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ESTABILIDAD DE TALUDES

1.- Introduccién.

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 e] talud se produce en forma natural, sin
intervenci6n humana, se denomina ladera natural o simpiemente ladera.

Cuando los taludes son hechos por el hombre se denominan cortes o taludes artificiales. segun sea la
génesis de su formacion; en el corte, se realiza una excavacién en una formacion térrea natural, en tanto que los
taludes artificiales son los lados inclinados de los terraplenes.

También se producen taludes en los bordes de una excavacién que se realice 2 partir del nivel del terreno
natural, a los cuales se les suele denomunar taludes de la excavacién.

En primer lugar serd preciso analizar la necesidad de defimir criterios de estabilidad de raludes,
entendiéndose por tales algo tan simple como el poder decir en un 1nsiante dado cudl sera la inclinacion apropiada
en un corte o terraplén; casi siempre serd la mds apropiada la mas escarpada que se sostenga el tiempo necesario
sin caerse. Aqui radica la esencia del problema y la razon de su esiudio. 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
motivacién econdmica. ;

2.- Taludes Artificiales.

Dentro de los taludes artificiales también existen diferencias esenciales entre los cortes v los terraplenes.
Estos iltimos constituyen una estructura que se construye con un maierial relativamente controlado o que. por o
menos en un principio se puede controlar; en los cortes. no existe ésa posibilidad. Es obvio que taies condiciones
de formacién han de unpouner vananies en la naturaleza de los materiales con que se haya de trabajar, en su
homogeneidad y en su disposicidn, que han de reflejarse fundamentatmente en la estructura final a que se llegue y
en todos los aspectos de su comportamiento.

Otro aspecto que genera confusion dentro de la concepcion del problema de “estabilidad de taludes” es, el
que emana de la extraordinaria complejidad y multiplicidad de o que ha dado en llamarse "falla del talud”. Desde
luego no existe un consenso universal en lo que debe entenderse como tal; la gran mayoria de las fallas de 1aludes
se definen en términos de derrumbes o colapsos de toda indole, que no dejan duda en pensar que ha ocurrido algo
que pone en Serio entrediche la funcion estructural.

La naturaleza y homogeneidad de los materiales constitutivos son bésicos para plantear y definir el
- problema de la estabilidad de un talud en cualquiera de sus multiples aspectos.

3.- Tipos de Fallas mas comunes en los Taludes.

v i .. . . .
, Sp presentan a continuacion las fallas mas comunes de los taludes. En primer Jugar se distiguen las que
afectan principalmente-a las laderas naturales de las que ocurren sobre todo en los taludes artificiales.

Los factores de que dependen la estabilidad de las masas de tierra se pueden agrupar como se muestra en
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la siguiente tabla:

Factores de que depende ia estabilidad de los taludes.
ia) Factores geomorfologicos.
3.1} Topografia de los alrededores y geometria del talud.
a.2) Distribucion de las dicontinuidades y estratificaciones.
b) Factores internos.
b.1) Propiedades mecanicas de los suelos constituventes.
b.2) Estados de esfuerzos actuantes.
©) Factores climadticos y concretamente, el agua superficial y subterranea.

4.- Fallas Ligadas a la Estabilidad de Laderas Naturales.

Debido a que éstas fallas no estin contempladas de manera directa en la estabilidad de taludes anificiales.
que es el tema que nos ocupa, Unicamenie se proporcionara una breve descripcion de ellas.

4.1.- Deslizamiento superficial asociade a falta de resistencia por baja presion de confinamiento (creep).

Se refiere a ésta falla al proceso mas o menos continuo v 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 dreas y el movimiento superficial se produce sin una transicion brusca
entre la parte superficial mévil y las masas inméviles. mis profundas. No, se puede hablar de una superficie de
deslizamiento. El creep suele deberse a una combinacién de ias acciones de las fuerzas de gravedad v de otros
varios agentes. La velocidad de movimiento ladera abajo de un creep tipico puede ser muy baja v rara vez excede
de algunos centimetros por afio.
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4.2.- Fallas asociadas a procesos de deformacion acumulativa, generalmente relacionadas con perfiles
geologicos desfavorables.

Se refiere €ste titulo al tipo de fallas que se producen en las laderas naturales como consecuencia de
procesos de deformacién acumulativa, por la tendencia de grandes masas a moverse ladera abajo.” Este tipo de
fallas qUizé es tipico de laderas naturales en depdsitos de talud o en otras formaciones andlogas en cuanto a génesis
geologica, formadas por materiales bastante homogéneos, no consolidados y bajo la accién casi’exclusiva de las

;uerzas gravitacionales. Muchas veces aparecen en el contacto de éstos depdsitos con otros subyacéntes, mas
irmes.
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En tales condiciones, ha de pensarse que la ladera se formo con una inclinacion que no puede exceder
mucho la del equilibrio criuco y por ello es logico pensar que en el interior de la masa existan fuertes tendencias
al deslizamiento, que se traducirdn en deformaciones importantes de los suelos afectados.

Dado el largo tiempo en que tales esfuerzos gravitacionales actiian en ios materiales del interior de la
ladera, la resistencia al esfuerzo cortante podra degradarse por procesos de deformacidn acumulativa v en ciertas
zonas dentro de la ladera se desarrolian estados de creep profundo.
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4.3.- Flujos.

Se refiere éste tipo de falla a movimientos més o menos rapidos de una parte de la ladera nawral, de tal
manera que el movimiento en si y la distribucién aparente de velocidades y desplazamientos recuerda el
comportamiento de un liquido viscoso. La superficie de desplazamiento no es discernible o se desarrollo. durante

un lapso relativamente breve; es también frecuente que la zona de contacto entre la parte movil y las masas fijas de
la ladera sea una zona de flujo pldsuco.




5.- Fallas Relacionadas a la Estabilidad de Taludes Artificiales.

" 5.1.- Falla Rotacional.

Se describen ahora los movimientos répidos
o pricticamente instantineos que ocurren en los
taludes y que afectan a masas profundas de los
mismos, con deslizamiento a lo largo de una
superficie de falla curva que se desarrolla en el
interior del cuerpo del talud, interesando o no al
terreno de cimentacion.

Se considera que la superficie de falla se
forma cuando en la zona de su futuro desarrollo
actian esfuerzos cortantes que sobrepasan la
resistencia del material. La resistencia que se debe
considerar en cada caso particular es una cuestion
muy importante. La resistencia que se supone
superada al producirse una falla rotacional es
generalmente la resistencia maixima. Asi pues, en el
interior del talud existe un estado de esfuerzos
cortantes que vence en forma mas o menos tépida la
resistencia al  esfuerzo comante del suelo; a
consecuencia de ello sobreviene la ruptura del mismo,
con la formacién 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 cilindrica o concoidates

cuya traza con el plano del papel sea una arco de .

circunferencia (por lo menos, con razonable
aproximacion, la cual, como se verd resulta muy
conveniente en el momento en que se desee establecer
un modelo matematico de la falla, que permita un
calculo numérico) o pueden adoptar formas muy

diferentes, en las que por lo general influyen la .

secuencia geologica local, el perfil estratigrifico y la
naturaleza de los materiales.

Desde luego las fallas rotacionales de forma
circular ocurren per lo comun en materiales arcillosos
homogéneos o en suelos cuyo comportamiento
mecinico esté regido basicamente por su fraccién
arcillosa. En general afectan a zonas relativamente
profundas del talud, siendo ésta profundidad mayor,
cuanto mas escarpado 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 ralud
o de base; las primeras se desarrollan sin interesar al

m
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terreno de cimentacion, en 1anto que las segundas se desarrollan parcialmenie en él.
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Al ocurrir las fallas circulares pueden afectar a masas muy anchas. en comparacion con las dimensiones
generales de la falla. en cuyo caso dan lugar a verdaderas superficies cilindricas, o pueden ocurmir en forma

concoidal, con un ancho pequefio comparado con su longitud.

