinity Hazard 



Schoeller Diagram ~ 
schoeller Dlagram 

5 IDO 60 300 5 
90 100 200 

MW-1 
4 80 50 90 4 

70 40 80 200 MW-2 ------
3 60 70 

100 3 
1 60 90 

, MW-3 
50 ,30 ' --------··· 

1 80 1 
50 100 

. MW-4 2 40 70 ' 2 . 
90 1 -------1 40 60 80 

11 
100 MW-5 

30 .' .t. 
, .. __ 

70 90 ·--------
¡_.·%.~ ' --. 50 J·l 80 .. ' ·- 30 60 MW-6 

... · :1'/ "~ 1 ' 40 ·JI 70 ------
,1 ;:..- \ ' &1 1 ~o;t 50 60 1 

0.9 •(i .,, 
20 30 !¡ 1 0.9 

0.8 10 \\' r., 1 50 0.8 
0.7 

9 .. ·, .. 1 
0.7 

8 \ \' 1' Ji¡ 1 40 1'· .. , 
0.6 7 ' \ '1' 0.6 ' . ,, 

¡; 1 
0.5 !O 6 

1 1 1'· 30 0.5 . 
\v~~ ·:¡ 1 

9 
20 !:¡ 1 0.4 8 5 0.4 . ~-" ! !1 1 7 1 811 \'. 4 7' 1 (· 1 =í 1 20 

0.3 6 1 '. \ 1' 10 i :¡. 1 0.3 

5 3 1 
6 1\ ¡. 9 • úÍ 1 .. \: 8 1 ... 1 

• 5 1 1 . 111 .?¡ 1 0.2 4 ' 1 t 7 0.2 1 .t 9i ~. 
4 • 11 6 "' 1 

2 1 '. ll ni' 10 
3 1 ·t 5 1 '1 1 

9 
3 • 1¡ 61· 1 8 

' '. 1.\ 4 ¡. 1 7 
0.1 

1 1 \ 5'! 1 0.1 2 ' 1 ¡, 1 6 
0.09 2 1 1 3 / 11 1 0.09 
0.08 1 

1 / r, 5 0.08 
0.07 0.9 1 ' 1 ! 1 . / 0.07 

0.8 1 '. PÍ 1 4 
0.06 1 )(, 0.06 0.7 \ ~· . 

' 1 : 1 
0.05 1 0.6 1 

. \ 
'· '1 1 3 0.05 

1 1 0.9 1 \ ' t 1 0.04 0.8 0.5 0.9 1 1 1 0.04 
0.7 

0.4 0.8 1 1 1 2 
0.03 0.6 0.7 1 1 0.03 

1 1\ ' 1 
0.5 0.3 0.6 0.9 1 1 

0.5 1 0.8 ' 1 
0.02 0.4 o.7c-··-· 1 1 0.02 

0.91 
0.2 0.4 0.6\ 0.81 1 

0.3 1 0.7¡ 0.9 
0.3 

0.5 1 
0.8 1 O.li 

0.4 1 
0,¿ 

0.7 
0.01 1 0.01 

EPM Ca Mg Na CI 804 HC03 EPM 
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Wellldent 

Depth 
[feet] 

150 

1 Name 

150 

Point Elev. 
86.00 

Level 
[feet] 

1 



Wellldent 

MW-1 

Easting (ft) 
150 

MW-1 

480 

460 

440 

420 

400 

380 

360 

340 

320 

300 

280 

260 

240 

220 

200 

ISO 

160 

140 

120 

100 

80 

60 

40 

Chemistry Concentration 1 Time 1 

I
Name 

. Monitoring well in Corozo Pando 

Northing (ft) Gr. Sur!. Elev. (ft amsl) 
150 85.00 

1994 
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'¡ 

' .. 
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Well Ident 

MW-1 
Easting (ft) 

150 

1 AqUifer 

Deptb [feet) 
',: 1~ o 

2 l. 

1.4 

. l. 

1.8 

2.0 

2.2 

2. 

2. 

2. 

3. 

3. 

6 

4 

6 

8 

o 
2 

1:.. 
-......., 

1 

IName 

Northing (ft) 
150 

""'-.;: 

\ 
\ 

1\ 

' 
2 3 4 

Hydrograph 1 

Monitoring well in Corozo Pando 

Ground Surf. Elev. (ft amsl) Meas.Pt.Eiev. (ft amsl) 
85.00 86.00 

MW-1 Leve! [feet) 

l.r-
( 

"""' 1 ' 1 ~ 
IJ "--t. 

84.8 

84.6 

84.4 

84.2 

84.0 

1 
1 

1 
rT 

83.8 

83.6 

83.4 

83.2 

1 
"-/. 

83.0 
·:..~; 

·'' ·'· 
5 6 7 8 9 10 11 12 

82.8 

1994 



Cross Section A-A' 150 feet 
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10 Bar diagrams indicate TDS in ppm. 10 

0 The range is from O to 450 ppm. 
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Ground Water for Windows (GWW) ... Example 

TASK 

L Create a ground water data base with 6 wells .. Each well has data on location, drilling 
(lithology and construction), chemistry (tiine series and depth-related); each well was 
pwnp tested;' each well has cine-year water leve! record. · 

2. Create contour maps for the following pa!ameters: 
·.;· 

Ground Surface Elevation 
Total Dissolved Solids in ppm (TDS) 

_-, 

Contact boundary between Quatemary clay and sand (overburden) and underlying 
bedrock (limestone and dolomite). 
Piezometric surface on 12 June 1994. 
Transmissivity from pwnping tests. 

3. Create.lithostratigraphic cross section connecting wells MW-1 and MW-2, with/without 
well construction details and with TDS as a function of depth. 

4. Interpret pwnping tests using the Theis and Hantush methods. 

5. Create a fence diagram with all 6 wells. Connect various lithologic units and fill in with 
colored pattem: 

INPUT DATA 

Master Data 

<Well Ident> 
MW-1 
MW-2 
MW-3 
MW-4 
MW-5 
MW-6 

<X> 
150 
800 

1800 
300 

1000 
1900 

<Y> <Z> <ZM> 
150 85.00 86.00 
250 92.00 93.00 
200 87.00 88.00 
750 110.00 111.00 
650 120.00 121.00 
900 145.00 146.00 

HINT. You have two ways to input generalllocation data into GWW. The frrst way is to create 
an ASCII flie such as above and import as Standard ASCll Input into Master application. The 
second way is to type the data directly into the GWW-created data base. 
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1 
1 

! 
! 

Chemical Data CSamples) / 

<Well Ident> <Ca> <Mg> <Na> <K> <HC03> <S04> <Cl> <TDS> <Conductivity> <pH> 
MW-1 1323 20.30 19.77 L17 131.79 0.05 425 218.00 270.00 8.30 
MW-2 12.83 21.88 23.91 2.35 206.83 0.05 2.84 272.00 320.00 7.00 
MW-3 17.64 20.67 29.89 0.39 223.92 1.92 2.84 299.00 350.00 7.10 
MW-4 15.23 17.63 12.87 0.78 162.90 4.80 1.77 218.00 280.00 7.30 
MW-5 12.02 36.47 4.60 o.59 2n95 o.96 o.n 229.00 210.00 7.50 
MW-6 16.03 16.17 14.94 0.39 159.85 1.92 2.84 213.00 250.00 6.90 

HINT. Same as for Master Data, you may~iÍlput dáta either by creating rrrst an ASCIT me as 
the one above, or by typing the data directly into' the GWW-created data base. 

Chemical Data CDepth-related) 

MW-1 MW-2 MW-3 MW-4 MW-5 MW-6 
<Depth> <TDS> <Depth> <TDS> <Depth> <TDS> <Depth> <TDS> <Depth> <TDS> <Depth> <TDS> 
~ ~ w m 22 ~ 25 m 25 m w m 
20 305 25 320 30 330 30 320 30 400 25 300 
25 310 30 400 35 400 35 380 35 380 30 300 
30 350 35 320 40 420 40 420 40 320 35 350 
35 450 40 280 45 380 45 400 45 380 40 400 
40 ~ ~ ~ ~ m ~ 3W ~ ~ ~ ~ 

Chemical Data <Time Series) 

MW-1 
<yyyy/mm/dd> <TDS> 
1994/02/15 250 
1994/03112 320 
1994/03/28 330 
1994/04/16 380 
1994/05/22 420 
1994/06118 390 
1994/07/21 350 
1994/08/29 420 
1994/09/17 380 
1994110115 320 
1994/11107 300 
1994/12/12 280 

50 320 

2 



3 

Lithologic Data 

The data are contained in an Asen file as shown below. If you decide to create a similar ASCII 
file you must follow the convention that each well must start with the word WELL: (terminated 
with colon), the lithology with the word LITH:, and the rest with words SCREEN:, HOLE:, 
ANNULUS:, and CASING:. Lithologic codes (CLA Y, SANO, LIM:E, and DOLO) must be typed 
upper case, as four letter words; the same applies to the annular space· materials (CEMENT, 
PACK, OPEN). 

WELL: MW-1 
LITH: 

15.000 CLAY 
30.00 SAND 
52.00 LIME 
67.00 DOLO 

HOLE: 
20.00 12.00 
67.00 8.00 

CASING: 
20.00 8.25 
35.00 4.00 

SCREEN: 
15.00 30.00 

ANNULUS: 
20.00 CEMENT 
35.00 PACK 
67.00 OPEN 

WELL: MW-2 
LITH: 

12.00 CLAY 
28.00 SAND 
55.00 LIME 
72.00 DOLO 

HOLE: 
20.00 12.00 
72.00 8.00 

CASING: 
19.00 8.00 
30.00 4.00 

SCREEN: 
15.00 28.00 

ANNULUS: 
20.00 CEMENT 
32.00 PACK 

-
' 



72.00 OPEN 
WELL: MW-3 
LITH: 

22.00 CLAY 
35.00 SAND 
55.00 LIME 
70.00 DOLO 

HOLE: 
20.00 
40.00 
70.00 

CASING: 
20.00 
38.00 

S CREEN: 
23.00 

ANNULUS: 

12.00 
8.00 
4.00 

8.00 
5.00 

38.00 

20.00 CEMENT 
38.00 PACK 
70.00 OPEN 

WELL: MW-4 
LITH: 

20.00 CLAY 
35.00 SAND 
60.00 LIME 
80.00 DOLO 

HOLE: 
20.00 
38.00 
80.00 

CASING: 
20.00 
35.00 

SCREEN: 
22.00 

ANNULUS: 

14.00 
12.00 
4.00 

13.00 
8.00 

35.00 

20.00 CEMENT 
35.00 PACK 
80.00 OPEN 

WELL: MW-5 
LITH: 

22.00 CLAY 
40.00 SAND 
65.00 LIME 

4 

• 



120.00 DOLO 
HOLE: 

22.00 14.00 
120.00 8.00 

CASING: 
22.00 12.00 
42.00 4.00 

SCREEN: 
25.00 41.00 

ANNULUS: 
22000 CEMENT 
42.00 PACK 

120.00 OPEN 
WELL: MW-6 
LITH: 

30.00 CLAY 
60.00 SAND 
75.00 LIME 

150.00 DOLO 
HOLE: 

30.00 14.00· 
150.00 6.00 

CASING: 
29.00 12.00 
60.00 6.00 

S CREEN: 
32.00 60.00 

ANNULUS: 
30.00 CEMENT 
60.00 PACK 

150.00 OPEN 

Pumping Test Data 

MW-1 (constan! rate test: drawdown and recovery 1umped together) 
0.00 0.9510 300.0000 

10.00 0.9510 300.0000 
20.00 1.7060 300.0000 
30.00 2.6900 300.0000 
40.00 3.4110 300.0000 
50.00 3.9360 300.0000 
60.00 4.2970 300.0000 
90.00 5.0510 300.0000 

120.00 5.4780 300.0000 

5 
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180.00 5.9700 300.0000 
240.00 6.2650 300.0000 
300.00 6.5600 300.0000 
360.00 6.7240 300.0000 
420.00 6.8550 300.0000 
540.00 7.0850 300.0000 
660.00 7.2820 300.0000 
870.00 7.4130 300.0000 

1110.00 7.6750 300.0000 
1410.00 7.8390 300.0000 
1770.00 8.0690 300.0000 
2070.00 8.1670 300.0000 
2490.00 8.2330 300.0000 
3330.00 8.3640 300.0000 
4320.00 8.5280 0.0000 
4330.00 8.5280 0.0000 
4340.00 7.7410 0.0000 
4350.00 6.7900 0.0000 
4360.00 6.0680 0.0000 
4370.00 5.5430 0.0000 
4380.00 5.1500 0.0000 
4390.00 4.8870 0.0000 
4400.00 4.6580 0.0000 
4410.00 4.4610 0.0000 
4420.00 4.2970 0.0000 
4430.00 4.1660 0.0000 
4440.00 4.0340 0.0000 
4470.00 3.7720 0.0000 
4500.00 3.5750 0.0000 
4530.00 3.3780 0.0000 
4590.00 3.1160 0.0000 
4650.00 2.9520 0.0000 
4710.00 2.7880 0.0000 
4770.00 2.6570 0.0000 
4830.00 2.5580 0.0000 
4890.00 2.4930 0.0000 
4950.00 2.4270 0.0000 
5010.00 2.3620 0.0000 
5070.00 2.2630 0.0000 
5130.00 2.2300 0.0000 
5190.00 2.1650 0.0000 
5430.00 2.0010 0.0000 
5730.00 1.9350 0.0000 
5970.00 1.8370 0.0000 



6390.00 
6870.00 

1.6730 
1.5740 

0.0000 
0.0000 

7 

HINT. You do not need to repeat input of the pumping rate. It is sufficient to type 300 (gpm) 
on the frrst line, and skip the rest until the time when the pump is switched off. Type O for the 
pumping rate at 4320 minutes when the recovery of levels starts. 

MW-4 (recovery test data) 
0.00 0.0000 150.0000 

240.00 3.2800 0.0000 
241.00 2.9190 0.0000 
242.00 2.6570 0.0000 
243.00 2.4930 0.0000 
245.00 2.2300 0.0000 
247.00 2.0990 0.0000 
250.00 1.8370 0.0000 
255.00 1.6070 0.0000 
260.00 1.4760 0.0000 
270.00 1.2460 0.0000 
280.00 1.1150 0.0000 
300.00 0.9180 0.0000 
320.00 0.7870 0.0000 
340.00 0.6890 0.0000 
380.00 0.5580 . 0.0000 
420.00 0.4590 0.0000 

MW-5 (constant 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 1.1150 200.0000 
3.00 1.2140 200.0000 
4.00 1.3450 200.0000 
5.00 1.4760 200.0000 
6.00 1.5740 200.0000 
8.00 1.7380 200.0000 

10.00 1.8700 200.0000 
12.00 1.9680 200.0000 
14.00 2.0660 200.0000 
18.00 2.1980 200.0000 
24.00 2.3620 200.0000 
30.00 2.4930 200.0000 
40.00 2.6570 200.0000 



50.00 
60.00 
80.00 

100.00 
120.00 
150.00 
180.00 
210.00 
240.00 

2.7880 
2.9520 
3.0500 
3.1490 
3.2800 
3.4110 
3.5100 
3.6080 
3.6740 

200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 

Y o u do not need to type the pumping rate 200 gpm more than once on the first line. 

MW-6 (constant-rate test - drawdown portion) 
0.02 
0.03 
0.05 
0.07 
0.08 
0.10 
0.12 
0.13 
0.15 
o.i7 
0.18 
0.20 
0.22 
0.23 
0.25 
0.27 
0.28 
0.30 

. 0.32 
0.33 
0.37 
0.40 
0.43 
0.47 
0.50 
0.53 
0.57 
0.60 
0.63 
0.67 
0.70 

0.1740 
0.4720 
0.8330 
1.2890 
1.5480 
1.8890 
2.2070 
2.5390 
2.8630 
3.1680 
3.4830 
3.7690 
4.0480 
4.3100 
4.6050 
4.8350 
5.0810 
5.3040 
5.5230 
5.7370 
6.1470 
6.5010 
6.8260 
7.1140 
7.3770 
7.6230 
7.8390 
8.0330 
8.2260 
8.3770 
8.5250 

300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 
300.0000 

8 
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0.73 8.6630 300.0000 
0.77 8.7870 300.0000 
0.80 8.9250 300.0000 
0.83 9.0460 300.0000 
0.87 9.1610 300.0000 
0.90 9.2630 300.0000 
0.93 9.3610 300.0000 
0.97 9.8200 300.0000 
1.00 9.5320 300.0000 
1.08 9.7120 300.0000 
1.17 9.8790 300.0000 
1.25 10.0330 300.0000 
1.33 10.1550 300.0000 
1.42 10.2630 300.0000 
1.50 10.3650 300.0000 
1.58 10.4760 300.0000 
1.67 10.6930 300.0000 
1.83 10.7350 300.0000 
2.00 10.8700 300.0000 
2.17 11.0080 300.0000 
2.33 11.1450 300.0000 
2.50 11.2500 300.0000 
2.67 11.3320 300.0000 
2.83 11.4540 300.0000 
3.00 11.5750 300.0000 
3.17 11.6870 300.0000 
3.33 11.7520 300.0000 
3.67 11.9130 300.0000 
4.00 12.0010 300.0000 
4.33 12.2110 300.0000 
4.67 12.5100 300.0000 
5.00 12.6770 300.0000 
5.50 12.8610 300.0000 
6.00 12.9030 300.0000 
6.50 13.1000 300.0000 
7.00 13.1460 300.0000 
7.50 13.1630 300.0000 
8.00 13.2550 300.0000 
8.50 13.3100 300.0000 
9.00 13.3890 300.0000 
9.50 13.4610 300.0000 

10.00 13.4940 300.0000 
11.00 13.6910 300.0000 
12.00 13.8220 300.0000 



13.00 14.0520 300.0000 
14.00 14.1830 300.0000 
15.00 14.3140 300.0000 
16.00 14.3990 300.0000 
17.00 14.5170 300.0000 
18.00 14.5370 300.0000 
19.00 14.5600 300.0000 
20.00 14.4780 300.0000 
22.00 14.6750 300.0000 
24.00 14.8550 300.0000 
26.00 15.0160 300.0000 
28.00 15.1170 300.0000 
30.00 15.1340 300.0000 
32.00 15.2030 300.0000 
34.00 15.2490 300.0000 
36.00 15.3410 300.0000 
38.00 15.4950 300.0000 
40.00 15.6260 300.0000 
44.00 15.6520 300.0000 
48.00 15.6880 300.0000 
52.00 16.1510 300.0000 
64.00 16.3570 300.0000 
68.00 16.3930 300.0000 
72.00 16.3050 300.0000 

Water Leve! Data 

MW-1 

150 150 85.00 86.00 
<yy/mm/dd> <Level> 
94/01105 84.25 
94!02/(2 84 
94/03/11 83.8 
94/04/15 83.1 
94/05/22 82.9 
94/06/12 83.6 
94/07/05 84.1 
94/07/22 84.7 
94/08112 84.9 
94/09/11 84.8 
94110109 84.5 
94/ll/12 84.3 

10 

: Line 1, contains well name 
: Line 2, intended for 1ocation, blank here 
: Line 3, intended for aquifer, blank here 
: Line 4, X, Y, Z, ZM, respectively 
: Line 5, tells GWW the format for date 
: Line 6 ti11 end, water leve! data entry 



94/12/22 84.1 
* 
MW-2 

800 250 92.00 93.00 
<yylmrnldd> <Leve!> 
94/01105 91.25 
94/02/12 91 
94/03111 90.8 
94/04/15 90.1 
94/05/22 89.9 
94/06/12 90.6 
94/07/05 91.1 
94/07/22 91.7 
94/08/12 91.9 
94/09/11 91.8 
94110/09 91.5 
94111112 91.3 
94112/22 91.1 

* 
MW-3 

1800 200 87.00 88.00 
<yylmrnldd> <Leve!> 
94/01/05 86.25 
94/02/12 86 
94/03/11 85.8 
94/04/15 85.1 
94/05/22 84.9 
94/06/12 85.6 
94/07/05 86.1 
94/07/22 86.7 
94/08/12 86.9 
94/09/11 86.8 
94/10/09 86.5 
94111112 86.3 
94112/22 86.1 

* 
MW-4 

300 750 110.00 111.00 

11 



<yy/mm/dd> <Leve1> 
94/01105 108.25 
94/02112 108 
94/03/11 107.8 
94/04/15 107.1 
94/05/22 106.9 
94/06/12 106.6 
94/07/05 108.1 
94/07122 108.7 
94/08/12 108.9 
94/09/11 108.8 
94/10/09 108.5 
94/11112 108.3 
94/12/22 108.1 

* 
MW-5 

1000 650 120.00 121.00 
<yy/mm/dd> <Leve1> 
94/01105 109.25 
94/02112 109 
94/03111 108.8 
94/04115 108.1 
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 
94/10/09 109.5 
94/11112 109.3 
94/12/22 109.1 

* 
MW-6 

1900 900 145.00 146.00 
<yy/mmldd> <Leve!> 
94/01/05 143.25 
94/02112 143 
94/03/11 142.8 
94/04/15 142.1 
94/05/22 141.9 

12 



94/06/12 142.6 
94/07/05 143.1 
94/07/22 14 3.4 
94/08/12 143.4 
94/09/11 143.3 
94/10/09 143.3 
94/11112 143.1 
94/12/22 142.8 
* 

. ( 

Elevation of various lithologic units 
C1ay-Sand Sand-Limestone Limestone-Do1omite 

MW-1 70.0 55.0 · 33.0 
MW-2 80.0 64.0 37.0 
MW-3 55.0 52.0 32.0 
MW-4 90.0 75.0 50.0 
MW-5 98.0 80.0 55.0 
MW-6 115.0 85.0 · 70.0 

13 

Hint. Type these numbers into entry form for Well Logs. The frrst column of numbers refers 
to the elevation of the contact between clay and sand layers (in feet above mean sea leve!), 
the second to the contact between sand and limestone, and the third to the contact between 
limestone and dolomite. 

OUTPUTS 

Sorne of outputs (printouts, reports) are appended to this exercise. 
l. Well construction and lithologic log for well MW -l. 
2. Same for well MW-6. 
3. Pumping test interpretation for well MW-4 (recovery method). 
4. Pumping test interpretation for well MW-1 (drawdown and recovery). 
5. Pumping test iterpretation for well MW-2. 
6. Time series for TDS in well MW-1. 
7. TDS versus depth in well MW-1. 
8. TDS contour map. 
9. Piper diagram with 6 samples. 
10. Wilcox diagram. 
11. Schoeller diagram. 
12. STIFF diagram for well MW-1. 
13. Piezometric contour map on 12 June 1994. 
14. Elevation contours of limestone-dolomite bedrock 
15. Lithologic cross section MW-1 - MW-2. 
16. Fence diagram. · 
17. A Hydrograph. 



Well ldent 

MW-2 

1 Dril!. Method 

lx 800 

Depth H 1 [feet] 0 e Annulus 

5 

Conductor 
10 12 Pipe 

Cementedin 

15 

20 
Gravel 
Pack 

25 
Well 
thoroughly 
develo~ 
for 24 ours 

30 
by¡ump!"g 
an surgmg 

35 

40 

45 
8 

50 
Openhole 

55 

60 

65 

. 70 

W ell Log: Lithology & Construction 

N ame 

1 Drill. Dates 

250 lz 92.00 1 Meas. Pt. Elev. 

Uthology 

CLAY 

8 

SAND 

4 

LIMESTONE 

DOLOMITE 

93.00 

40.0 

Elev. 
[teet] 

90 

85 

80 

75 

65 

60 

55 

50 

45 

40 

35 

30 

-' 

1 
1 

1 

1 

1 
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APPENDIXB 

DATA BASE 
STRUCTURE 
FILES 

These are internal files, contained within the data base 
templa te, GWW.OOO. You Iriay retrive the files by follow­
ing the steps: 

.. 

-.~ . 

l. Select Tools:r · 

2. Select Data Structure Design. 

3. Select File. 

4. Select Old. 

5. Select any name or application from the list. 

6. Close the dialogue box by clicking on OK. 

7. Select Write Structure to STD ASOI 

8. Type an ASOI filename under which this file will be 
saved. 

MASTER DATA STRUCfURE 

DATAENTRY No. of Characters Dau -r.- Fcmnat No. of Decimal DIRI15 Unit 

Well Jdent 10 WeU 
T'\ 50 a... 
District 20 a... 
Localitv 20 a... 
Owner 20 a... 
X 10 . N Fixed 2 m 
y 10 N Fixed 2 m 
z 10 N Fixed 2 m 
ZM 10 Num(Dim) Fixed 2 m 
Mop Sheet No. 10 a... 
Year 10 a... 

t 



DATAENTRY 
Well ldent 
Ca 

M2 
Na 
J( 

Fe 
Mn 
HC03 
C03 
504 
a 
N03 
N02 

1'04 
F 
B 
Si02 
1DS 
Hardness 
Alkalinitv 
Conductivitv 

!>H 
Cations 
Anions 
SAR 
BaiErr 

DATAENTRY 

Cal>l>m 
M21>!>m 
Nap¡>JII 

l<l>l>m 

l'e!>1mt 
Mnppm 
HC03wm 

C03wm 

504= 
IC!mnn 
N03ppm 
P04pp_m 

l!!tmm 
s· 

DATABASESTRUCTURE~ES 

CHEMICAL DATA STRUCI1JRE 

No. of Characters Data"IVPe Format No. ofDedmal Dilrlts 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
8 
8 
8 
8 

No. of Characters 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

wen 
Num(Und) Fixed 2 
Num(Undl_ Fixed 2 
Num(Undl_ Fixed 2 
Num(UndJ Fixed 2 
NumfUndJ· Fixed 2 
Num(Undl Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Undl Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Undl Fixed 2 
Num(Undl. Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 4 
Num(Und) Fixed 2 

CHEMICAL DATA STRUCTURE 

FOR PARTS PER MILLION ENTRIES 

Data"IVPe Formal No. of Decimal Dio:its 

NumfUnd\ Fixed 2 
Num(Un.<ll. Fixed 2 
Num(Und) Fixed 2 
Num(Uncl) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Un.<ll. Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 
Num(Und) Fixed 2 

B-2 

Unit 

Unit 



DATABASESTRUCTUREALES B-3 

PUMPING TEST DATA STRUCTUR.E 

DATAENTRY 1 No. of Characters Data 1'voe Format No. of Decimal Diltits 1 Unit 

Wellldent 10 Well 

TestDate 10 Date dd.mm.yy 

Distance 10 NumCDiml Fixi.:l 2 m 

Avd'Rate 15 NumCDiml Float 7 m3/day 

Duration 15 ' Num(Dim) Float 7 min 
lnSatTh 15 Num(Dim) Fixed2 . m 

lhmsmissivitv 15 Num(Dim) Float7 m2/day 

Stora .. 15 Num(Und) Float 7 
Leakance 15 Num(Dim) Float 7 1/day 

ConfAqlhickness 10 Num(Dim) Fixed2 m 

b 10 Num(Dim) Fixed2 m 

1 10 Num(Dim) Fixed2 m 
d 10 Num(Dim) Fixed2. m 

11 10 Num(Dim) Fixed2 m 

d1 10 Num(Dim) Fixed2 m 

StandardError 10 Num(Dim) Fixed2 m 
Method 25 Char 

PUMPING TEST ADDmONAL DATA STRUCTUR.E 
"1 

DATAENTRY No. of Characters Data 1'voe Fonnat No. of Decimal Digits Unit 
Tune 10 Char 

Drawdown 10 Char 

PRate 10 Char 

Selection 10 Char 

EstValues 10 Char 

Difieren ce 10 Char 

HYDROGRAPHS DATA STRUCTUR.E 

DATAENTRY No. of Characters Data 1'voe Format No. of Decimal Diltits Unit 
Wellldent 10 Well 
Aquifer 30 Char 



DATA BASE STRUCI'URE FILES B-4 

HYDROGRAPHS ADDmONAL DATA STRUCURE 

DATAENTRY No. of Characters Data 1'vPe 1 Formal No. of Decimal Dilrits 1 Unit 

Date 10 Date mm/dd/vv 

Tune 10 1ime hhmm:ss 

Deoth 10 Num(Dim) Fixed 2 m 

Leve! 10 Num(Dim) Fixed ' 2 m 

WELL LOG ANO LITHOLOGY DATA STRUCTURE 

DATAENTRY No. of Charaeters Data 1'vt>e Formal No. of Decimal Dilrits Unit 

Well ldent 10 Well 

DrilL Dates 25 Char 

SWL 10 Num(Dim) Fixed 2 m 
DWL 10 Num(Dim) Fixed 2 m 

DrilL Method 30 Char 

ConcrBlockDx 10 N ·"" _, Fixed 2 m 
Concr 10 N -"" Fixed 2 m 
ConcrBlockH 10 NumlDiml Fixed 2 m 
AboveGS 10 NumlDiml Fixed 2 m 

VerLScale 10 NumiUndl Fixed 1 
Hor.5cale 10 Num(Und) Fixed 1 

STEP DRAWDOWN TEST DATA STRUCTURE 

DATAENTRY No. ofCharacters Datal'vPe Format No. of Decimal Dilrits Unit 
Well ldent 10 Well 
A u NumiUndl Float 4 
B u NumiUndl 1 Float 4 

,p 10 NumiUndl IFixed 2 

Efficiency. 10 Num(Und) Fixed 2 

GRAIN SIZE CURVE DATA STRUCTURE 

DATAENTRY No. of Characters Format 
Well ldent 10 
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------------------~------------------------APPENDIX C · .• · ENTRY ANO REPORTING FORMS 

PARTONE: 
ENTRYFORMS .. ,.. _ .... '· -· 

MASTER DATA ENTRY FORMS (in English, Portuguese, 
. . and Spanish) . 