Las fallas rotacionales de forma distinta a la circular iipica parecen estar asociadas sobre todo a arcillas
sobreconsolidadas que se presenten en taludes no homogéneos, por diferencias en la meteorizacion. por influencia
de ia estratificacién o por otras causas que se reflejen en discontinuidades o en desorden estructural del 1ajud

5.2.- Falla Translacional.

Estas fallas por lo general consisien en movimientos translacionales improtantes del cuerpo del talud
sonre superficies de falla basicamente 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 comin de arcilias blandas o de arenas finas o
limos no plasticos sueitos. Con mucha frecuencia, la debilidad del estrato esta ligada a elevadas presiones de poro
en el agua contenida en las arcillas o a fendmenos de elevacion de presion de agua en estratos de arena (acuiferos).
En este sentido, las fallas pueden estar ligadas al calendario de las temporadas de lluvias en la region.

Las fallas del material en bloque muchas veces estdn asociadas a discontinuidades v fracturas de los
materiales gque forman un corte o una ladera natural. siempre en anadidura al efecto del estrato débil subvacente.
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Las fallas de una franja superficial son tipicas de laderas naturales formadas por materiales arcillosos
produclo de la meteorizacion de formaciones originales. Se suelen provocar por el efecio de la sobrecarga
impuesta por un terraplén construido sobre la ladera. En estas fallas el movimiento ocurre casi sin distorsion.

5.3.- Fallas con Superficie Compuesta y Fallas Miiltiples.
Existen tipos de fallas que abarcan movimientos en que se combinan la translacién y la rotacion, dando

origen a ;uperﬁcies de falla compuestas en que se desarrollan zonas planas a la vez que tramos curvos, asimilables
a arcos circulares.

1]



Pag 7

Asi mismo se distinguen fallas que se producen con varias superficies de deslizamiento. sean simulianeas
o en rdpida sucesion. .

5.4.- Derrumbes y Caidos.

Estas fallas son tipicas tanto de las laderas naturales como de los cortes practicados en ellas. Por lo
general consisten en desprendimientos locales de no muy grande volumen. En estas fallas no puede hablarse de
una superficie de deslizamiento y el desprendimiento suele estar predeterminado por las discontuinuidades v fisuras

preexistenies.
5.5.- Otros tipos de fallas, no directamente asociadas a la resistencia al esfuerzo cortante de los suelos.

Existen fallas por erosion, fallas por mubificacién y fallas por agrietamiento. En el aspecto de andlisis que
involucra a los taludes conformados por rellenos sanitarios, es muy importante profundizar un poco en las fallas
por tubificacién. .

La situacidn tipica que expone un terraplén a la tubificacion en que por algin motive aguél embalse agua
durante un lapso considerable, suficiente para que se establezca un flujo a su través. Que el terraplén embalse es,
sin duda, una condicién que se presenta con relativa frecuencia, pero seguramente es bastanta mas raro que el
terraplén quede durante mucho tiempo expuesto a la accién de agua en sus dos taludes, con tirante diferente y
desnivel importante, de manera que pueda establecerse un flujo con gradiente hidnilico suficientemente alio para
generar problemas de tubificacién.

La tubificacién comienza cuando hay arrastre de particulas de suelo en el interior de la masa por efecto de
las fuerzas erosivas generadas por el flujo de agua. Una vez que las particulas empiecen a ser removidas van
quedando en el suelo pequefios canales, por los que el agua circula a mayor velocidad, con mavor poder de
arrastre, de manera que el fenémeno de tubificacién tiende a crecer continuamente una vez que comienza,
aumentando siempre €] didmetro de los canales que se van formando en el interior del terraplén.

El limite del fenémeno es el colapso del bordo, al quedar éste surcado por huecos de didmetro suficiente
para afectar la estabilidad por disminucidn de seccidn resistente.

Un factor que influye mucho a la tubificacién es la insuficiencia de compactacion en el terrapién, cuando
ésta afecta a suelos susceptibles. Esta insuficiencia es comin, sobre todo en {a vecindad de muros o superficies
rigidas, tales como ductos o alcantarillas.

Teniendo en cuenta que las alcantarillas son lugares en donde es comin que exista tirante de agua y en
torno a los cuales es dificil compactar los suelos, se puede afirmar que se trata de puntos criticos en cuanio a
tubificacion se refiere. Alrededor de ellas se deberd vigilar muy especialmente la susceptibilidad de los materiales
que se empleen.

6.- Métodos de Calculo de Estabilidad de Taludeﬁ:

Se tratard ahora de presentar un método de cilculo para establecer si un talud en que se piensa sera
estable en la etapa de proyecto, o para poder revisar ta condicion de un talud construido y poder juzgar, quizi, de
la bondad de algiin modelo correctivo que se desee emplear.

Antes de proseguir ha de insistirse en que, todos los modetos materméticos gue sirven de base a métodos
de calculo presuponen una homogeneidad en materiales, estratificacién, disposicién, 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 andlisis limite disponibles para calcular la iaosibilidad de que se desarrolle un
deshzany;nto de tipo rotacional en el cuerpo de un tatud, al igual que practicamente todos los métodos de célculo
de estabilidad de taludes, siguen wres pasos fundamentales:
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1.- Se establece una hipétesis sobre el mecanismo de la falla que se producird. Ello incluye tanto la forma de
la superficie de la falla como una descripcién cinemdtica compleia de los movimientos que se produciran
sobre ella y un anilisis detallado de las fuerzas motoras.

2.- Se adopta una ley de resistencia para el suelo. Con base en tal ley se podran analizar las fuerzas
resistentes disponibles.

3.- Se establece algin procedimiento matematico de "confrontacién”, para definir s1 el mecanismo
de falla propuesto podra ocurrir o no bajo la accidén de las fuerzas motoras, venciendo el efecto
de las fuerzas resistentes.

La razon para que se utilice un método como el anterior es que no se ha desarrollado minguno
satisfactorio con base a una hipétesis convincente de distribucion de esfuerzos en el interior de la masa del talud.

En la siguiente seccién se describird el procedimiento matemitico en cuestion, que es el método sueco
aplicado a taludes cuya ley de resistencia se exprese en términos de ta cohesion y ¢l dngulo de friccion interna del

suelo, asi como la presion de poro.

El método de cilculo que se describira es el método de las dovelas, sugerido por Fellenius v ampliamente
empleado en anilisis practicos en el caso estitico.

L.a descripcion se hard con base en la figura siguiente.,

UCo BE FALLA

(a)

2\
Gy
=

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 parte (b) de la misma figura aparece el conjunto de fuerzas que actian en
una dovela, cuando la masa deslizante estd situada sobre el nivel fredtico y no se toman en cuenta fuerzas de agua
en el andlisis. 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 §, actuantes en los lados de las dovelas, dependen de las caracteristicas
esfuerzo-deformacion del material y no se pueden evaluar rigurosamente; para poder manejarias es preciso hacer
una hipétesis razonable sobre su valor.