Label: 
x.y[mm] 

DADOS PRIHOPAIS 

Labal: 
x.y[mm] 

.dx.dv 

UBCACilN 

DE8CRPCIDN 

PROPET. 

FONDO DELACUFERO 

., 



ENTRY & REPORTING FORMS C2 

CHEMICAL DATA ENTRY FORMS 

-
.......... 

Ht113 

-
•• 

-·-

ORGANICS IN WATER AND SOIL 
W.Dtsant Dopth (11 806) 

Tokoene 

llexamethrMptill~ 1' 

Benzano Tri::hllx::lethene 

Mothyt Ethyt 

PCB-12fiJ Phonol Phen.anttuane 

Fbnanthene Be~tha:::ene 

2,7,10.Tm.tto,t:l 1 



ENTRY & REPORTING FORMS 

PUMPING TEST ENTRY FORMS (in English and 
Portuguese) 

Validatiaa 

C3 

.. 



ENTRY & REPORTING FORMS 

HYDROGRAPHSENTRYFORM 

·:·: .-:· .. ·'.•• ... -..... _.·;:. 
:·:·.·-:·:: .... ·····. 

:-: :.;.::·:·· ;':::/ 

WELL LOG ENTRY FORM 

Well & Construction 

ldentilication 

. DrGL DaH 

. 6WL (m """'' 

Comrnen11:: 

C4 



ENTRY & REPORTING FORMS es 

ADDITIONAL LITHOLOGY ENTRY FORM 

Additional 
WelltJerrt 

ünoetono/Doanlo (In IISL;) 

. ' 

• 
. ... 

STEP-DRAWDOWN TEST ENTRY FORM 

ldentfftcation 



ENTRY & REPORTING FORMS 

PART TWO: REPORTING FORMS AND REPORTS 

Wellldent 
STIFF Diagram 

MW-5 
1 Name 

Milliequivalents per Iiter 
54321012345 

Ca 

Mg so. 

Na+ K CI 

Fe 

Cations 

Ca Mg Na K 

Müliequivalents per liter 0.5998 3.0000 0.2001 0.01509 

Müligrams per liter 12.02 36.47 4.60 0.59 

Anio,zs 

HC03 C03 504 Cl 

Müliequivalents per liter 3.90000 0.01999 0.02003 

Müligrams per liter 237.95 0.96 0.71 

BOD COD Diss. Oxygen F B 

TOS Hardness Alkalinity Conductivity pH 
229.00 270.00 7.50 

IType 

Fe 

0.0645 

1.20 

N03 

0.00807 

0.50 

Si02 

SAR 
0.1491 

Cations (epm) Anions (epm) 

• 

1 WaterType Magnesium Bicarbonate 1 3.88 3.95 

1 Aquifer 

1 

Error Balance (% 
1.75 

C6 
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ENTRY & REPORTING FORMS es 

L_ __________________ s_c_h_o_e_ll_e_r_D_i_a~gr~a_rn __________________ ~~ 
Schoeller Dlagram 

5 

4 

3 

2 

A., 
0.8 
0.7 
0.6 
0.5 

0.4 

0.3 

0.2 

u, 
0.08 
0.07 
0.06 
0.05 

0.04 

0.03 

0.02 

8:8A, 
0.008 
0.007 
0.006 
0.005 

0.004 

0.003 

0.002 

0.001 
EPM 

J80 
80 
70 
60 
50 

40 

JO 
8 
7 
6 
5 

4 

3 

2 

A., 
0.8 
0.7 
0.6 
0.5 

0.4 

0.3 

0.2 

u, 
0.08 
0.07 
0.06 
0.05 

0.04 

0.03 

Ca 

60 
50 

40 

4 

3 

2 

A., 
0.8 
0.7 
0.6 
0.5 

0.4 

0.3 

0.2' 

8:A, 
0.08 
0.07 
0.06 

. 0.05 

0.04 
0.03 

0.02 

Mg 

0.4 

0.3 

0.2 

3;¿, 
0.08 
0.07 
0.06 
0.05 

0.04 

0.03 

Na Cl 

8:A, 
0.08 
0.07 
0.06 
0.05 

0.04 

200 
300 

200 

30 

20 

JO 
8 
7 
6 
5 

4 

3 

2 

A., 
0.8 
0.7 

5 

4 

3 

2 

o.J 
0.8 
0.7 
0.6 
O .S 

0.4 

0.3 

0.2 

o~d' 
0.08 
o.o7 
0.06 
0.05 

0.04 

0.03 

0.02 

0.6 o~8' 
0.5 0.008 

0.007 0•4 0.006 
0.3 0.005 

0.004 
0•2 0.003 

0.002 

u, 
0.08 
0.07 

0.001 
HC03 EPM 

MW-1 

MW-2 

MW-3 

MW-4 

MW-5 

MW-6 



ENfRY & REPORTING FORMS 

L_ _________________ P~ip~e_r_D __ iagr~-ain------------------~· 
Plper Dlagram 

100 

80 . . 80 
. .. . .... 

60 ./>: .. 60 ·. ·.: ·.: · .. · . 
S04+Cl 40 . \:">.< .. \: .. '>·:·.. . 40 Ca+Mg .......... . . . . . . . . . . . . .. .. .. .. .. . ~ .. .. .. .. . 

·.:·.:·.:· . .-· . .-· ... 
Na+K 20 · ... -.:_ /-. _:-:. /· .. :·: ... · ..... : CO +HCO 

~ ... >(:<:~·><>:::.;>:::··:·>::>:::<:·:::-::: .... o/ 3 3 

100 .· .· ... _·.-/:. :-_. ....... ·::~:.<.::.>-:.·::,-.·_..,<·.-... -<'·_>< .. ~ ......... :·:·. ·. 100 
.:··:· 20 : ..................... · .................... ·.. 20 ·:··.: 

8~~ .. :_~:~.:~.<-::-.:.. 40.: :>:~)· .. <_>::.~_;::-::~.)<. · .. 40 .:.\()~:~o 
60- ... ----·-········ . . . . . . . . . ...•...•....•.... -60 so 

Mg . . ... :/.\f:t.i-\/ ... 60 . .. :.:.. _/ ... / ... 60 ... ·:.,.,·:.·:~:.'.\/\/... 4 

• ,.:;:i;~~;:",.t;)~c!i<" :·· / ... y::·;:ri:;;:i:;~;.;: ,. . 
100 ~ ~ 40 w 00 w 40 ~ ~ 100 

1 MW-1 
2 MW-2 
3 MW-3 
4 MW-4 
5 MW-5 
6 MW-6 

Ca Cl 

CATIONS ANIONS 

C9 



ENTRY & REPORTING FORMS ClO 

Wilcox Diagram 1 
~------------------------------~~ 

Wllcox Dlagram 

Sodiurn 
(alkali) 
Hazard 

Very 
High 
S4 

High 
S3 

Mediurn 
S2 

Low 
S1 

1 MW-1 
2 MW-2 
3 MW-3 
4 MW-4 
S MW-5 
6 MW-6 

100 

30 

28 

~ 

< 
en 

500 1000 5000 

30 

20 

10 

Conductivity (micromhos/cm at 25 •e¡ 

Cl C2 C3 C4 

Low Mediurn High Very High 

Salinity Hazard 



., . 
'( .. 

Ca Mg Na K Fe Catlons HC03 S04 CI N03 TDS 

P-103 24.05 18.11 13.79 1.56 3.33 187.92 3.84 5.32 3.31 255.00 300.00 

P-152 12.83 21.88 23.91 2.35. 3.54 206.83 0.05 2.84 3.47 272.00 320.00 

P-153 17.64 20.67 29.89 0.39 3.89 223.92 1.92 2.84 3.79 299.00 350.00 

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 2.82 172.67 0.05 1.42 2.87 222.00 280.00 
1'!1 

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 3.05 164.73 4.80 3.90 2.91 228.00 290.00 ~ 
P-186 17.64 17.87 25.98 1.56 3.52 183.04 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 5.01 390.00 470.00 "tt o 

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 15.86 0.39 2.97 170.84 0.05 3.90 2.91 226.00 260.00 z 
P-580 14.43 17.38 22.99 0.39 3.16 189.75 0.05 5.67 3.27 252.00 290.00 G'l 

"r1 
P-600 23.25 21.76 30.80 0.78 4.31 244.05 0.96 0.35 4.27 330.00 370.00 o 
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 

(/l 

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 

n ..... ..... 



Wellldent 

MW-1 

Easting (m) 
150 

480 

460 

440 

420 
400 

380 
360 
340 
320 

300 
280 

260 

240 

220 

200 

180 

160 

140 

120 
'too 

80 

60 

40 

MW-1 

ENTRY & REPORTING FORMS Cl2 

Chemistry Concentration 1 Time 

I
Name 

. Monitoring well in Corozo Pando 

Northing (m) Gr. Surf. Elev. (m amsl) 
150 85.00 

1994 



Wellldent 

·MW-2 

ENTRY & REPORTING FORMS C14 

Well Log: Lithology & Construction 

¡Name 

1 Drill. Method Rotary with bentonite 1 Dril!. Dates 15 to 22 March 1994 

y 250 Meas. Pt. Elev. 93.00 

es. ScQ/es (1: >=) 

1 Water Leve! (m AMSL) 88.20 1 Vertical 11 Horizontal 40.0 

Uthology Elev. 
[m] Hole Amiulus 

90 

CLA Y, witb some 
silt and fine sand 85 

so 

75 
SAND, fine to medium 
grained 

70 

.. 
r 65 

60 

55 

LIMESTONE dolomitic, 
50 fnu:tured 

45 

40 

35 

DOLOMITE with marly 
30 

limestone, brown 

25 

1 

,. 
, .. ,, 

" ' ·'· . ,¡ 
'" ':~'i 



ENTRY & REPORTING FORMS CIS 

TESTE DE BOMBEAMENTO el 

PO<;: O 

1 

1 Municipio 
G 1433 RM 1 P3 Flores da Cunha 

Dist. POCfO Obs. [m] Vazao Média [m3/h] Dura9Ao [min] Espes. Sal Inicial [m] 
6.00 6.6667 900.00 

1 
Resultados 1 Erro da Estimativa (m] 

0.02 

1 •w• 9.10 '[m2Jh] 
o de. 

0.009767Swo """ "'' [1 ~~~]. 
'llU 

Método Método de Hantush 

0.01 

- O.J 
S 

~ -Q -= '... ~ 

S = ;.: 
·¡ • 
.Q 
~ 

~ J 
' 

JO 
O.J J JO JOO JOOO 

Tempo [min] 



ENTRY & REPORTING FORMS C16 

0.05 

Fit Method 

.. .,.,, 



Well NO. 

A-0001 
X 

1235568 

1 Aquifer 

Depth [feet) 
9 5 

9 6 

7 

9 

9 

98 

9 

10 o 

10 1 

2 10 

103 

104 

105 

106 

107 

108 

(\ 
~ ~ 

1 

80 81 
J 

82 

ENTRY & REPORTING FORMS 

1 

Descnption 

y 

10781674 

Quatemary 

~~ 

1 1 

83 84 85 

Hydrograph Reporting Form 

Observation well in St Johns District 

üround Surf. Elev. 
153.36 

A-0001 

1 

~ t 

Measunng n .t:lev. 
153.36 

Level [feet) 

-

~-

-= 

-

-= 

58 

57 

56 

55 

54 

53 

52 

51 

¡ l'· 50 

49 

48 

47 

46 

_.¡ t 
-= 

.\J -= 
1 1 1 1 1 1 1 

86 87 88 89 90 91 92 93 

C17 

~ 



C-18 ENTRY le REPO:Kl'ING FORMS 

.... ;< ; .• ··••.: / :;,;:i,;;· .·· ... :;;;!.;\: , .. ··· • r>;~:;;~ SJZ&.~;I~':':: ·.· :;t~:~i?:;:;&ti~'i.!,;::::• r·· .: '·h:~,~~h!{ ·• ···l 
Wellldent 

GSC-1 1 Oescrlptia" )loni.toring Wel.l., LaDdfil.l. R5 Project 1 

--- 12·14m 

---- 17~m 

~11111 111111111 
100

111111111 1111111, 1111 
110 

liD 
~ 

7D 

liD 

fso ... 
1/lCI 

\ 

!\, \ 
\ 

~ 
3D 

20 

10 

o 
1DDD 

illllll~lllllllllftlfYIIIIIJJ-~ 
100 10 1 0.1 0.111 

Gmin Sizlt ............. 
0.1101 

- s.nd 

!IJii --CIIy .! ... j J i!llli 
> 

.! ... 

Sioft lla.lmml 12-14m 17-21 m 

0.001 3.00 7.110 

0.1110 7.110 11.00 

O.D50 12.00 15.110 

0.100 1e.DD 21.00 

0.200 111.00 24.110 
0.500 22.00 211.00 
1.DDD 34.00 311.00 
2.DDD 44.00 52.110 
5.DDD 112.00 77.110 

10.DDD 711.00 87.110 
2D.DDD 117.110 1111.110 
25.DDD 100.00 1IX).IJO 

. 

•'•} 

,• 

,, 

' 





,_ ... ·-. 

• 



-------.- ...... -......... ~ .. 
"----E=~---~·-'"--"'!":."!""1 

.. 
1 

LE GENO 
1:11110110(111 
1:1100(111 



C-22 ENTKY 6: REPORI'ING FORMS 

PART THR.EE: 
ASCII FILE 
FORMFOR 
ADVANCED 
USERS 

Master Fue Entry 
Form 

lEXT -cwww- Dola' (130,30,1470.!10) 2.15.211.20 P(O.O.D) 1I(Ul.O.D) 
-cwww- Dola'O:.O.O 
'Am1'20.1.1.o C(0.255,2.55) 

. DAiA 'Wollldmt • (120.lliii.271J.DD)2.15.0.0 P(O.O.D) B(255 :zss 255) 
1do!m ·wo.o 
'MS s...s Saif'lU.O.O C(O.O.D) 
CB.lll,-10 
'MS S.. Soáf" 14.1,0.0 C(O.O.D) 

DAiA 'D ., - • (3!10.170M0,1011) 2.15.0.0 P(D.O.D) 8(255.255,2.55) 
1lmaiptial • wo.o 
'IWv' 11.0.0.0 C(O.O.D) 
CB.lll.-10 
'Cami!:r'10.0.0.0 C(O.O.D) 

DA:rA 'Dislria • (1230.170,370.100) 2.15.0.0 P(O.O.D) 8(255.255,2.55) 
"'li8aX:t • wo.o 
'IWv' a.o.o.o C(O.O.D) 
CB.lll.-10 
'Cami!:r'10.0.0.0 C(O.O.D) 

DAiA 'l.ocüry • (130370370.100) 2.15.0.0 P(0.0.0) 8(255,255.255) 
'I.DCIIily • wo.o 
'IWv' a.o.o.o C(O.O.D) 
CB.lll.-10 
'Cami!:r'10.0.0.0 C(O.O.D) 

DATA 'Owner '(500370370.100) 2.15.0.0 P(O.O.O) 8(255.255.255) 
'Owner ·wo.o 
'IWv' a.o.o.o C(O.O.D) 
CB.l0,-10 
'Caarier'10.0.0.0 C(O.O.IJ) / 

DATA 'Wollldmt . ' (120Jiill.2711.110) 6.15.0.0 P(O.O.D) 11(255.255.2SS) 
1deru 'ti.lO.O 
'MS S.. Sorif'lU.O.O C(O.O.D) 

. CB.l0,-10 

'MS Sons 5orir 14.1.0.0 C(O.O.O) 
DATA 'Deoaiptian • (390J10.8(0.100) 2.15.0.0 P(O.O.Il) 8(255.255,2.55) 

'Ilooa;ptian 'ti.lO.O 
'IWv' a.o.o.o C(O.O.D) 
CB.l0,-10 



ENTRY &REPOXI'ING FORMS 

'Caario!r' 10,0,0,0 C(O,O,D) 

DATA 'Dislrict '(1230.]7U,37U,IOO) 2.15.0.0 P(O,O,D) 11(255,255.2.55) 
'Dismct 'WO.D 
'Htlv' 8,0,0,0 C(O,O,D) 

CB.l0,-10 
'Caario!r' 10,0,0,0 C(O,O,D) 

DATA "Laaality '(130370.370.100) 2.15.0.0 P(O,D,IJ) 11(255.255.2.55) 
'LDcolil:y , WO.D 
'Htlv' 8,0,0,0 C(O,O,D) 

CB.l0.-10 
'Caario!r' 10,0,0,0 C(O,D,D) 

DATA 'Oomor '(500,370,370,100) 2.15.11.0 P(O,D,D) 11(255.255,255) 
'Oomer ·wo,o 
'Htlv' ll,O,D,O C(O,O,IJ) 
CB,l0,-10 
'Caario!r'lO,O,O,O C(O,O,IJ) 

DATA 'X , (130.270.3'0.100) 2.15.0.0 P(O.O,IJ) 11(255,255,255) 
'EaotiDg ·wo.o 
'Htlv' 8.0,0,0 C(O,O,IJ) 
CB.l0,-10 
'Caario!r'lD,II,O,O C(O,D,D) 

DATA "Y • ~,3Sl,l00) 2.lS.D.D P(O,D,D) 11(255.255.2.55) 
'Ncalilbq¡ ·wo.o 
'Helv" 8,0,0,0 C(O,O,D) 

CB.I0,-10 
, Comior' 10,0,0,0 C(O,O,O) 

DATA 'Z • (1130210.3110.100) 2.15.0.0 P(O,O,O) 11(255.255.2.55) 
'Gaxmd Sarf. a..v.· WO.D 
'Htlv' 8.0,0,0 C(O,O,IJ) 

CB,l0,-10 
'Camior'lO,O,O,O C(O,D,D) 

DATA 'ZM • (1210,270,390,100) 2.15.0.0 P(O,O,IJ) 11(255.255.2.55) 
~ Pt.Eiev. 'II.IO.D 
'Htlv' 8,0,0,0 C(O,O,D) 

CB.l0.-10 
'Caario!r' 10,0,0,0 C(O,O,IJ) 

DATA 'Map s-tNo. • (l2!1),370,320,100) 2.15.0.0 P(O,O,O) 11(255.255,255) 
'Map Shet No. • wo.o 
'Htlv' 8,0,0,0 C(O,O,D) 
CB,l0,-10 
'Caario!r' 10,0,0,0 C(O,O,D) 

C-23 



C-:U 'ENTRY & REPOXI'ING FORMS 

DATA 'Well Ident ' 
(120,160,270,110) 2,15,0,0 P(O,O,O) 
B(255,255,255) 

'Ident 'LT,10,0 

'MS Sans Serif' 12,1,0,0 C(O,O,O) 

CB,10,-10 

'MS Sans Serif' 14,1,0,0 C(O,O,O) 

The page origin is in the upper left comer. AR measures reíer.to the 
upper Ieft comer. 

First box: Field Name is Well Ident. The fie1d starts at 120 mm 
from the left mazgin up~ cmner of the page (X=120), and at 160 
mm from the IDJ) ~ (Y=160). The hañztñtallerlgth of the fie1d 
is 270 mm and iis lleight is 110 mm. 

The numbers 2 and 15 represent the &ame line lhickness (in 10th ol 
a millimeter) anda pammeterindica~whethe:r this is a fullframe 
around the field ar a partial &ame (wíth eme, two ar thn!e lines), 
respectively. 

The numbers 0,0 indicate that there is no border enhancins: the field. 
The following numbers define the border: O- no border; 10- 1 mm 
border line; 20-2 mm border line, etc. If the number is ~tive the 
line is to the left or below. If it is positive the line is to thé right ar 
above. 

The block P(O,O,O) is ol no concem. lt defines the colar of the label, 
but this is overriden by another blOc:k anline 3. 

The block B(255,255,255) sets the colar for ba~und. This mmbi­
natian is far no miar, ar white baclcgmund. The sequence is red, 
green, and blue, or RGB. 

Example of an input 
text block in the 
Master Fue Entry 
Fonn: 



ENT1tY le REPOIO'ING FORMS C-25 

Second box, 'Ident' is the label tbat wiJl be displayed and 
prinled. Notice that Field Name and Label name do not need to be 
the aame. Field Name must appear exactly as it is entered into the 
Dala File Structure, but you may type anytrung to Label Name. 

The letters u indú:ate the horlzonlal and vertiall a1ignment. 1-espec­
tively. The letlers han the foiiDwing meaning: 

• L=kft 
• e = CCIIII:r 
• R=right 

• T=top 
• B=battom 

In 1his example the waRi Identwill start at the left edge of the field 
in the upper ane thild ot the field. 

The m""bem10.0 after Il'iNW:ate hmizantal and vertical offsets in 
X ctirectian (10 tenlhs of a müJirneter), and O in Y diredian. 

Third bO%: 'MS Sana Serif' is the fant ~ used to write the 
label1dent'. The four rmmben after the fant fámily define the fal­
lowing: 

• ñmtsize 
• boid (1), DOJIIIll1 (O) 
• i!alic: (1), DOt italic (O) 
e mdcrlincd (1), DOtundcdined (O) 

In 1his cue, the fant aize is 12 paints, 'Ident' will be displayed and 
printed. as lx.tdfare, no italics, no underlining. 

The block C(O.O.D) inltirates colar far the labe1. Three zeros mean 
black, three 255s would mean white. An other mrnbinatian would 
imply ane of more than 16 million c:nJorl. 
Fourth box: itdefines the positionand of&ets fardata tofill the 
field. CB stands far center (hOrizontally), and bottom (vertially). 
10,-10 means harizallal offset 10 tenlbs of a millimeter (one mm to 
the right), and -1 mm above the bottum. 

Fift.h box: same as box thn!e. but 1his box refers to data. Fant 
faíDily is again 'MS Sana Serif', font aize is 14 ~- Data will be 
printed. boll:l. no italics, no undedining.lts cnJar will be black. 

Iext fie}ds differ from Data fields in the foil~. Thev 
have only three lines of definitim. The fourth and fifth lineS, wtW:h 
define ttie data filling the field, have no meaning here. 



.. 
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APPENDIX D ... VARIOUS ASCD FILES ... 
PROGRAM'S DEFAULT ANO EXAMPLES 

GWW.UNT 
Units, type of units, and '·. -
conversion factors. 
First line (header) is not 
a part of the file. 

_ .. _.;. 

::.b 

Data"IYPe Unit Conversion 
Factor 

Length m 1.0000000E 00 
Length cm 1.0000000E-02 
Length mm 1.0000000E-<B 
Length inch 2.5400000E-02 
Length feet 3.0487800E..01 
Length yard 9.1440000E..01 
Length mile 1.6090000E 03 
Length Km l.OOOOOOOE 03 
Tune sec 1.0000000E 00 
Tune min 6.0000000E 01 
Tune hr 1.4400000E 03 
Tune da y 8.6400000E 04 

Volume m3 1.0000000E 00 
Volume 1 1.0000000E-<B 
Vo1ume an3 1.0000000E-o6 
Volume quart 9.4760000E-04 
Volume barre! 1.5900000E-oi 
Vo1ume acre-ft 1.2340000E 03 
Volume gallon 3.7850000E-<B 
Volume ft3 2.8299688E-02 

Area m2 l.OOOOOOOEOO 
Area ha 1.0000000E 04 
Area ft2 9 .2902260E-02 
Area acre 4.0470000E 03 
Area Donum l.OOOOOOOE 03 

Flowrate m3/s l.OOOOOOOE 00 
Flowrate 1/s 1.0000000E-<B 
Flowrate gpm 6.3090000E-tl5 
Flowrate g(UK)pm 7 .5770000E-tl5 
Flowrate acre-ft/d 1.4580000E-04 
Flowrate m3/day 1.1500000E-tl5 
Ve!odty m/sec 1.0000000E 00 
Ve!odty cm/sec 1.0000000E-02 
Ve!odty m/d 1.1500000E-tl5 
Ve!odty m/yr 4.1975000E-<B 
Ve!odty m3/s/acre 3.2708762E 01 
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Velocity gpad 1.4326438E-o6 
Velocity ft/sec 3.0480000E-01 

Transmissivity m2/s l.OOOOOOOE 00 
Transmissivity m2/day 1.1157 400E.OS 
Transmissivity gpd/ft 13857491E-07 
Transmissivity g(UK)pd/ft 1.6646841E-07 
Transmissivity ft2/min 1.4860773E-<B 
Permeability m/s l.OOOOOOOE 00 
Permeability m/day 1.1574000E.OS 
Permeability crn/s 1.0000000E-{)2 
Permeability gal/day/ft2 4.7160000E-07 
Permeability ft/s 3.4800000E-{)2 
Permeability ft/day 4.0277520E-07 
Pressure Pascal 1.0000000E 00 
Pressure pounds/ sq.in. 6.8950000E 03 
Pressure Ib/sq l.OOOOOOOE 00 
Pressure atmosphere 1.0130000E 05 
Pressure millibar l.OOOOOOOE 02 
Pressure kg/m.s2 l.OOOOOOOE 00 

Temperature Celsius l.OOOOOOOE 00 
Energy joule 1.0000000E 00 
Energy ft-Ib 1.3560000E ()() 
Energy ft-p01mdal 4.2140000E-{)2 
Energy BTU 1.0550000E-<B 
Energy calarle 4.1870000E 00 
Energy kg.m2/s2 1.0000000E 00 
Force newton l.OOOOOOOE 00 
Force pound{f) 4.4480000E 00 

I.eakance 1/s l.OOOOOOOE 00 
I.eakance 1/min 1.6666666E-{)2 
I.eakance 1/day 1.157 4070E.OS 
S~padty m3/s/m l.OOOOOOOE 00 
S~pacity 1/s/m 1.0000000E-<B 
S~padty m3/d/m 1.1157400E.OS 
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PPMTOEPM.TBL 
The r.rst line (header) 

is not a part of the me. 

Ca 
Mg 
Na 
K 

Constituent 

Fe 
Mn 
HC03 
C03 
504 
Cl 
N03 
NO 
P04 
Si02 
Sr 
Zn 
Al 
NH4 
Ba 
Be 
Br 
Cd 
Co 
Cu 
F 
H 
OH 
I 
u 
Rb 

Conversion Factor 
0.04990 
0.08226 
0.04350 
0.02557 
0.05372 
0.03640 
0.01639 
0.03333 
0.02082 
0.02821 
0.01613 
0.02174 
0.00159 
0.27750 
0.02283 
0.00060 
0.11119 
0.05544 
0.01456 
0.33288 
0.01251 
0.01779 
0.00394 
0.00148 
0.05264 
0.99209 
0.05880 
0.00788 
0.14411 
0.01170 
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GUARICO 
Example of a line Ílle 

(a river). The fJrSt line 
(header) is nota part 

ofthe Ílle. 

X Coordinate 
672327.68700000 
672175.68700000 
672210.68700000 
672457.68700000 
672540.68700000 
672367.68700000 
672282.68700000 
672537.68700000 
672610.68700000 
672987.68700000 
673195.68700000 
673057.68700000 
673247.68700000 
673535.68700000 
673897.68700000 
674237.68700000 
674337.68700000 
674067.68700000 
673997.68700000 
673870.68700000 
673510.68700000 
673117.68700000 
672930.68700000 
673002.68700000 
673177.68700000 
673017.68700000 
672712.68700000 
672515.68700000 
672575.68700000 
672857.68700000 
673002.68700000 
673257.68700000 
673462.68700000 
673205.68700000 
673342.68700000 
673570.68700000 

Y Coordinate 
970824.25000000 
970572.25000000 
97(1399.25000000 
970604.25000000 
97a307 .25000000 
969797.25000000 
96%22.25000000 
969119.25000000 
969004.25000000 
969432.25000000 
969052.25000000 
968689.25000000 
968517.25000000 
968509.25000000 
968989.25000000 
968362.25000000 
967899.25000000 
967649.25000000 
967559.25000000 
967364.25000000 
967297.25000000 
967222.25000000 
967219.25000000 
967437.25000000 
967689.25000000 
967897.25000000 
967592.25000000 
967367.25000000 
967012.25000000 
96677 4.25000000 
966592.25000000 
966827.25000000 

. 966687.25000000 
966262.25000000 
965977.25000000 
9657 44.25000000 
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673682.68700000 
673670.68700000 
673920.68700000 
673747.68700000 
673130.68700000 
673295.68700000 
673377.68700000 
673372.68700000 
673152.68700000 
673155.68700000 
673862.68700000 

RANDOMDATA 
FILE EXAMPLE 

The first line 
(header) is not a 
part of the file. 