La hipotesis mas simple a €ste respecto es que el efecto conjunto de las cuatro fuerzas laterales es nulo y
que, por lo tanto, esas fuerzas no ejercen ningin papel en el anilisis; de hecho ésta fué la hipétesis de Fellenius en
el procedimiento de cdlculo original que presentd, que equivale a considerar que cada dovela actia independiente

de las demas 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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N,

L,
el cual se considera una buena aproximacion al valor de o,, que es el esfuerzo total medio actuante en ia base de

la dovela. Con éste valor de o, puede emtrarse a la ley de resistencia, al esfuerzo cortante que se hava encomrado
para el material (por lo general en éste caso, una ley ligada a los esfuerzos totales) y determinar en elia el valor de
s,. Tesistencia al esfuerzo cortante media disponible en el arco L. i

Ahora se puede calcular un momento motor en torno al punto 0, centro del circulo elegido para el
anélisis, correspondiente al peso de las dovelas; éste momento sera:

M= RI|T|

Nétese que la componente normal del peso de la dovela N, no da momento respecto a { por ser la
superficie circular y pasar por 0 su linea de accion. Si hubieren sobrecargas en la corona del talud. su efecto se
incluiria en la sima de la ecuacion. Nétese también que la suma en la ecuacion anterior, es algebraica, pues para
las dovelas situadas mas alld de la vertical que pasa por 0, la componente del peso actia en forma contraria,
tendiendo a equilibrar la masa.

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

M,=RLs L

s una suma aritmeética, pues la resistencia siempre actda en el mismo sentido.

Calculados M, v M, se podré definir un factor de seguridad:

- Mr ZSJLI
v 7]

E! método de cédlculo desemboca naturalmente, otra vez, en un método de tanteos, siendo preciso
encontrar el circulo critico, con el factor de seguridad minimo. Se deberan analizar tanio los circulos de falla de
pie del talud como los de falla de base.

En Ia ingenieria de suelos es comin 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 dltimo es el valor que por lo
comin se recomienda en la literatura para taludes en general.

Con frecuencia se presentan en la practica taludes formados por suelos estratificados. La masa deslizante
se podra considerar dividida en dovelas, dibujadas de manera que ninguna base de dovela caiga entre dos estratos,
sino que cada dovela caiga sobre un sélo material. El peso de la dovela deberé calcularse con sumandos parciales
multiplicando la parte del area que caiga en cada estrato por el peso volumétrico correspondiente.
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Aplicacién del Método Sueco a taludes en sue
los estratificados.

El problema se puede resolver utilizando para cada dovela la ley de resistencia al esfuerzo corante que
corresponda, de acuerdo con la naturaleza del material.

El resto del desarrolic del método es andlogo enteramente al que se vié para taludes homogéneos. El
problema se debera resolver siempre por tanteos, pues para éste caso no hay graficos de uso comin La bdsqueda
del circulo se podrd facilitar bastante si hay estratos mucho menos ¢ mucho mas resistentes que los demis; en el
primer caso, es probable que el circulo critico sea el que tenga el maximo desarrollo en el estrato débil: en el
segundo, probablemente serd tangenie al estrato resistente, pues al penetrar en €l se incrementaria mucho la

resistencia media.

6.2.- Casos Distintos.

Debido a la corta duracién de éste curso, no se podré profundizar en los casos en que el anilisis haya que
hacerse con esfuerzos efectivos, para taludes situados total o parciamente bajo el nivel fredtico o sometidos a una
condicién de flujo. Este tipo de andlisis habra de efecmiarse con base en esfuerzos efectivos, que se obtengan de
una prueba triaxial con consolidacién v con drenaje (lenta} o con consolidacidn y sin drenaje (rapida consolidada),
que se realice con medicidn 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 continuacion es una resefia de los procesos constructivos que
mas comunmente causan problemas.

I.- Modificacién de las condiciones naturales de flujo interno de] 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 estratificacion desfavorables por relieno.

4.- Remocién, por corte, de algin estrato delgado de material permeable que funcionara como un manto



Aumento de presiones de filrracion u orientaciones desfavorables de fuerzas de filtracion al producir
cambios en la direccion del flujo interno del agua, por haber practuicado cortes o construido rellenos.

Exposicion al aire y al agua, por corte, de arcillas duras fisuradas.

Remocidn de capas superficiales de suelo por corte, lo que puede causar el deslizarmento de capas del
mismo estrato ladera artiba, sobre mantos subyacentes de suelo mas duro o roca.

Incremento de cargas hidrostaticas o niveles piezométricos bajo la superficie de un cone al cubrir la cama
del mismo con una capa impermeable.
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8.- Caso Practico.

A continuacién se presenta un caso practico, a través de un talud en proporcién 2:5 (horizontal-verncal),
en donde se han propuesto cuatro circulos de falla.

Los circulos 1 y 2 corresponden a fallas de base en diferentes proporciones.

El circulo 3 es una falla intersectando terreno de cimentacién y el circulo 4 es una falla de cuerpo de
talud. .

Se analizé la estabilidad de taludes modificando las propiedades gravivolumeétricas y de resistencia al
esfuerzo cortanie de el suelo que compone el estrato N° 1 (superior), considerando condiciones dramaticamente
desfavorables para el estrato N° 2 (inferior}.

Los resuitados pueden observarse en las tablas anexas.
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Analisis de Factores de Seguridad para el Talud Propuesto como Ejemplo.

e T

——

Estrato 1 Estrato 2
Peso Volumétrico (y), ton/m* L6 1.1
Cohesién (C), ton/m?* 2.1 0
Angulo de Friccion (¢), grados 10 22
Circulo N° Factor de Seguridad Observaciones
1 1.51 Valores caracterisucos estrat |
2 1.32 de un hmo arenoso “tepetate”
3 1.29 compactado defcientements
4 2.08
Estrato 1 Estrato 2
Peso Volumétrico (y). ton/m® 1.6 1.1
Cohesién (C), ton/m? 3 0
Angulo de Friccién (¢), gradoes 15 2
Circulo N° Factor de Seguridad Observaciones
1 2.14 Valores caracterisncos (estrato |
2 1.78 de un himo arenoso "repetate”,
3 1,52 compactado al 90 0 95 %.
4 2.89
+
B PO e L Estrato 1 Estrato 2
Peso Volumétrico (y), ton/m® 1.133 1.1
Cohesién {C), ton/m? 1.27 0
0 de Friccién {(¢), grados 374 22
' Circulo N° Factor de Segunidad Observaciones
‘1 1.24 Valores promedio de arcilla de
2 1.11 ongen lacustre (simlar a la zona
3 1.25 Aragén-Lago de Texcoco)
4 1.69
Estrato 1 Estrato 2
Peso Volumétrico {y), ton/m* 1.566 1.1
Cohesidn (C), ton/m? 9.1 0
Anguloe de Friccidn (9), grados 13 22
Circulo N°® Factor de Seguridad Observaciones
1 6.03
2 4.5 Valores extremos de un material
3 2.96 himedoe y compactado casi al
4 8.65 mixima
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IX CURSO INTERACIONAL DE CONTAMINACION DE ACUIFEROS
MODULO II1: Modelos Matematicos en Gechidrologia.

Tema: SURFER.
1.- Introduccién.

El programa SURFER, versién 4.12, generade por Golden Software. Inc. se presenta en éste modulo
como una herramienta indispensable para la ingenieria, por su capacidad de convenir una matriz de vectores de
posicion tridimensional, en un mapa de contorno o en una representacion de superficie tridimensional. para su
almacenamiento en disco, para su presentacion 0 para una impresién en dispositivo externo.

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

Tales programas son:

a) Utilerias:

ALTERSYM.EXE |Programa de modificacién de los juegos de simbolos (Svmbol Set).

GRAFIT.EXE Generador de graficos por medio de una hoja electrénica de gran simplicidad para salida en
formato .PLT.

GRIDCONV.EXE |Convierte mallas (grids) del Microsoft Basic al formato 1EEE.