X Coordinate 
665000.0 
659000.0 
643300.0 
639300.0 
657900.0 
660000.0 
663600.0 
657800.0 
654863.0 
675800.0 
668100.0 
657700.0 
645300.0 
640700.0 
651500.0 
653200.0 
657800.0 
662200.0 
632600.0 
662400.0 
665000.0 

Y Coordinate 
958000.0 
959900.0 
965700.0 
965700.0 
949000.0 
953500.0 
950300.0 
945300.0 
938521.0 
962300.0 
954200.0 
964800.0 
955000.0 
961600.0 
955800.0 
966400.0 
967800.0 
967700.0 
959000.0 
967000.0 
958000.0 

966107.25000000 
966444.25000000 
966294.25000000 
965404.25000000 
965314.25000000 
965077.25000000 
964637.25000000 
964417.25000000 
964372.25000000 
963887.25000000 
963927.25000000 

Z Coordinate 
83.31000 
83.90000 
81.82000 
81.50000 
80.00000 
79.00000 
78.00000 
80.00000 
76.30000 
85.50000 
82.50000 
8520000 
77.70000 
79.65000 
81.50000 
87.05000 
8325000 
89.40000 
75.00000 
85.00000 
83.31000 

Wellldent. 
El_Frio. 
P-184 
P-540 
P-543 
P0-1 
P0-2 
P0-3 
P0-4 
P0-5 
SRRG-10 
SRRG-11 
SRRG-15 
SRRG-18 
SRRG-21 
SRRG-24 
SRRG-28 
SRRG-3 
SRRG-4 
SRRG-40 
SRRG-5 
SRRG-7 
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669000.0 
661100.0 

PUMPING TEST 
DATAFILE­
RECOVERY 

The f"JrSt line must 
contain O for the time, 

O for the drawdown, 
and the pumping rate. 
The second line must 

contain the total 
pumping phase time, 

the total drawdown at 
the moment when the 

pump was shut off, 
and O for the pumping 

rate. Zeros for the 
pumping rate need not 

be typed after the 
second line. 

Tune (min) 

0.00 
240.00 
241.00 
242.00 
243.00 
245.00 
247.00 
250.00 
255.00 
260.00 
270.00 
280.00 
300.00 
320.00 
340.00 
380.00 
420.00 

959200.0 
966800.0 

8435000 
89.15000 

Residual 
Drawdown (m) 

0.0000 
1.0000 
0.8900 
0.8100 
0.7600 
0.6800 
0.6400 
05600 
0.4900 
0.4500 
03800 
03400 
0.2800 
0.2400 
0.2100 
0.1700 
0.1400 

SRRG-8 
SRRG-9 

Pumping Rate 
(m3/day) 

2500.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
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Master Data Input/Output File~ produced by the Master-Application's option. 
Write to STD ASen Output 

<-· ~ - o-... ·iao> ......._"' ..,., ........ > <WcD ldlllll> <D ·: . > <~> <Lcalily> <o--r> <X> <Y> <Z> ~> <-- -•n- -
<Ja :a::tia.... -.,.: > cDrillad -.,.: > ce-:> <....,..lllr. > 
B-1 
!1211.111 

B-2 
m.oo 100.00 

The i.m.polla.ot tbings to remember when c:re.ating such a file using a text pzucessor ~ the 
following: 

1. The top lines (one or more) of the file, the "heacfer" lines, must c:on1ain field names 
witbin square brackets. 

2. The sequence of field names is not impcntant, but it must be Consistent with the dala 
columns that follow. 

3. The field name<~ must be typed exactly the same as they ~ entered into the file sttucture 
for that particular application. This means the spelling must be colJI!Ct and upper and 
lower case rule must be honozed. 

4. The dala lines must con1ain an equal number of data columns as sperified in the beader 
line(s). 

S. . The length of dala columns depends on the type of data. For chatacter type the dala 
column should consist of exactly the same number of clwacters as specified in the file 
structuze. E.g., ü the field name "Investigation by" is specified as a field of 20 
clwacters, the dala column must have exactly 20 c:harac:ters. Add the chatacter uncferline 
U to fill the field. In the example above, the field for "Investigarion by:" is typed as 
Dames_&_Moote , making it 20 c:harac:ters long. For numeric values the length 
of the field is not important as long as there is at least one blank field befare and after 
the numeric value. If there is no dala (value) for a parameter you should type one 
underlined U chatacter instead the value. 

6. In chatacter-defined field names, such as Investigation by:, ü there is more than one 
· word, the words must be connected with one or more undezlined U clwacters. In other 
words, GWW intetpzets a blank space as the end of the previous field and beginning of 
the next field. 

7. The number of chatacters that you may use in defining a field name is limited.to 20.' For 
this reason, in the chemistry file which follows, the word Fluorotrichloromethane was 
reduced to Fluorotrichloromet. 
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Chemical Data Input/Output as produced'by the Cbemical Application's optic 

Write to STD ASCII Oulput. 

<WcD llllm&> <De C..> <BaiiiW ... > <Cqlpar> <...._,.> <Nicbl> <~> <Anmil:> <..,._> <~> <Ck . > 
<Lt.l> <......,> <UJ-T•27 e > <1.1.2--Tt...., e > <1.1-1!'" > <l.t~r r: r > <1.2 r·" a > 
<1.2-Dü.l ':er> <a.larafam> <Toe.c.> <2 Mrt ,.,._..lpr> <1-(2 J'rt JPI ¡ o> <l..Q•YdllazJ•l__.,.> 
<E , •• ¡ J ><E a;• ;t > <P , . md> <N'Jf""' N-~> <T >ca-> <-S > 
co· · > <T1mb;• E > <l' tclm: CllaridD> <TJN > ~> <~> <t' n:IBiksl: > <28 > 
cc.:mc. Dia&dc> <~~> <T > <ViiiJI a.laridD> <l'kcu•' !' > <:&rz.e> <CJ: , , > 
<~> <~P-..c> <CJ!;'' ¡ > <2)! C;IF > <11)*-llca C711M> <~ C, • • > <~ 
Hca.:~c> <l...Jr.fclllyl~> <Jb•rm._CIIIl2> <2.3 n· t •7 . > <" ·: ' > <Dillril:l> <~> <o..r> <X> <Y> <Z> 
<ZW> <DIIDGf > <1)paafP g' ·><k wti¡ .... .,-:> <Dñledlllr.> < > <.....,..-,:> 
a..t __ APR._t9!10_ _ ._,oao .a!JIIO 

"ilCII.ai 

VJIJ.CIO ICIO.Cil 

a..2 __ APil._1990_ -

______________ DnW_awm_&_ 

oi6.ao 
412190_ lail_-_llario(_ __ &_-._ D&O_Drillill..af_-_'-._11._ 

Lithologic Data lnput/Output as produccd by the Cbemical Appücation's option 
Write to S1D ASCII Oulput. 

WEU.: SIIIJG.!I 
X: 66IUIO.CIO 
Y: 96051110.110 
EU!V: 16.110 
I!UVId:' 17.110 
nu OCT!'JX: o.so 
cm OC"X!)Y: o.so 
CIUIX'Xlf· 0.410 
VSCAU: w.o 
:JISCAU: 12.5 
Ul1l: 

IUCIOCIAY 
17.11008AND 
20AOO OllA V1!L 
:U.2CIO CIA y 
CUCII OllA V1!L 
Cl.7CIO CIA Y 

HOLI!: 
10.1100 
:U.2CIO 
C1.7CIO 

CASINO: 
10.1100 
24.200 
Cl.7CIO 

SCRI!I!N: 

0..500 
0.300 
0.200 

o.coo 
0.200 
0.1110 

lUCIO 20.6110 
30.1100 co.ooo 

ANNULIJS: 
10.1100 CI!MI!Nr 
C1.7CIOGWS 
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In this file you may not change the labels on the left side ending with the colon. You may 
change the a!jgnment of numeric values, that is the number of blank spaccs. The codes under 
entrics UTH: and ANNULUS: must be consistent with codes containcd in the .DLT files that 
you intend to use in the dala base. 

Pumping test ASCll file c:ontains only the time/diawdownlpumping rate data. Other 
information about a test you must input manually (d.istance to the observation wcll, type of 
aquifer, partial penetration parametcrs, etc.). One example is xepioduced below. 

. 3.110 11.2910 %10.0000 
5.110 O.fi90 2211.011110 

.1.00 1.29!10 2211.011110 
12-00 2.11!1!10 2211.011110 
211.110 3.211110 2211.011110 
:14.110 3.Ai1110 2211.011110 
:10.110 ~.1000 %10.0000 
31.110 ~.1000 2211.011110 
1(7.110 5.1000 2211.011110 
50.00 5.30110 %10.0000 
60.00 5.'1010 2211.011110 
?11.110 6.1010 . 2211.011110 
10.110 6.3010 %10.0000 
!10.00 6.'1010 2211.011110 

100.00 7.0000 2211.011110 
1:10.110 7.5010 2211.011110 
160.110 1.2!110 2211.011110 
200.110 I.JCI20 2211.011110 ; 
260.110 9.211110 2211.011110 
3211.110 9.fi90 %10.0000 
310.110 10.211110 %10.0000 
500.00 ID.19!10 2211.011110 

Again, it is not important to have the dala lines aligned as in the cxample above. Data must be 
separated by at least one space. 

Area ASCll File 
1111!.00 1111!.110 50 
11?11.1~ 1000.110 51 
II?D.U Ul.%252 
ll.tr7.34 Ul.%253 
ll.tn .34 Ml.2l ~ 
1159.34 Ml.%255 
1159.34 771.2256 
IIIT7.M 771.2257 
IIIT7.M 91~.Q51 
1111!.00 ti~.Q 59 
1111!.00 1000.110 50 ,. 

This ~ a simple file which contains two columns: Z and Y c:oordinates. The 1ast line's 
coordinates must coincide with the first line's coordinates. The file must terminate with /*. You 
~y ha~e two or more areas within the same ASen file. Each arca is sepaiated from the ncxt 
With a line containing the combination /*. 
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Text ASCTI File (for mapping application) 

•sOLVENT BUILDING• 1020 970 
10 o 17 49 o "Palton• o o o 1 o o 

The format of this file is explained in Chapter 15, scction 15. 7.6. 

D-10 

An ASen text file with more tban one line of text is teptoduced bel.ow. It stmes the information 
on labeling lithologic cross sec:tions on a map. Thcre are 3 cross sections identified as North­
South, NW-sE, and West-East. 

"NW" 1110 1013 
10017560-"000 100 
"NNOI1'B" 1210 liMO 
JOOJ7ft0._"000 100 
"WI!ST" N5 tU 
10017560-"000 100 
"Bo\ST" DC'7 192 
10017560-"000 100 
"SOU111" 121117$0 
10017560-"000 100 
"SE" I23S 'liiO 
10017560-"000 100 

Grid File. This is a portian of a grid file. The imporlant thing to :remember is the numbt 
of rows (NR) and columns (NC) in a grid moclel. The file must contain NRxNC values. The} 
may start from the lowcnnost row or from the uppermost row, since, when input into GWW the 
program will ask fust whethc:r the onlering is from Ymin to Ymax, or the othcr way around. 
The number of decimal points is not impm1ant, neither is the aligliment of data columns, as long 
as the elata are separated by at 1east one space. 

'75.9019 '75.9592 71.79!N 71.!111l7 72.01M 
71-1 71.xn 71.3&17 71.J.SX 71~ 
71.ns. 71A3CI! 71.m5 70A3U 71UU!I 
70.7251 70.9576 71.21dl 71..51173 11311n 
71.6701 70.9735 73.1000 '75.1722 75.11!15 
75.NI6 76.GJ29 76.DI '75.$111 '75.117ff> 
74M73 73.13U 73.GI79 7l.3aO 71.77119 
71.79V7 70.9110 70..,. 70.A999 70.3136 
70.3149 70.2150 71.5DJ 71.11B9 tn!rm· 
tü.NQ tü.totü tü.r712 tü.I!OI tü.1950 
75.1&11 '75.9112 71.- 71A143 71.6143 
71.7l95 71.3211 71.2ZIIi 71.3113 71A1M 
71..5151 71.61113 70MC 70.6:110 70.7ZJ6 
70.9397 71.1114 71AS09 72.lG 71.4705 
71.1916 73.9599 74.3&12 74.71Q '75.9111 
76.21172 76A075 76..5Sl7 76.3016 '75S72!1 



APPENDIXE 

Severa! ASCII files with extension .dlt (stands for Define 
Liithology) have special meaning in the GWW package. 
These files are: 

• SCREEN.DLT, 

• LITH.DLT, and 

• ANNULUS.DLT. 

The files with the default extension .dlt contain prepro­
grammed symbols for various lithological urúts, for well · 
screen, and for materials filling the annular space be­
tween the drilled hole and casing. You can use these 
symbols without modification, or you can make your 
own. 

Each symbol is defined with symbol name, which is the 
first word in a .dlt file (e.g. CLAY, Sll..T; up to 10 charac­
ters, sensitive to the case of letters, that is upper case and 
lower case are not the same), and description which will­
show on the printed log. This is one or more words after. 
the symbol name .. 

The file SCREEN.DLT is the shortest and is fully repro­
duced below. 

SCREENSaeen 

22255255127000 

20.001.00 

10.002.00 

21.000.00 

11.001.00 
• 
EMP'JY Empty 
1010255255191000 
.20.000.00 

• 

'!' 

., 
' 

In this file there are only two symbols; one for screen de­
fined as SCREEN, the other for blank casing defined as 
EMPTY. You must not·change this file's coded names. 
You may change the way in which a symbol is designed. 

~~ '• ' 
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The file ANNULUS.DLT is also fully reproduced below. 