INSTALL.EXE Programa de configuracién de dispositives externos.

b) Programas-Niicleo:

SURFER.EXE Sistema de acceso por medio de menus para accesar los miiltiples programas y utilerias del
SURFER.

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

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

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

UTIL.EXE Es un programa que realiza varias funciones en archivos de malla generados por GRID
{incluye las funciones de las utilerias SLIDE y VOLUME en versiones anteriores de
SURFER). - . -

VIEW .EXE Muestra un archivo de impresion (plot) generado a partir de TOPO o SURF. El diagrama
puede ser modificado dimensionalmente (pan y zoom).

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




2.- Programa GRID.

2.1.- Generalidades.

Como ya se menciond anteriormente, el programa GRID genera archivos (en formato bmnario o ascn)
para ser leidos por porciones de codigo subsecuentes, con otras funciones colaterales.

El programa contiene opciones relativa a la creacion de una malla a partir de una matriz de vectores de
posicion (asociados a un sistema rectangular de coordenadas), generada de manera irregular o a traves de una

funcién matematica.

Por ejemplo, el programa GRID podrd procesar ternas de valores reales o enteros y asociarlos
internamente con un vector de posicidn en un sistema coordenado rectangular XYZ. De igual manera, podra hacer
uso de un sencillo editor de ecuaciones de dos variables para generar las ternas de posicion: asi que podra definir

una funcién continua z = f(x,y).

Usualmente el primer paso consiste en incorporar ternas al programa GRID. La opcidn Input aceptard
datos tanto del teclado como de diferentes tipos de archivos de datos. Después de aceptados los datos. las otras
opciones del menu consisten en controlar el proceso de generacion de malla regularmente espaciada.

2.2.- Métodos de Generacién de la Malla.

El programa proporciona dos métodos diferentes de generacion de una malla regularmente espaciada, el
método del inverso de la distancia y el método Kriging. E! método de! inverso de la distancia es mds rapido pero
no representa los datos originales tan precisamente como el Kriging.

El mérodo del inverso de la distancia utiliza una técnica de promedio ponderado para interpolar los nodos
de 1a malla a partir de los vectores de posicion. Las influencias son inversamente proporcionales a las distancias a
los nodos. Ademas, las influencias pueden elevarse a una potencia para incrementar ¢l efecto de la funcién
ponderadera. El inverso de la disiancia al cuadrado es el método mas comin.

El método del Kriging utiliza técnicas geoestadisticas para calcular la autocorrelacion entre puntos y
producir una minima e imparcial variancia estimada. En teoria ningun otro método de generacion de mallas puede
producir estimados més precisos. En practica, la efectividad del método del Kriging depende de la correcta
seleccion de varios pardmetros. Tales parimetros son estimados por ¢l GRID y pueden no ser exactos. Aiin asi, el
Kriging produce mapas mas precisos que los generados a través del método del inverso de la distancia.

2.3.- Métodos de Normalizacién de 1a Malla.

El programa proporciona dos métodos de normalizacién o uniformizacién de las mallas generadas, el
método matricial y el método de ajuste. R :

El método de normalizacién matricial evalia una matriz de normatizacidn sobre la malla existente para
promediar aquellos puntos de la malla mas cercanos a cada punto de 1a malla que va a normalizarse. La matriz se
especifica por el nimero de columnas y de renglones a cada lado del punto de la malla a normalizarse, asi como la
influencia al punto central de la matriz.



1 + + + + + + +
2 + x X X X X +
3 + X X 0 X X +
4 + X X X X X +
5 + + + + + + -+

En el ejemplo anterior, los signos + representan los nodos de la matla, mientras que las x y'las o
representan a la matriz de normalizacién. La malla es de 5 renglones por 7 columnas, mientras que l1a matriz de
normalizacion es de 3 renglones por 5 columnas. El nodo de la malla que estd siendo normalizado estd en el
renglén 3 y la columna 4.

Cada nodo de la malla bajo una x serd ponderado por el valor de la matriz de normalizacion y
promediado para obtener un nuevo valor para el nodo central de la malla. La mairiz cambiara por ello v el proceso
se repetira hasta que la malla entera se normalice. Notese que las orilla de la malla no estan definidas ¥ quedaran
sin cambio.

Para una normalizacién ponderada no por la distancia, los nodos x tendrin una influencia de 1.0 v el
nodo o se le asignara como el punio central de la influencia. En la normalizacion basada en la distancia, se le
asignardn influencias a cada x basadas en el inverso de la distancia al centro, elevadas a la correspondiente
potencia.

En el mérodo de ajuste, la normalizacion se basa en el ajuste a través de un polinomio de grado ctibico
para interpolar nuevos valores entre nodos existentes de la malla. Esto incrementa la densidad de la malla
permitiendo contornos y superficies mds suaves. Los factores de expansion en X v en Y se refieren al mimero de-
puntos a insertar entre los nodos existentes en las direcciones X y Y respectivamente. Este tipo de normalizacién’
podria incrementar las bajas y altas de la malla original.

* * * * * .

' S
* * * * *
* * * ® *

En el ejemplo anterior, los asteriscos representan la malia original de 3 por 5. Los nodos representados
por los punios fueron interpolados usando una normalizacion por medio de un ajuste a una curva polinomial
cibica. 1 puntos fué calculado entre cada nodo en la direccién X y 2 puntos fueron calculados entre cada nodo en

'1a direccion 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 menids. El trazo del
contorno puede observarse en el monitor de la computadora. mandarse a impresiéon o mandarse a un archivo. Los
parametros de generacion del mapa de contorno y de impresion pueden controlarse en su totahdad por el usuano.

Los datos-de la malla deberin estar en el formato utilizado por el programa GRID, el cual estid en formato

ascii o en binario. El acceso al programa TOPO podra ser desde la linea de comandos del DOS o desde el meni
del SURFER.

>



4.- Programa SURF.

Este programa es un programa interactivo, controlado por menus que produce representaciones de
superficies tridimensionales para su salida a la pantalla. 1mpresora, plotter o archivo. la entrada para esie
programa esld conformada por los archivos de extension .GRD generados por el GRID en base a datos
_proporcionados por el usuario.

A semejanza del TOPO, el SURF contiene una gran cantidad de opciones aliernas. como ejes, colores.
titulos, complementacién con otros graficos, opciones de control de generado de superficies ¥ muchas otras
opciones. )

5.- Programa UTIL.

Este programa realiza varias funciones en archivos de malla generados por ¢l programa GRID.
Entre tales funciones, se pueden encontrar las siguientes:
Volume: Calcula volumenes de sélidos generados por superficies limitadas por una malia.

Slice: Genera secciones de una superficie limitada por una malla para un archivo BLN o para un
archivo de datos para GRAPHER.

Residuals: Calcula los residuos de un conjunto de datos de una superficie limitada por una malla
Convert: Convierte un archivo de malla a un archivo de datos.
Area-of-
a-Surface: Calcula el drea superficial de una malla.
. Environ: Especifica la configuracion del hardware.
Volume.

Este programa calcula ! volumen neto entre las superficies definidas (superior e inferior). calculandolo a
través de una doble integral, evaluando la diferencia entre el volumen positivo y el velumen negativo.

Métcdos de calculo.- Para el cilculo del volumen neto se utilizan tres métodos: Regla del Trapezoide, la
Regla de Simpson y 1a Regla de Simpson 3/8 (véase anexo). Para un estimado de los errores, pueden compararse
los resultados de los tres métodos.

Atencién: Los resultados dependen de las superficies de malla proporcionadas, si la superficie es obtenida

tan sélo de un pufiado de datos o bien contiene mucho fuido, los resuliados de aplicar éste programa no tendrian
sentido.

Slice.

b Dado un archivo en el formato de Linea de Frontera (BLN) que contenga lineas que crucen una region
especificada por una superficie generada por GRID, produciri lo siguiente:

Un nuevo archivo de frontera BLN con puntos insertados por cada cruce con lineas 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, ..



Residuats.

Residuals calculard a un archive de malla generado por GRID. ¥ un archivo de datos. generard un
archivo de datos de residuos de la superficiey proporcionard la media y la desviacion estandar de tales residuos.

6.- Programa VIEW.

El programa VIEW es un subprograma que le permite observar detalles del grifico generado (mediane
sencillos comandos de "zoom™ y “pan"}, asi como permitir la generacién por pasos. Esto és. observar medianie
control del usuario, la generacidn de las lineas que componen el trazo,

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

7.- Programa PLOT.

Este subprograma genera salidas a impresora, plotter o archivo previo procedimiento de "opumizacion”,
convirtiendo ¢l archive de salida .PLT generado por TOPO o SURF en un archive .OPT, preparado para la
impresora o dispositivo especificado en la configuracion del programa PLOT.

Dentro del programa PLOT se pueden controlar varios parimetros, tales como factores de escala,
posicion del grafico dentro de la pagina, el formato del archivo, el nimero de digitos de exactitud del trazado, etc.



APENDICES.

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

El SURFER trabaja con una serie de archivoes, formateados para una funcion especifica. tales archivos
son diferenciados internamente mediante una extension caracteristica. En la tabla siguiente se muestran taies
exiensiones con una breve descripcion de los archivos, asi como su génesis y utilizacion.

Exiension Uso

.PLT Archivos de trazo (plot) de cualquier indole, bien generados por TOPO como por SURF. Son
leidos por PLOT o dentro de las utilerias de impresion de TOPO o de SURF (que no son sino .
llamadas a PLOT), para ser procesados.

.OPT Archivos de optimizacion para lmpresmn Son procesados por PLOT y listos para su envio a los
dispositivos generadores de impresion.
SYM Archivo que contiene un juego de caracteres en un determinado tipo de letra. Pueden crearse v

editarse mediante utilerias.

.BLN Archivo que contiene las denominadas "lineas de frontera”, que pueden ser en cddigo ASCIl v
que representan un poligono bidimensional que se implania en un mapa de contorno o en la
generacion de una superficie. Puede generarse externamente al SURFER.

.DAT Archivo que contiene datos (vectores de posicion, locatizacion de puntos, datos para un contorno
o vértices de un poligono); puede estar en ascii o en binario. Este tipo de archivos son ieidos por
GRID, SURF y TOPO.

.GRD Archivos que contienen (en ascii o en binano) la malla regularmente espaciada que serd leida por
TOPO o por SURF y que es generada dnicamente por el GRID.

Apéndice 2.- Meniis de Ayuda.

Todos los programas del SURFER (programas-micleo) contienen un memi de ayuda (tecleando F1), asi
como una ayuda sensitiva al contexto.

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

[=rh ]



Apéndice 3.- Requerimientos para el SURFER.

El SURFER puede copiarse integramente en un disco de 3.5 pulg. de alta densidad (1 44 Mb} v
ejecutarse en la unidad de disco flexible de cualquier computadora serie 286 y posierior sin ninguna dificultad. Tal
computadora de preferencia deberd contar con 1.0 Mb o mds de memoria RAM.

Probablemente no tendré usted problemas para desplegar sus diagramas en el momnitor, puesio que entre
las versiones de configuracién que el SURFER presenta. se contempla un driver automdtico de deteccion de modo
de video, asi como los drivers tipicos para los modos CGA, EGA v VGA, asi como para los modos Hercutes 3
Olrvetti.

Esta versidn no soporta (que listima), mouses ni tabletas digitalizadoras.

De igual manera, en el programa INSTALL de esta version, se contemplan 84 impresoras v plotters de
las mais variadas marcas, incluyendo las impresoras Epson, Okidata, Star, Hewlett Packard, tanto de matriz como
laser, aunque de manera bastante general. Asi mismo, se presentan opciones para puertos de salida, serial o
paralelo, la velocidad de transmision para el puerto serial y 1a eleccién de plumas para los plotters.

-1
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Apéndice 4.- Topicos Relacionados con la Evaluacién de Volimenes.

1.- Cdlculo de integrales.

. Aunque la existencia de la integral de una funcion contmua se asegura facilmente por medio de Ia
aplicacién de los teoremas fundamentales del cdlculo, la evaluacién o "cuadratura” de dicha mtegral no puede
realizarse medianie funciones elementales, salvo en casos relativamente raros. Deberdn desarrollarse, por
consiguiente, métodos de integracion numérica y también de estimacion de la exactitud de tales aproximaciones
NuUmEricas.

. Para catcular en forma aproximada la integral

b
J =] fax
con a<b, se subdivide ¢l intervalo afxfb en n partes iguales, cada una de longitud h=(b-a)/n, mediante los n+1

punios »

x.=a+vhnh=b-av=01{4 ... .

Entonces,

donde

Jo= j fixjax

Lot

El problema de calcular la integral J queda reducido al de obtener buenas aproximaciones para las areas J, de
anchura h en las cuales se ha dividido el drea total represemada por J.

1.1.- Aproximacién mediante rectangulos

La aproximacion mas directa, sugerida por la definicion original de la integral, conduce a la relacion

J=S 0 h(fi +/.)

donde por brevedad, se ha hecho

f.=fix,)

1.2.- Aproximaciones refinadas - Regla de Simpson.

_ Una mejor aproximacion se obtiene casi sin esfuerzo adicional si las dreas J, se aproximan, no mediante
franjas rectangulares, sino mediante trapezoides angostos. La férmula de aproximacion (formula del trapezoide) es
entonces

[
X



h 1
J_ SIS F L a5 5B = S

pues cada valor de la funcién, excepto el primero y el dltimo, aparece dgs veces.

Finalmente, se menciona la famosa aproximacion de Simpson, la cual, con poco mayor trabajo conduce a
una aproximacién mucho mis precisa si la cuarta derivada de f existe y es uniformemente acotada en el intervalo

dado. -

La formula de Simpson paran = 2m es

. :
J__i(f;;fs"'f5+...';‘fzm.1)""2_;1-(f3;f4"—f6"k---';'f3m.3);—g(fg*fgm)

Tomado de:

R. Courant y F. John.

"Introduccién al Cilculo y al Anélisis Matemético”, Vol. 1.
Cap. 6, Mérodos Numéricos. pp. 501-505.

Ed. Limusa, México, 1971, 12 Ed.
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\ SURF Menu l
U S
SURF 15 an inezactive . menu<ifiven graphics program (hal produces three

dimensional surrace representations for ourpul 1o Lhe sCreen priner or

oiotter  Gridded data in ive 1ormat used bv the GRID orogram 15 trour rom
data file (n enner ASCH or binars tormat  The 1aSIESt way 10 view a pip

sn a grapmics screen rrom DOS 15 to tvpe (e command

SURF filename

and press tuncuon key F2  filename 15 any grid filc praduced by the GRID
program. and may inciude an optional dryve and path | the extension s
omired, GRD will be used The surface plot will appear on the screen using
default values for the contour and piot parameters  To modify the defaull
values press Esc 10 resurn to the Main Menou

loput Menu
Y ou mav specity the name of the tnput grid fiie and whether 10 mnput the enuire
file or a part or e file correspond:ng 10 a subgnid
input grid file The wnpos grad file must e a valid DOS filespec consisting
of an optional drive. oprional pach, filerame, and opoonad
exiension  [f the extension 18 omieed, .GRD 1s used. The
file 15 Tead when the popup meu 13 exited.