CEMENT CONDUCI"OR\PIPE 
4.6 3.9 255 191191127 o 127 
20.30 
150 
2005 
1505 
201.1 
14.91.1 
201.8 
14.91.8 
202.4 
14.92.4 
203.1 
153.1 
203.7 
153.7 
• 
CLAYH CLAYhard 
3 1 127 255 63 191 63 63 
2005 
00.81 
11505 
02.30 
1305 
• 
GWS GRAVEL pack\gravel & sand 
4 5 63 255 255 63 o 127 
204 
015 
124 
013 
104 
221 
032 
141 
030 
121 
212 
11.12 
233 
13.13 
2051 
10.61 
2225 
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12.125 
234 
13.14 
20505 
10.6 05 
• 
SANDSAND 
2 2 191255 255 o o 127 
200 
10.3 o 
1 0.3 0.3 
100 
211 
11.31 
11.3 1.3 
111 
21.3 05 
11.4 05 
11.3 0.6 
2 0.3 1.1 
10.41.1 
1 0.3 1.3 
20.715 
10.915 
1 0.91.7 
10.71.7 
20.802 
10.70.4 
10.8 0.4 
1 0.8 0.3 
21.71 
11.612 
11.712 
11.81 
21.615 
1151.6 
11.71.7 
11.715 
2 0.4 0.6 
10.40.8 
10.60.7 
2 0.11.6 
1 0.1 1.7 
1021.7 
2 1.60.1 

LITHOLOGICAL SYMBOLS 
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11.6 0.3 
11.7 0.3 
• 

LITHOLOGICAL SYMBOLS 

This file contains severa! symbols that may be used to fill 
the annular space between the walls of the drilled hole 
and casing. You may add more symbols, rename codes 
and type another description. 

Only a portien of the file ll1H.DLT is reproduced below. 
This file contains codes and description for lithological 
units that may appear on a welllog. 

CLAYCLAY 
3 15 255 255 191 255 o o 
20.000.75 
00.75150 
11500.75 
02.25 0.00 
13.000.75 
• 
SILTSILT 
22 255 255191255 00 
200 
111 
• 
CWIOS CLAY with interbeds of sand 
3 4 255 255 191127 o 63 
202.9 
00.83.6 
1152.9 
02.3 2.1 
132.9 
201.4 
00.8 2.1 
1151.4 
02.3 0.6 
131.4 
20.20 
10.4 0.2 
21.2 o 
11.4 0.2 
22.20 
12.4 0.2 
• 
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DOLO DOLO:MITE 
3 4191255 U70063 
201 
131 
203 
133 
2 0.33 
102 
232 
12.71 
2123 
1154 
2150 
11.81 
• 
GRAVELGRAVEL 
45U725525500U7 
204 
015 
124 
013 
104 
221 
032 
141 
030 
121 
212 
11.12 
233 
13.13 
2051 
10.61 
222.5 
12.125 
234 
13.14 
2 05 0.5 
10.605 
• 
GWS GRAVEL with sand 
519125525500 U7 
204 
015 
124 

LITHOLOGICAL SYMBOLS 
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• 
LIME LIMESTONE 
34255255191000 
201 
131 
203 
133 
201 
103 
21.5 o 
11.51 
21.53 
11.54 
• 
ROCK1Rockl 
22255255255000 
201 
121 
• 
ROCK2Rock2 
11255255255000 
200.5 
110.5 
• 
ROCK3Rock3 
0.5 0.5 255 255 255 o o o 
200.3 
1 0.5 0.3 
• 
ROCK4Rock4 
2 2 255 255 2550 o o 
2 0.51 
11.51 
211.5 
110.5 
• 
ROCK5Rock5 
11255255255000 
2 0.3 0.5 
10.80.5 
2 0.5 0.3 
1 0.5 0.8 
• 
ROCK6Rock6 

LITHOLOGICAL SYMBOLS 
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3 3 255255 255 o o o 
211.5 
1215 
2151 
1152 
• 
ROCK7Rock7 
22255255255000 
20515 
111 
211 
11515 
• 
ROCK8Rock8 
33255255255000 
200 
133 
• 
ROCI<9 Rock9 
22255255255000 
200 
122 
• 
SANDSAND 
2 2 191255 255 o o 127 
200 
10.30 
1 0.3 0.3 
100 
211 
11.31 
11.3 1.3 
1fl 
• 

The meaning and creation of symbols will be explained 
using simple examples from the file LITH.DLT. Take for 
example the symbol for SILT. The block for silt is copied 
herebelow. 

SILTSILT 
2 2255255191255 o o 
200 
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111 
• 

The first line contains the code for silt "SILT", and the 
default description that will be typed in welllog if you 
do not override the default. (You can also modify this 
default by adding a word or more to Silt to better identify 
the unit. This will then become the default for SILT. Or, 
you may translate this word into ano.ther language, say, 
Sparúsh, in which case the word would be probably 
LIMO or POLVO.) The code may have up to 10 charac­
ters. The description may be any combination of up to 
100 characters. You may break the description with a 
backslash character, \. This is the instruction to the pro­
gram to start with the next line after the backslash char­
acter is encountered. 

The second line contains two numbers which define the 
size of a block, followed by six numbers that define the 
color of the background field and of the symbol itself. 
The philosophy of creating symbols is related to the size 
of blocks. One block is repeated in both horizontal and 
vertical direction in the log. One may think of small 
building blocks, such as bricks of exactly the same size 
and shape, which are laid on top and side one from the 
other to fill the whole space. The numbers 2 2 imply a 
square, so that any symbol defined in such a square shall 
be symmetrically repeated horizontally and vertically. 
We will demonstrate this concept later. 

The six numbers defining the color are, in the following 
order, Red, Green, Blue (RGB) for the background, and 
Red, Green, Blue (RGB) for the symbol. Remember that 
the number O is black, and the number 255 white. The 
combination 255,0,0 is red; the combination 0,255,0 is 
green; the combination 0,0,255 is blue. 

The combination 255,255,191 is interpreted as light yel­
low background, while the combination 255,0,0 is red 
symbol for silt. 

The block for silt, as well as any other symbol, termina tes 
with •. Between the second line and the asterisk sign, 
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there may be one or many lines. The first number in ea eh 
such line can be 2, 1 or O. The number 2 defines the start­
ing point, number 1 means "connect this point with the 
previous", number O means "make an are through this 
point without actually passing through it". In the third 
line of the SILT block, the remaining two numbers (0,0) 
define X and Y coordinates of the starting point within 
the block defined by 2 by 2. The number 1 on the next 
line is interpreted as "connect the starting point with this 
point", and the coordinates of this second point are 1.0 
and 1.0. When this is interpreted, the diagonal line ap­
pears in the lower one half of the square, connecting the 
point with coordinates (0,0) with the point with coordi­
nates (1,1). Since the small block which defined the sym­
bol is repeatedly used, the final appearance of this 
symbol is as is usually used for SILT. If you want to crea te 
a symbol for horizontallines widely spaced, such as the 
default symbol ROCK1, the design would be as follows: 

ROCK1 Rock1 (you may type sornethlng else) 
2 2 255 255 255 O O O (white background, black line) 
201 
121 
• 

This is equivalent to saying "draw a straight line from 
starting point with X, Y coordinates (0,1) to ending coor­
dinates (2,1)", which is along the middle of the block ~f 
size 2,2. If you want denser horizontallines, the block to 
define should be smaller, and so will be the spacing be­
tween repeating blocks. For example, 

ROCK2Rock2 
11255255255000 
200.5 
110.5 
• 

Very narrowly spaced horizontallines can be "obtained 
by assigning even smaller size to the block, say 0.5 by O .S. 
Thus the design for ROCK3 rnay be as follows: 

ROCK3Rock3 
0.5 0.5 255 255 255 o o o 
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2 00.25 
1 0.5 0.25 
• 

This is interpreted as "eonnect the point with eoordinates 
0,0.25 with point eoordinates 0.5,0.25". 

In addition to eonnecting two points with straight lines, 
you may create 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 create a sinusoidalline with amplitude 1.5 
and period 3.0. The block to define shall be 3 by 15. The 
fixed points should be at coordinates (0,0.75), (1.5,0.75), 
(3,0.75). These will be the three lines with starting num­
ber either 2 (for the first point) or 1 (for the remaining 
two points). The top of are shall be at the point (0.75,1.5), 
and the bottom of are at the point (2.25,0). Thus the block 
to define a sinusoidal line, which may be used to de­
scribe clay, may look as follows: 

CLAYCiay 
31.5 255 255255 o o o 
2 o 0.75 
00.751.5 
11.5 0.75 
02.25 o 
130.75 
• 

By reducing the height of the block from 1.5 to 1.0 the 
waves will become more "ironed" and lines closer. For 
example, one may design the following block for schist 
or shale: 

SCHJST Paleozoic Schist 
3 1.0255 255255 o o o 
200.5 
00.751 
11.5 0.5 
02.25 o 
11.5 .5 
• 
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You may connect severa! points to create a circle, or any 
rounded ,or semil'ounded object. Let us create a design 
for serrúrounded fine grave!. Define this block as 3 by 2. 

SRGRAV Senú-rounded grave! 
32-
2 0.70.4 
10.715 
o 1.4 1.9 
11.9 1.4 
021 
11.605 
o 1.1502 
10.70.4 
• 

As an exercise, double the size of this block and create 
gravel grains in checkered position, 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 as3by2.5,and use the upper 1.5 
units for clay (actually, duplicate the design of CLAY), 
and lower one unit for sand. Start with "Oay line" in the 
upper 1.5 units. The starting point will be at coordinates 
(0.00,1.75), and fixed points at (1.50,1.75) and (3.00,1.75). 
The are should pass through the points (0.75,2.50) and 
(2.25,1.00). Thus, the upper part of the block would be as 
follows: 

3 25 255 255 255 255 O O (red Une on white background) 
201.75 
00.7525 
1151.75 
02251 
131.75 

The "sand" portion of the design will be in the lower 1.0 
unit, i.e. within the block defined by coordina tes 0,0; 0,1; 
3,1;3,0. The "sand" grains are created by connecting 
points through small distance. For example, 

200 
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10.10 
2 0.5 o 
10.60 
210 
11.1 o 
etc. 

The final des!gn for "Alternating bands of clay with fine 
sand" could be as shown here below. (In your file, this 
should be typed line after previous line, continuously, 
not in three columns.) 

ABOCWFS Alternating\bands of clay\withfine sand 

3 2.5 255 255 255 O O O (Une #1, followed by:) 

o:oo 1.75 2 2.50 0.00 2 0.00 0.80 
0.75 2.50 1 2.60 0.00 1 0.10 0.80 
1.50 1.75 2 0.20 0.40 2 0.50 0.80 
2.25 1.00 1 0.30 0.40 1 0.60 Ó.80 
3.00 1.75 2 0.70 0.40 2 1.00 0.80 
0.00 0.00 1 0.80 0.40 1 1.10 0.80 
0.10 0.00 2 1.20 0.40 2 1.50 0.80 
0.50 0.00 1 1.30 0.40 1 1.60 0.80 
0.60 0.00 2 1.70 0.40 2 2.00 0.80 
1.00 0.00 1 1.80 0.40 1 2.10 0.80 
1.10 0.00 2 2.20 0.40 2 2.50 0.80 
1.50 0.00 1 2.30 0.40 1 2.60 0.80 
1.60 0.00 2 2.70 0.40 • 
2.00 0.00 1 2.80 0.40 
2.10 0.00 

Of course, you may crea te symbols in an easier way, us­
ing the On-Screen editing option in the Well Log and 
Lithology application. But for that you will need sorne 
practice. 

The important thing to remember is that the program 
will stop you from attempting to type a non-existing 
symbol. In the Well Log and Lithology application you 
first tell the program which file with lithological symbols 
you are going to use, then you type depths and codes. 
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ANAL YSIS FOR THE MULTIPLE-DIPPING-LAYER STRUCTURE: A 
COMPUTER PROGRAM 

This chapter contains a computer program by which to solve the dipping 
!ayer problem · of refraction seismology for · any number of layers. Chapter l: 
describes an equivalent procedure for use with slide rule or desk calculator. 
Olapter 13 provides the theory underlying both of these methods, and describes 
how to compute theoretic:ll refraction ttavel-time graphs for an arbitrary ilumber 
of dipping layers. For the three-11ipping-layer problem, a simple approximate method 
is given in Olapter 9. 

The interpf!ltation of Rfraction seismic data always starts from sorne 
simplified model of the subsurface structure. This model may be very simple 
indeed, such as a horizontal !ayer overlying a higher-velocity substratum. We cal! 
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 close to the expected subsurface 
conditions. as possible. 

(2) Compute the expected refraction travel-time graph. 

(3) Show the relationship oetween parameters of the structure (depths, 
dips, velocities, etc.) and parameters of the travel-time graph (slopes. 
intersection distances, intercept times, etc.) 

(4) Oleck that the field data yield an observed travel-time graph which 
looks reasonably like the expected travel-time graph for this structural 
model. 

(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 horizont:tl two-layer structure shown in Figure l. 
The_ velocities. V¡ and V 2 for the subsurface structure are shown to equal the 
(reciproca!) slopes of the two line segments 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, Barold 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 fraction of the interpretation problems of engineering 
seismology. This inodel consists of an arbitmry number of constant-velocity 
layers. Each of the boundaries between layers may dip at an arbitrary angle. 

This general model includes many special cases of practica! importance. A 
few of them are shown in Figure 1, such as the horizontal two-layer problem, etc. 

_(Note that any horizontal !ayer problem is a special case of a dipping !ayer 
pro blem, where the dips are zero.) 

Figure 1 also shows the nomenclature which describes the subsurface model. 
Velocities are given as V¡,V2,V3,v4, etc. Layer thicknesses are given as H. and 
depths to the bottom of layers as D. The letters A and B show the two end 
points of the seismic proflle which is to be interpreted. For the dipping !ayer 
structures, !ayer thicknesses are given as HA at position A and HB at position B, 
and similarly for DA and DB. ' 

Two -Loyer 

HORIZONTAL 

v, 
D¡ -----...L..­

V2 

Three - Loyer 
V¡ H¡ 

D¡ 
v2 H2 

02 
v3 

DIPPING 

A 

A 

HA¡ 
V¡. 

- t ·--··---W2 
v2 

B 

B 

H:B¡ 
-r-
HB2 

Figure 1 : Subsurface models for seismic interpretation. Only two-layer and 
three-layer models 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,w4, etc. The sign con­
vention is as. follows: A positive value for W means that rile boundary is dipping 
upward from A toward B, as shown in rhe figure; a negative va/ue for W rherefore 
mi!Dns that the actual dip is downward from A toward B. 
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This proposed model is very general, but it does have sorne lirnitations. The 
actual subsurface conditions must satisfy these limitations, at least to a rough 
approximation~ or else the resulting interpretations will contain serious erro;s. 
These limitations include: 

(1) The velocity within each !ayer is approximately constan t. 

(2) . Each successive !ayer has a highe.r velocity than the one above it (that 
is, there a.re no velocity inversions ): 

(3) The boundaries between layers a.re plane, although not necessarily 
horizontal. lf a boundary has an irregular surface, then the computed 
solution will give a plane surface which smooths out the irregularities. 

We now consider what the observed travel-time graphs from the field data 
should look like. First of all, the seismic pro me must be reversed, that is, two sets 
of observations must be taken in opposite directions along the seismic profile line 
AB. For example, a geophone would be placed at A, and readings would be taken 
for impact stations 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 proflles, it is cwtomary although not essential to put both 
sets of data on the same graph sheet as shown in Figure 2. 

must be equcl 
T2 ...... / T2 

..... ., 
.... / .... .... .... .... ..... 

T3 
must be equcl 

/ 
/ 

/ 
/ 

T3 .... 
VB3 

TAI 3 -- --- --
VA3 ..... 

--
TBI 3 

VB 2 
..... 

/ .... 
/ .... 

vs, ...... 
..... 

TBI2 
/ 

VAl TAI2 

Total sprecd distcnce X 

A B 

Figure 2: Expected travel-time graph for a structure consisting of three dipping 
layers. A similar pattem of symbols would be used for structures 
with more or less layers. 
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Figure 2 illustrates the nomenclature wltich is used to describe the observed 
travel-time graphs. The example in Figure ~ is for a dipping three-layer structure. 
The fust-arrival data measured from position A are defined by three straight-líne 
segments. The (reciproca!) slopes of these lines are called apparent velocities and 
are designated by symbols V A 1, VA~, and V A3. The second and third !in e 
segments are extended back to the left and intersect the axis at intercept times 
TAI2 and TAI3. Similarly, the apparent velocities measured from position B are 
labelled VB¡. VB~, and BVB3, and the time intercepts are TBI~ and TBI3. 

In general, the number of line segments will be equal to the number of 
layers. For the two-layer case, for example, there would be only two apparent 
velocities from A. VA¡ and VA2, with a single time intercept, TAI2, and similarly 
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 sarne number. If we saw five line segments fro~ 
each end, we would know that we had a five-layer structure. 

The observed travel-time graph must fit this pattem of straight-line segments, 
or else the structural model we are considering will not be satisfactory for the 
area under investigation. Furrhermore, the observed rravel-time graph musr be 
torced ro SIJtisfy rhe following rwo conditions before the inrerpretarion can 
proceed. If these -conditions cannot be forced onto the travel-time graph, then the 
proposed structural model wil! 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 position A must be 
the same as the apparent velocity of the first line segment from position 
B. 

Condition 2: T 2 = T Í• T 3 = T j. T4 = T4, etc. for every pair of line 
segments which appears on the graph. 

The second condition is called the requirement of reciprocity, 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 2, T Í• 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 Unes rnay be fitted to the data points on the travel-tiine graph. 
One usually draws the best and most obvious straight lines first. The condition of 
reciprocity is then used to adjust the remaining straíght Unes 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 profile from position B would be the same as from 
position A. In other words, he may take VB¡ =VA¡, VB::?. = VA2• TBI~ = TAI2, 
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etc.,- and proceed with the computation. This procedüre is not recommended 
because it includes the additional assumption of horizontal layering which may 
not be satisfied. 

To summarize the preceding, we suppose that we have an observed travel­
time graph for a reversed seismic proflle. We have drawn straight ·nne segments 
onto· the. graph so as to best fit the observation points. Furthermore, we have 
drawn these straight lines in such a way that they satisfy the condition of recip­
rocity. The number of line segments (cal! it N} from position A is equal to the 
number of line segments 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: VA¡, VA2, VA3 ..... VAN 

Apparent velocities from position B: VB¡ (=-VA¡}. VB2, VB3 ..... VBN 

lntercept times at position A: TAI2, TAI3 ..... TAIN 

lntercept times at position B: TBI2, TBI3 ..... TBIN 

The following computer program will take these observed data as inputs, 
and provide depths, dips, and vclocities of the structure as outputs. 

The input data in elude a quantity M, which should be set equal toO if the 
intercept times are read in seconds and should be set equal to 1 if they are read 
in milliseconds. The symbol X designates the seismic profile length from A to B; 
this quantity may be in feet, meters, or kilometers provided the apparent 
velocities use the same units. 
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2 TITLEI&I 

e SET N o 1 tF l>ITERe!PT TIMES &RE ¡,. •IL~lSECONOSo ~ • O tF !,. SECONUSo 
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e Tt•E SEGNE,.TSo 
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e TA11ll o l'~TEACEPT TIMES FRO~ A ENO, 1 o ZoN, 
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e lF B•E~O I,.TEReEPT TlHESo ldlo ARE NO! SUP~LlEO AS !NPUTo I~E PWUG~A~ wiLL 
C · CO•PUT! TH[H FROM AEelPR~ClTY, lNSEAT A ~LANK CARO wHEAE T~EY ARE 
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C N•NUNBER OF L&YERS OR TRAYEL TIME SEii"ENTSo l•E>IO•TO•END. SPAEAI) LENG!",' 
R[&O 405oHoNoloiTITLEili•I•lo61 

405 FORHAT 12l2oF8,0t6A81 
IF INI 640t640o407 

407 RE&O 410oiVAlll•l•loNI 
4lo FOANAT 19FB,OI 

R[&O 410o IY81llol o ¡,Nf 
RE&O 4l0t IT&IItlot•z,,.l 
A[&O 410• ITBlllloi•Zo~l 
TAllll o O, 
Tettlt • o. 
PAINT 411oiT!TLEillo1•loolol 
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423 TAENO a··u¡ 111 • VVAIII 
TBENO • TBIIll • l/Ydlll 
ERIIOR o A~S ITAENO/T~E•O • 1,¡ 
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........ o. 
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o~ 111 • ><B 111 
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CO~Tl~UE 
DO 580 J • 2•N 
WIJI • a(JI•S7,295~ •0,001 
PR1NT 620 
FO~HAT 1111 Zlo!B><CO•PUTED STRUcTURE // 9loSHLAYE~• 6lo~HYEL0CITY ' 

1 ' 6XtllHTHICKNtSS •• •4•1l"T"IC~~ESS ~· ~l•J"01PtlOlt7~0EPT~ At 
2 8lo7HDEPTH a 111 

1 • 1 -· 
PRI~T 625• ¡, v111o •1AI11• H&llJ•DAIII• o.,l!, 
FOA~AT Ct12tlFlS,Z,lSx,¿FlS.Cl -

1F 1~•21 632tbl2•627 
NN a N • 1 
PR!NT UOollo Vlllt RAI11o ""111• w l!loOAI11oDBI11o1•~o~NI 
FO~~aT 1112o~FÍ5o21 
PR1NT 635t~oVI~IowiNJ 
FO~NAT l112oF15o2olOltFI~·21 
PR!Nf. 638 
FORHAT 111/1/o5l••OUTPUI OAT• ARE PR!Nl~O TO loO OECI~•L PLACESo•• 

llo5lo•8uT ~O !HPLICAT!O• 15 !NTE•DEO THAT TRE Sf!SR1C RESULTS "AVE 
1 T~IS OEGREE OF HEL1A~ILITY,•I 

GO TD 400 
CD~TINUE 
ENO 
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INPUT DATA 

LA TER 

' 2 
3 

CDMP'UTED STRUCTURE 

- APfi'MENT 
UELOCITIESo " 

4000.00 
7930.00 

14760.00 

SP'READ LENGTH • 1000· 

An'ARVIT 
UELDCITIES• 1 

4000.00 
9000.00 

16200.00 

INTER.CEPT 
TJI'IESo A 

o 
.0150 
o0620 

&.ATOO VELDCITY THICKNESS A THICII:NESS • or• 

' 
' .:..ooo.oo 34.11 68.21 
2 8426.29 ¡Q9.04 l76oJ? -s.v:s 
3 1$427.63 .... 

• 

\ 
·~ 
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INTERCEPT 
.-- TI"ES• J: 

o 
.o:soo 
.0680 

DEPTH A 

34.11 
263.1~ 

, 

DEPTN 11 

68,:;!1 
z••.se 
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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 homogéneas 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 inverse 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 cuatro 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 matemático 
en caso de que no tenga el propio la máquina donde opere. 



2.1 INICIO (RES.IST) 

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 
3.1NVERSE 
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 nol!"bre 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 DESEADO: 

se teclea el número al arreglo electródico correspondiente: 

:· 
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( 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= 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 

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 DEARREGLO: 1. SCHLUMBERGER 
2. WENNER 
3. BIPOLO-BIPQLO 
O. 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 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 
3.1NVERSE 
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: 

i' 



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 
2.1NVERSE 
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 



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 los 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 

i' 

• 
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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 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 concluido, 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 
3.1NVERSE 
O. FIN DE PROGRAMA 

PROGRAMA SELECCIONADO:_ 



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: 
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J. Tbc Stet~dy.State. Saturated FJnw Eguatjgn: -

(1.1) 

%. Tbe Stgady-State. JJnsatnrated f]my Egnatjnn; 

(1.2) 

J, Tbe Transjent. Sah1ntcd flow Eqyatjon¡ 

(1.3) 

4, Tbg Transjent. JJn:;aturatgd Flow Eguptjon; 

where h is hydraulic head, K,., Ky. and K:z are the components of saturated hydraulic 

conductivity in the x, y, and z coordinate directions, t is time. 'V is pressure head, K,. ('lf), 

Ky('lf), and K:z(V) are the components of unsaturated hydraulic conductivity, S s is specific 

storage, C('lf) is specific moisture capacity. 
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SOLUCIONES DE LAS ECUACIONES DE 
FLUJO DEL AGUA SUBTERRÁNEA 

(SEGÚN HUYAKORN Y PINDER, 1983) 

l. MÉTODOS ANALÍTICOS 

A} SEPARACIÓN DE VARIABLES 

B} SOLUCIONES POR SIMILITUD 

C} TECNICAS DE VARIABLE COMPLEJA 

D} TRANSFORMACIONES DE FOURIER Y LAPLACE 

E} FUNCIONES DE GREEN 

F} MÉTODOS DE PERTUBACIONES REGULARES Y 

SINGULARES 

G} SERIES DE POTENCIAS 

11. MÉTODOS NUMÉRICOS 

A} MÉTODO DE-DIFERENCIAS FINITAS 

C} MÉTODO DE ELEMENTO FINITO 

O} MÉTODO DE COLOCACIÓN 

E} MÉTODO DE LAS CARACTERÍSTICAS 

F} MÉTODO DE ELEMENTOS FRONTERIZOS 

(BOUNDARY ELEMENT METHOD} 
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HIDROLOGÍA SUBTERRÁNEA 

·La dificultad para estudiar el agua subterránea radica en que esta se encuentra bajo 

el subsuelo y no puede ser medida adecuadamente, en comparación con las aguas 

superficiales. No obstante, los principios físico-químicos que gobiernan la ocurrencia, 

el movimiento y la calidad del agua subterránea están bien fundamentados y permiten 

tener cierto grado de confianza para desarrollar predicciones acerca de su 

comportamiento. Cabe hacer notar que esas predicciones son solo estimaciones de 

la manera en la cual el agua subterránea fluye en el subsuelo. 

La Hidrología subterránea no es una ciencia exacta sin embargo, es posible desarrollar 

un apropiado entendimiento de las características de las aguas del subsuelo si se 

conocen los principios y leyes básicas que rigen en esta disciplina. 
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Distribución del Agua en el Subsuelo 

El agua bajo la superficie del terreno ocurre en dos áreas: la zona saturada y la no 

saturada. En la zona no saturada la mayoría de los espacios entre los poros de una 

roca están ocupados por aire. Sin embrago, el agua ocurre en forma de_ humedad en 

el suelo y en la franja capilar que se extiende por arriba del limite de la zona saturada. 

En esta el agua se encuentra a una presión hidráulica negativa, es decir menor a la 

atmosférica. 

Por debajo de la zona saturada el agua llena completamente los poros de una roca y 

se encuentra a una presión mayor que la atmosférica. En términos generales el limite 

superior de la zona saturada, o nivel freático, sigue la superficie topográfica a cierta 

profundidad con respecto a la superficie del terreno. La posición de este nivel de 

saturación, con respecto a un punto de referencia, debe ser determinado con cuidado 

ya que su medición esta afectada por factores. 

La posición del nivel del agua en el subsuelo se pude determinar a partir de pozos de 

observación, pozos de explotación y piezómetros·(ver Fig. ). En cada uno de éstos 

el nivel puede ser diferente. La medición del nivel del agua en pozos que tengan 

diferentes profundidades es probable que refleje el nivel de uno o más acuíferos. 

La fig.( ) muestra la diferencia de elevación del agua en diferentes pozos, cada uno 

de los cuales se e-ncuentra a diferente profu-ndidad. Cada pozo presenta -diferente nivel 

sin embargo, el nivel freático solamente puede ser determinado en el pozo # 2. Los 
-· 

pozos 1 y 3-5 atraviesan estratos más profundos y cada uno tiene un ademe ranurado 

en diferente zona, por lo cual captan agua de diferente formación. El nivel del agua 

en cada aprovechamiento refleja la carga hidráulica que existe en el intervalo 

ranurado del pozo. 

Una condición diferente se presenta en el pozo #1 debido a que el paquete de grava 

alrededor del pozo permite que éste capte agua de todas las formaciones. En este 

caso, el nivel del agua en el pozo #1 es una componente de todas las aportaciones 

procedentes de las zonas atravesadas. 
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Debido a que la carga hidráulica varia con la profundidad es muy importante poner 

atención en la profundidad total a la cual están terminados los pozos, así como en los 

detalles de su construcción. La apropiada medición del nivel del agua subterránea es 

importante para determinar la dirección y magnitud del gradiente hidráulico. 

Acuíferos y Capas Confinantes 

En el subsuelo las rocas funcionan como unidades confinantes o acuíferos. Una 

unidad confinante se caracteriza por su baja permeabilidad la cual no permite el fácil 

paso del agua a través de esta. Ejemplos de estas unidades lo representan las arcillas, 

limos y lutitas. Por el contrario, un acuífero es una formación geológica que posee 

suficiente permeabilidad para permitir el flujo a través de ésta con relativa facilidad 

y por tanto aporta cantidades importantes de agua para su explotación. 