First and Jast  These oprions are used to specify a fectangular subgrid from

rows and columns e orginal gnd file  Rows and columas are numbered
sarung with 1. The default values of | and 32767 will read
the entire gnic.

View
Prorection Orthographic projecuion is bewer when measurements are to be
waken off tne surtace  Paralie! lines will remann paraliel The
perspeclive projeciion creates a visual effect similar to thar of
the hurnan eye  Paratlel lines appear o converge at a distance
similar 10 railroad iracks at the horizon

Rowauon  This 1s the number of degrees trom tne positine X axis  The
Surtace appears lo rotate clockwise or cquivaléntly the viewer s
eve appears (o roate counterClockwise  O=looking west 90=south,
1BU=eas1 270=north.

Tilt TilL specifies ihe angle abov: or below the X-Y plane. from
which the surtace i3 10 be viewed. The default of 30 degrees puws
the viewer's eye 30 degrees above the plane

Surface-Eve  Distance of the viewer's eye 10 the center of the surface

Disance This parameter 15 used only with perspective projections. and
must be large enough so the eye falis outside a circumscribing
sphere around the surface. The perspective effect increases
with decreasing distance. Note that small distances may cause
hidden tine errars.

Remove higden  Answer Yes to remove [ines hidden by surface feawres closer
iines © the eye. No will bypass thwe bidden line removal and plou
all lines as though the surface were mansparenl

Visible surface Enter Upper 1o plot lines only on the top of the surface. Lower
1w ploL only the lower surface and Both to plot both the upper
and iower surfaces.

LineTyp
Plot constam To plot lises of constant XY and Z enier any combingnion
xXY.2) of the 3 leners X.Y, or Z  Lunes of constant Z wl create

a stacked comowr piot, XY hincs erealc a fishnet plot
Lime color Ineger from 110 15

Minimum Z contour I siacked contour fines are to be plotted, the user may

Maximum Z contour specify the imis and the 1merval between conzours, The

2 contour yuerval interval must be posditive, and the mmimum < = maximym, A
maximum of 200 contour levels wikl be ploted

Levet file |.DAT] ASCII file contamning grbutrary values for the levels of
stacked contour hines  Vatues nesdn”1 be ordered nor
equally spaced. 1f this file s specificd. the previous
three respomses (man, max nterval) arc ignored, and
ierval 1s set o *N/A®, A maximum of 200 kevels are
allowed.

Draw border This opption 15 1n effect f only Z contours are ploted

Z Color zone file [ CZN) The user may specify a file coniining information

{or color zones  For exampie, if the file contaims
the following three lines

500 5 then color 518 uted (f 2 >m=500
00 2 color 2 s uted 1T 500 > Z0> = 3 0,
1o 1 color | s used 1 300 > 2 > = 100,

and, the color 15 undefined f  Z < 100

-

-

Hence, a cootour of level Z = 40 () wiil pe protted 1n ¢oior 1 v wall -
conour of levef 2 = 300

The values 30 the file are sofed In Increas ing ordef 01 2 30 vou my EMe
IhE (IACS IN ANy Ofder bul 1L 1% Wwise [O entet them in EILher Increasing @
BECTEAS IR OTOET 10 IEssEN W chance Of 2 Mistane

WHR O COLOE CHOICES CONSIGETIRE TNE COHOPS 3valabic ON INT Oulul dev i
2 nICe SpEElTum Of COIOTY M De Creased wiln reds for highs 1or xampis, anc
biues for lows

Base
An opague Dase may be added 10 102 PIOX L0 give She SUTTACE 2 sohd Bituh
effect

Plot base  Epter Yes o plof 3 base

Base heaght  Automatic will set the base height 10 1he mImmur £ vaiue of e
Input grid  Atlernatively Lhe base height mas 6¢ speciiicd
change the thickness of the base  Larpe nogalne vaiues ma.
tesult 10 a plot that docs not fit on the screen whiie large
posiive values may resull sn a skirt which QDICuUres the suriacc
Large bases may requare the eve distance 1a the Yiew menu s
be imcreased.

Plot vernical These vertical Lines are drawn rom the surface 1o the botom
base lines  of the base and are spaced the same as the X and Y mesh lincs

Basc color  Any integer from 1 so0 15

Text
This menu allows the user 1o specity toxlual INFOrMation tor the pho!

Select To Specify
PlotTule  a title and s placement ang appearance.

AxisTiles  border tues (axis (ptles) and Lheir appearance
EdnText  1exi blocks and their placement and appearance
RetrieveText a file 1rom which (o tetrieve text block intormauon
Legend alegend and ns placcament and appearance

Title -
Plot Tile may be 9 10 79 characters (quoles are not needed)

Symbaol set For help. select Symbols above
number

Title Aulo will center the tile besow the map, Altermatvely the

posiion  user may specify the coordinates. in inches of the lower len
corner of the first character of the ttle The mile may also be
positioned by pressing All-T while view i the piot on the
screen

'Anglc 15 any valuc i degrees  The angle 15 measured counterclockwise

from the +X axs E g O=horizonul, 0= verucal up
Heaght 15 any postiive value ininches. [T 100 small the title mav not
be readable If 1o Jarge, 1 may not fit on the plou
Color 15 any ycger from | 1o 15

AxisTithes
Titles may be 0 to 79 characters (quotes are nol needed?
To remove the uilie, delee all characiers with the Del key

Symbol se1 For help, select Symbols from the help meny above
number

Height 1s any positive value 1n inches. If too small, the ttles may
not be readable  1f 100 large, 11 may not (it on the plot

Tule-label Any number, in inches.
disrance

Coior if:ny mieger from ) o 15

EditTex
The user may edu. creale. of delewe wext blocks To

creste  emier 3 current text block number greater than the largest extant
ext block number

delewe  arswer YES to the delere prompt.

edit  mnother wext block, enicr a new value for current iext block

Symbal tet  For help. select Symbols from the help menu above
number



Height 18 &y positive vaiue ininches  If 100 srmall the exr may

not be readabie. If o arge. it mav not fit on the plod
Coior 15 anv nweger from | to 15

Texi Auro will piace the ext 10 1ne right of the plot Aliermaovely
posion  ne user mav speciis the coordinates of lower lett corner of e
first character ot the text  The 1ex1 may als0 be posinoned by
pressing All-M whiie viewing the plot on the sereen I there
1s more than one text block on the screen, the text must be first
captured by moving the crosshairs close 1 the lower lefi corner
of the first characier of the text, and pressing Al-C - The
1ex1 may also be sized (+ and -3 and rowated {Ak-P for
counterclockwise, Alt-N for clockwisc rotalion) on the screen

Toedit  Move the cursor down 10 the desired line of text and begin texi
ex{ entry To delete, use either Del or Back-Arrow  To msert,
press Ins 1o toggle 1nto wnsert mode, press 1t a second nme @
exit nsert mode  (TvpeOver 15 1ne detault mode v Use Home ama
End o g0 o e DegtnMINg Or £nd of 3 hine.

Special  Ceraun Ali-Keys have special funcuons for text enry. {including
Kevs titles) See Keys. page 2 for more nelp.

RetrieveText
* ou may specify the name of the nput ext file and what 10 do with existing
1exi blocks

Textfilc  The input text file mus? be a valid DOS filespec consisting
of an oplional drive, opional path. filename, and optional
extension 1Y the exiensson is omatted, . TXT 18 used, If
she path is omited Lhe path (if any) spectfied by the
DaaPath opuion uader Environ 15 used  The file 15 read when
the popup menu 15 exated  The file must be in the tormar
specified for [ TXT fiies

Fale read Lt 0o 1ext blocks currently exist, this option has no affect

mode if sext blocks do exis1 Append will read in the 1ext blocks
o the following empry blocks, shafting the index aporopraatety.
DeleteFirss wslf delete all current text blocks before readsng
OverWrite will modify any exisung text blocks with the new
information  For details see the manual. If an attempt 1§ made
1o read more t=xt blocks than the maximurn. those blocks wiill be -
1gnored

Legend
Piot Emter Yes 1o plol the ortentation legend  The legend
orientation 1ljustrates the okation of the surface about the Z axis.
{egend

Legend Auto will center the legend near the lower right corner of the

posiion. plot  Alternanvely the user may specify the coordinates 1
inches. of the lower left corner of the tegend  The legend may
also be posinoned by pressing Alli-L while viewing the plot on
the sereen

Legend 15 any imeger from | to 15
Color

< Axes
The user may select w0 draw and label any or all of the X_ Y, and Z axes. The
axes and axis tcles are ploned mnthe XY, X2, or YZ plane,

Plot Axs  Emer Yes to plot the axis and optional 1ic marks and utie

Axis color  Inieger from Lo 5.

Axis symbol set Character sel for the labeds. See Symbols above for help

Axis plane  This 1s the plane tn which the «c masks, tyc mark labels, and
axus title are drawn. The ioilowing uble 15 used

Aus | Auo | Normal | Flipped
| ult<10 | tile> =10 | |
[ | ! |

XZ | XY | XY } Xz

X |
YL Yz | XY | Xy &t YZ
Z | we Z and ¢losest axis (X of Y) ] reverse of Auto and Normal

Tie distance $pacing between (it Marks 1n data unils

Labeted e Aueo well place labels so they do not overlap Emry of 5 for
frequency  example will cause every Sth tic 1o be labeled

Label format Select Format above for help

Labei angle Angle of labels relative to the axis 1n degrees. 00 will piot
labels n same direcuon as axis, $0.0 will plot perpendacular

T to tabel Any number, in inches. This and other inch specifications
distance  below are relative to the projection usé.

Label height Positive number, in inches.

~3

Suze
The plot may be sized 1N (w0 AIfections

norizontalhy  The lengih of the piot pase (XY nancpes mas be SPvsatic,
Einer specit Lengtn ot jongest 3ig¢ 01 pase in shines
o, Numboer of gata units pet inch
The product 01 the w0 values 15 the iength al the [ONEEs S1a
In data units. Hence. only pne of these mav be specined Tne
shorter side 13 Octermined proporionally

veriically  The plot mav be exagperated veriacally by specifying the
Z scaie tactor
The current Z scale 1acior 1§ given on e sereen
Adiusi this TRCtor upwards of gow nwards 1o (ncrease O decrease
the verucal exaggerauon  With Aulomatc the Z scaie lacto:
15 Chosen to create a surtace half as 131l as Lhe Jenpth o Lhe
dugonal across the XY plane

The user mav specifv 2 CONVETSION racior where th¢ & and ¥ wais dite, Fo

exampie. Il the ¥ unIts are Yards and te A uniis afe tec: the used San enict

the value of 3.01p specifv that | O Y umis equal 3.0 X units .
XYLune

The boundary file 15 an ASCI file used for drawang hine segments or he piol,

The file may contain ane or more series ot connected lines, and 1s 1n the same

formal as the biankimg files used mn the GRID program.

Mo hidden itne removal 1t dore on the lene segmenss  The dines are anchored”
10 the surface oniy a1 the vertices specified in the file  Long sepments will
Tequire tmermediate points 1 tlosely follow the surtace

£ach line 15 described by a set of veruces in the boundary filke  The nrs:
row of the fiie has 34 least one value  This vatue 1s the number ot porns I,
spectfying the ine, The next N rows of the file contain the coorginates ot
hese polnis, each row contaimng two values, an X and Y coordinate w1 aawa
units

Ezarmpl:
4 (4.1
00 yields |
150 the [
o2 triangle [BY
o0 {0,0) h(1.5,0)

Post
This menu allows the user 10 specITy PoSHNE IRIBFManon rar the plot

Scleet To Specify

EditPost  posung biocks. including their creation and deletion
Sclecuon of EdatPost the first nme will automatically create
the Dirst posting black -

RewrevePost a file from which 1o retrieve posting block intormaucn

EditPast
Pest data poins Emer Yes 1o plot daia points, tndicaied by a vertical line
from the data pownt kocation on the surtace 10 a label  No
hidden hine removal 1s performed on the tabels or vertical
tines,

Posung file  The posung file must ibe a valid DOS filespec consisung of
an opioral drive, opuonal path, filename, and opuional
exzmsion I the extension s omitied, .DAT s used
This ASCII file conans the data 10 b posied with an X
coordinate. 3 Y cooedinate, and a label.

X.Y and Lape)  These are the columns of the file conarning the X and Y
columns coordimates, and the label to be plotied a1 the X, Y
coordinates.

Label format  Formai to print labeis 1n  Characier format wili prim
the labeis exacily as they appear in the file, Selec:
Formas above for more help on numeric formais

Number of digns Used when Label tormas 1s set 10 2 numeric tormag

Label symbol set For help, select Symbols from she help menu above
Label heighi  The heaght of the posiing label in inches

Label angie Angle of the fabel about s bottom lefr corner in degrees,
Label color Integer from | o 15,

Relanve posiion Relatve X, Y coordiraies m inches, of the botlom ket corner
of the label a5 measured from the wop of the vertical hine.
As anexampic. .5.1. will plot the bouom lcfl corner of each
labe) O 5 inches to the right and 1.0 inches above 1he top of
the verucal ine from the data point,

Length of label  Length of the vertical hne 1n inches, from the data pont
hne tnmches  location on the surface 1o the label



RetrevePost
You mav specify the rame 0f the 1rput post file and what o do with existing
s blocks

Post file  The input post file must be a valid DOS fuespec consisung
of an optional drive ppuonat path  filerame. ang opuonal
exiension | the exiension s omitied, PST s used It
the path 1s oMulsed i path {4t any) specified by the
DataPath opuion under Enveron 15 used  The file 15 read when
the popup menu 18 exited  The file must be 1n the 1ormat
specsiied for PST files.

Fue read  If no post blocks currenily cxist this option has no affect

mode 1f post blocks do exist. Append will read in the post blocks
into the following empry blocks, shifting the index appropruately
DelereFirst will delese all currem post blocks before reading
OverWrite will modify any existing post blocks with the new
intormation  For detals. sec \ne manual | an amempt 1 made
10 read more post Blocks than the maximum, those blocks will be
ignored

Onatput
Creaie a plex file of the curvent surface plot. Optiorally, send output 1o a
prirter o plotter via the PLOT program

Name of plot file Specify the optional drive, optional path. filerame. and
opuonal exiension of the plot file o create
Scale facwr  Scale factor for the entire piot. For example. 2.0 will
make the plov twice as big
Page posinon  Postion of the enure plot m inches. from the bottom left
corner Mav be used 10 offset muliple plots when appending
Plot fije tormat  ASCIl may be read by any wext editer  Binary 1s efficient
File wrue mode © Overwrige wiil cause the ploi o be wrigen over any old
nforranen inabe file (hence deswroying 1tk Append will
wTHE the current plot al the end of the specified plot
file Lf the plot file does not exisi. a new onc will be
created
MNumber of dectmal Accuracy in decimal digies of values i the plot file This
digus in file  value should reflect the resolution of the aulpl devace.
Sendplotto  Answer Yes to call program PLOT from withun SURF. PLOT
nsualled device  immeduately begins plotting on the 1nstalled printer or
plouer Be sure to imsall PLOT first