El agua subterránea ocurre en los acuíferos bajo dos condiciones diferentes: libre y 

confinado. Un acuífero libre es aquel en donde el nivel del agua representa el limite 

superior de la zona saturada. 

En un acuífero confinado, este esta limitado en su parte inferior y superior por una 

capa confinante y el agua en los poros posee suficiente presión para. elevarse por 

arriba de la base de la capa confinante, si un pozo llegase a perforar esta. En algunos 

·casos el agua posee suficiente presión para elevarse por arriba de la superficie del 

terreno. En estos casos los pozos se denominan brotantes o artesianos. 

Porosidad y Conductividad Hidráulica 

1 

Porosidad es la relación del volumen de espacios vacíos entre el volumen total de la 

roca. Este define la cantidad de agua que una roca saturada puede almacenar. 

Conductividad hidráulica (K) expresa la facilidad con la cual el agua atraviesa una 

formación geológica. Este parámetro depende tanto de las características físicas del 

medio como del fluido de que se trate. La conductividad varia en amplio rango 

dependiendo del tipo de roca de que se trate y aun dentro de esta misma. 
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Gradiente Hidráulico 

El gradiente hidráulico es la pendiente del nivel freático, es decir es el cambio en el 

nivel del agua por unidad de distancia, a lo largo de la dirección de máxima 

disminución de carga hidráulica. Este parámetro se determina midiendo el nivel del 

agua en varios pozos. El nivel del agua en un pozo se expresa generalmente en una 

elevación referida a una base que es generalmente el nivel del mar. (m.s.n.m.). Este 

representa la carga hidráulica total (H) la cual se compone de una carga de posición 

y una carga de presión (ver Fig. ). 

El gradiente hidráulico es la fuerza que genera el movimiento del agua subterránea en 

dirección de la máxima disminución de carga hidráulica. 

Debido a que el nivel del agua o superficie piezométrica es un plano, la dirección del 

flujo subterráneo y el gradiente hidráulico se determinan a partir de la información de 

tres puntos (ver fig. ). Estos puntos o pozos deben de cruzar el mismo acuífero, 

tener similar profundidad e intervalo de ademe ranurado para que las mediciones sean 

representativas. 

Usando el método de los tres puntos, las elevaciones del nivel son calculadas para 

cada pozo y su localización ubicada en un mapa. Puntos de igual elevación se unen 

a través de líneas que forman un triángulo. Usando las elevaciones (m.s.n.m.) de cada 

punto, cada línea es dividida en igual número de segmentos. Seleccionando puntos 

de igual elevación se pueden trazar líneas-equipotenciales o de contocrr10 a través de 

los puntos. 

Las líneas de flujo se construyen de tal forma que estas intersectan a lfneas 

equipotenciales en un ángulo recto. Asimismo, se muestra que el agua subterránea 

fluye en dirección hacia donde decrece la carga hidráulica. 

Mapas de Elevación del Nivel Estático 

Los mapas de elevación del nivel estático, o piezométricos, son una parte esencial de 

cualquier estudio relacionado con las aguas subterráneas ya que estos permiten 
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• indicar la'dirección hacia la cual se mueve el agua del subsuelo y estimar el gradiente 

hidráulico el cual controla a su vez la velocidad del fluido. 

Un mapa piezométrico es una representación gráfica del gradiente hidráulico. Este se 

elabora ubicando los niveles estáticos en un mapa base y uniendo puntos de igual 

_elevación en m.s.n.m. Los contornos del nivel del agua son llamados líneas 

equipotenciales e indican que el agua tiene el potencial para elevarse hasta tal 

posición. En el caso de los acuíferos confinados, el agua tiene el potencial para 

elevarse a una cierta posición, pero en realidad no lo puede hacer a menos que la 

capa confinante sea atravezada por un pozo. Por lo tanto, la superficie piezométrica 

de un acuífero confinado representa una línea imaginaria. 

La elaboración de un mapa piezométrico implica ubicar los niveles del agua en 

m.s.n.m en un mapa base y después unir puntos de igual elevación de acuerdo con 

ciertos criterios hidrogeológicos. Un considerable número de pozos se requiere para 

la elaborar un mapa piezométrico adecuado y una de las consideraciones más 

importantes en la elaboración de éstos es que las mediciones del nivel deben 

corresponder a un solo sistema de flujo subterráneo. 

Errores Comunes en la Elaboración e Interpretación de Mapas Piezométricos 

La configuración de un mapa piezométrico no es una tarea mecánica. Por el contrario, 

para su elaboración se requiere contar con ciertos criterios para· decidir la mejor 

configuración que represente la elevación -del nivel en el área. Especiafmente cuando 

los datos de las elevaciones no siguen un determinado patrón. Por ejemplo, si los 

niveles medidos en los pozos provienen de varios sitios distantes entre si los datos 

pueden haber sido obtenidos en diferentes tiempos y no ser comparables. Si por el 

contrario los datos fueron tomados en el mismo intervalo de tiempo, a fin de reducir 

variaciones estacionales, será necesario conocer las características constructivas de 

cada pozo para explicar posibles anomalías en sus valores. 

Si un valor anómalo no puede ser identificado rápidamente entonces será necesario 

realizar otras actividades de campo a fin de determinar las características 

hidrogeológicas que generan dicha anomalía. 
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Errores eri la Configuración de Mapas Piezométricos 

El punto de inicio para elaborar un mapa piezométrico es un mapa base de la zona de 

estudio. Este permite ubicar los pozos, determinar su elevación en m.s.n.m., 

caracterí~ticas geográficas, geológicas, topográficas e hidrográficas, entre otras. 

El trazo de las líneas equipotenciales requiere de ciertas habilidades ya que es muy 

común cometer dos tipos de errores como: i) Incluir mediciones de niveles no 

representativos del sistema de flujo subterráneo y ii) no considerar las características 

del subsuelo (homogeneidad y anisotropia) que pueden modificar la distribución de 

las líneas equipotenciales. 

A continuación se enumeran varias fuentes de error en la configuración de los niveles 

estáticos: 

1. Incluir mediciones de nivel de pozos ubicados en zonas de recarga o descarga del 

acuífero. 

2. No considerar la distribución y las características de los cuerpos de agua 

superficial. Ver Fig. ( 

3. No considerar la presencia de estructuras o rasgos geológicos importantes. La fig.( 

) muestra como los métodos convencionales de contorneo configuran los niveles de 

agua de una zon-a dividida por una falla ge-ológica generando configuraciones que no 

representan apropiadamente esta condición. 

4. Considerar anomalías en la configuración de los niveles generados por la presencia 

de recarga o descarga artificial de agua subterránea provocada por actividades 

humanas. Los pozos en operación generan un cono de depresión alrededor de estos, 

creando una pendiente en el gradiente hidráulico. Por otra parte, los retornos de riego, 

recarga inducida por infiltración de aguas residuales o fugas en el sistema de agua 

potable, generan montículos en los mapas piezométricos de forma contraria a los 

observados en las zonas de bombeo. 
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t 5 .. Omitir posibles variaciones estacionales u otras fluctuaciones de corto tiempo que 

afectan el nivel del agua subterránea. Si un acuífero es sensible a las variaciones 

estacionales o a los períodos de lluvia o estiaje, que provocan un incremento o 

disminución en la elevación del nivel, entonces las mediciones· en los pozos no serán 

representativas a menos que estas se realicen en una misma época del año. 

6. Considerar mediciones del nivel en pozos que atraviesan diferentes acuíferos. En 

los pozos cuyo ademe ranurado atraviesa diferentes acuíferos, generalmente las 

medidas del nivel no son representativas de un solo acuífero. Lo anterior, se debe a 

que el nivel refleja la interacción de diferentes acuíferos. 

Errores en la Determinación de la Dirección del Flujo Subterráneo 

La dirección del flujo subterráneo en un medio isótropo es perpendicular a las líneas 

equipotenciales. Sin embargo, el no considerar la anisotropia y la heterogeneidad del 

subsuelo puede provocar errores en la determinación de la dirección del flujo. Ver 

figuras ( y ) . 

Redes de Flujo 

Un mapa de superficie piezométrica puede ser transformado en una red de flujo 

subterráneo construyendo líneas de flujo que intersectan a las equipotenciales en 

ángulos rectos. Las líneas de flujo son caminos imaginarios que pueden seguir las 

partículas del agua cuando estas se mueven a través del acuífero. Aun-cuando existe 

un número infinito de líneas equipotenciales y de flujo estas se construyen con una 
-· 

diferencia uniforme, de tal forma que las combinaciones de ambas forman una serie 

de cuadrados casi perfectos. La construcción de redes de flujo, junto con la aplicación 

de la ley de Darcy (ver próxima sección), permite estimar la cantidad de agua que 

cruza en una determinada área del subsuelo. 

Por otra parte el agua subterránea no solo fluye a través de los acuíferos sino también 

en las capas confinantes. En este caso el flujo lateral es muy pequeño comparado con 

los acuíferos. Sin embargo, la infiltración vertical de ellos puede ser importante. 
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Ley de Darcy 

La ley de Darcy es el principio básico que rige 

subterráneas. Esta ley se utiliza para calcular la 

determinada área en el subsuelo y se expresa como: 

O=Aq = AKi 

donde 

O = cantidad de flujo (L3 /T) 

el movimiento de las aguas 

cantidad de flujo que cruza 

A = Área transversal a través de la cual ocurre el flujo 

K = Conductividad Hidráulica (L2
) 

i = gradiente Hidráulico {L/L) 

q = velocidad de darcy {L/T) 

La velocidad del flujo es directamente proporcional a el gradiente hidráulico y por 

tanto el flujo es laminar. Esto significa que el agua seguirá distintas líneas de flujo en 

lugar de mezclarse con otras líneas. En los casos en donde no se presenta el flujo 

laminar, por ejemplo en rocas con fracturas, cavernas de disolución ·o cerca de los 

pozos, el flujo es turbulento. En la fig ( 1 se presenta un ejemplo de la aplicación de 

la ley de Darcy. Ci.erta cantidad de flujo (0) atraviesa un tubo relleno de arena con un 

área transversai-ÍAI. El nivel del agua decr-ece a mediada que recorre-la distancia (L) 

y la carga hidráulica es más alta en el manómetro al inicio de la trayectoria que al final 

de esta. 

La diferencia en la carga (H) a lo largo de la trayectoria (L) es el gradiente hidráulico 

(H/L) o i. La perdida de carga refleja la energía que se requiere para mover el fluido 

a una determinada distancia. Si la O y A son constantes y K se incrementa, la perdida 

de carga disminuye. Es importante remarcar que la perdida de carga ocurre en la 

dirección del flujo. 

En la fig. ( 1 el flujo en el tubo se ha invertido y el flujo fluye de la parte inferior a la 

superior y O, K, A y i permanecen iguales. Lo anterior permite ilustrar un importante 
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concepto cuando los manómetros son considerados como pozos. Cabe destacar que 

el pozo profundo tiene una carga que es más alta que el pozo somero cuando el agua 

se mueve hacia arriba y que esta situación se invierte cuando el flujo es descendenté. 

Cuando pozos cercanos con diferente profundidad y niveles de agua se presentan en 

el campo, ver fig.( )., esto indica la existencia de zonas· de recarga o descarga. En 

zonas de recarga, los pozos someros tendrán mayor carga hidráulica que los pozos 

profundos. 

En sitios donde el flujo es horizontal no se aprecian diferencias de carga importantes. 

En zonas de descarga, los pozos más profundos tendrán mayor carga hidráulica. 

•.f •. 
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Ejemplo 

Considere un acuífero en un medio granular (arena) con un espesor promedio de 100 

m. EL acuífero es cubierto por una capa confinante. La diferencia de nivel entre dos 

pozos separados 2 km entre si, es de 1 O m y la ·conductividad hidráulica de la areana 

es de 10m/día. Calcule la cantidad de agua que atraviesa una sección transversal del 

acuífero. 

1 1 
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Las lineas de flujo en los acuíferos tienden a ser paralelas pero en las capas confinantes 

son casi perpendiculares a las fronteras (Referencia. Heafh, 1983 J. 



Interpretación erróneo'\ 
-------1 

,-superficie del terreno 

Actlfero 

superio~'\. 
.:_._--.-<•: 

Acuffer_\ 
lnferlo~- \ 

-------- ----::~!---=~ 
?-----" 
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Superficie piezométrlco 

___ _L _~el oculfero superior 
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Error en lo medición de la superficie piezométrica debido a la combinación de niveles en dos 

acuíferos confinados con diferente carga hidráulica. ( Dovis ond DeWiest, 1966 J. 
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Grava 
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producción 

Dispositivos para med1r los niveles de agua en los acuíferos. 

(Me Whorter y Sunodo, /976). 
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Diagrama transversal mostrando el nivel del agua 
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Explicación gráfica de la ley de Darcy. 
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Heterogeneidad y Anisótropia: Cuatro posibles combinaciones 

( Freeze and Cherry, 1979) 
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Procedimiento alterno para determinar las lineas equipotenciales y la dirección del flujo subterráneo 

en un acuffero homogeneo e isótropb. (Heath , 1983). 
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Dirección del agua 
subterránea 
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Lineas 
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"-:._Elevación del nivel estático 
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Lo dirección del movimiento del aguo subterráneo puede ser detenminodo 

o través de lo medición del nivel del aguo en tres pozos de lo m1smo . 

profundidad. ( Heoth y Troiner, 1981) 
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ACUIFERO ISOTROPO 

Calfigl.l'oci6n ~., 
pie zometr lea 

ACUIFERO ANISOTROPO 

Configuración 
plezometrica 

Zona de 

A. Efecto de lo anisotropio en lo orientocioo de lo zona de contribución. 

10 20 30km. 

B. Simulocioo runerico de los lineas de flujo en un sistema de rocas 
fracturados. ( Gafe, 1982) 

Efecto de los fracturas sobre el movimiento de los aguas subterráneos. 
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DISTRIBUCION DE LA CONCENTRACION AL TIEMPO t =O· 
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---+ 
~~---------------1 Dirección 
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Acuífero 
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Concentración 

D1stancia X 

RepresPntac1ón esquemát1c.o del proceso de macrod1spers1Ón en un acuífero 
multicapas. 
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Repreaentoci6n ~tico de lo dispersión 