On-Screen Viewing
Select speciat funcuron key F2 (o plot the current contowt map  Press any
key except £sc 10 begin on screen degmizarion and editimg - Move the
crosshairs with the arrow kevs  To change the movement step-size of the
crosshairs, press any number from 1 (smallest siep) 10 9 (largest step)

To move the nitle, use the crosshairs and AleT  Only the last posinon of
he ttje will be stored  The coordinases of the new titte location will
appear 1n the Tuie pop-up Move the legend in the same way a3 the wtile, b
use Alt-L i place of Al-T

On-Screen Text Block Positioning
To move a 1cxt block, first caprore it using Ali-C. Place the crosshairs
close 10 the lower [eft corner of the wat block and press Alt-C - Then move
the crosshairs to the new locaion ang press Ali-M  The text block will be
redrawn with the lower lefi corper at the crosshair locauon,

Afier a 1ext block has been caprured. the size may be mereased by pressing +
Simalarly, - will decrease 1ts $1ze, Alt-P will rocaie positively {couner-
clockwise) and Alt-N will rotate negatively  The rownon sieps may be
increased or decreased by pressing the numbers from | to 9 as tor movement,
9 represents the larpesi roation, of S0 degrees, 8 pives 45 degrees, 7 gives
22.5 degrees. and 5o forth

The Titles and the Legend cannot be sized of roeawed on the soteen
The map tele can be moved via Ah-T and the legend via Ali-L. but they
cannai be capured via All-C.

Symbol sets
The fpllowing Symbol seis (fonis) are avarlable. The sew may be altered using
the ALTERSYM program

DEFAULT.SYM Built o SURF SETI10SYM Triplex Roman
SETL.SYM Simlar 10 default SET1L.SYM Trplex laalics
SET? SYM Simplex Greek SET12.8YM Otd German
SET3.5¥YM Script SET13.5YM Olde Englush
SET4,5YM Simplex Roman SET14.5YM Old lulan
SETS.5YM Dupiex Greek SET15.5YM Special Symbols
SET6.SYM Simplex ltaiics SET16.8YM Special Symbols
SETT.SYM Duplex Hershey CENTERED.SYM Cemered Symbols
SETS.5YM Duplex Scrpt
SET9.SYM Cyrillic

For math sympols, use SET15 and SET 16, The DEFAULT svmbol set contains both

centered symbols and a complete character ser. “Since this 15 butluin 1o
SURF, u does not need 1 be Ipaded and wall plot faster  if a plot file 15
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to be created CENTERED.SYM will be substiuted sor DEFAULT Sy M rov ne
pasting centered symbal sel

_ Usiog the Help Svstem
To obun help reievant 1o the current 1opic press F1othe HELP aen Toe
oDLaIT furthet pelp, setect any of he Oplions at the 1op o 1his scree”

To seiect a Help option enber tvpe 1he hirsi detter of i0c opLOn & s
e paInter with Lhe arrow kevs and press tne Emer wes

To exit the help svsiem and return 10 the SURF menus. press the Esc key,

Special kevs
The foliowing kevs have special purposes:

Fi Help

Fl View currert ploc on screen

R Remurn 1o SURF Meou

Fa Save ail current setiings 10 a specilied command file
Allows for saving text biocks ina TXT fiie and
paat blocks 1na PST file

Shift F4  Store highlighied settang in

[ ] Direcory

Esc Back up | kevel (Exits SURF 21 the SURF Menu)

Enter  Selec cyrrent option: begin processing it on bottom row of pop-up

Arrow keys Move haghlighted pointer

Home, End Move w the begimming or end of a text hine.,

d file SURF CMD

During w1 entry {1n Trtle. AxisTitles. EduText). the following keys hase
specul purpeses:

AlU  Superserspt  Any text that follows will plolted as a superscript,

AlD  Subscnpt  Any texi thal follows will piocied as a subscript

All-N  Normahze. Undo a preceding superscrips or subscript
Supersehipis and subscripts may be mesied  To po back 10 the normal siz¢
there must b as many Ali-N on that hine as superscripls And supscrips

Alt-B Backspace one characier, using the current size (Lo 1 waln
a superscript, backspace using thai size |}

AlF Select a new fonr. Must be followed by a digic
All-O  Select origira) tone (the detaull tons sof this item)

Al-P  Select a new color  Must be followed by one of fwo digits
If two drguts foliow Alt-P. both are used for the color number,
AlQ  Select onginal color . )

Topic Menus
Two different types of menus arc used 10 make choices  The first 1ype appears
on the upper two iines of the screen This type of menu 15 used to rapidly
select major Wwpics and 1s called a topic menu. The menu at the top ot this
3Creen IS 4 WP menu. Amow keys may be used to move the haghlighied poimer
1o different options. As differen: opricns are highlighted a brie1 explanati -
of the current option wall be displayed on the second row of the screen

Afier posiuoning the pointer 1o the desred option, 1l may be selected by
pressing the Enter key. Options may be rapidly selected by eyping the first
letter of the desired opuion

If Esc 1s pressed whike 10 a 1opic menu, the previous menu will de displayed
Esc may be pressed unnl there are no more previous menus. In this case the
program will end and return 10 DOS,

A second 1ype ol menu known as a pop-up menu will appear in various places in
the lower portion of the screen  These micnus are used (o specity scveral
related vaiues a1 one iime The arrow keys will move the fughlight trem onc
field 10 another  To change an opticn sumply type 10 the desired value and

press Enter o the Up or Down arrow keys

Pressang the Emer key with the pointer on the boriom field will accept the
curtem values and began any related processing.

The Esc key may be pressed al any (ime 1o back up | level [fa sering or
value 15 being changed when Esc i pressed, the previous siring or value will
be reswored.  Pressing Esc a second ume wilk ext the menu.

CmdLine
The format of the SURF command line 15,

SURF |opuons| [Grid file]

where options can be any of the programmable SURF varables thar appear in

the SURF command file. Any variables that appear on the command line wall

override those in the command file. All opuons must be immediaizly preceded
by & / or - character, Options must be separated with spaces or tabs,

Strings conuairing blanks or abs must be enclosed 1n double quores, Type the

SURF.CMD fite for a compiete Il of valid options

The last argument may be a file specification for a grid file i the forma
used by the GRID program  SURF will read the file and place the user al
the Main Menu.



Examplc SURF /ANGH=170 /TITSTR="THIS IS A TEST" TEST GRD

Forma
Numeric values mav be sormatted in a Fixed Exponential or General
rormat With cach or tese methods  the user mas $pec:fy the number of digits
o the FIght oI the gecimal point  Emernalts all AUMETIC values are 350ed 3
Qonenures This u ¢quIVAIENT [0 approximateiy 7 digits of precision

Fixed formai 1 of the form |- JXXXX.XxXX Where XXX 1s one or more digns
The number of digis before the decimal point depends on the magnitude of the
number. :

Exponentzal formar will print values with the form |-1x. oo E|signlxxx. where
x 132 $inghe digit, o 1S One Of More digss, and xxx i exactly three
digits, and sign s + or -.

General formal wiil print values in Fized of Exponential format
whichever 15 More compact tor the given value and precision  Trailing zeros
are cruncated and tne gecimal point appears oniy 1 one or more digics follow
I,

Eaviron
The Emviren menus are used 10 configere SURF for the installed hardware  tn
maos: cases. SURF will make reasonable guesses as to the monior (ype colors.
e, but In some cases it may be desirable to override the default values

ScreenType configures paramerers related to the monutor such as the 1ype of
adapter, and whether to elminate spow, use the BIOS. or writz directly (o the
vigeo buffer during display ourput  Viewing parametsts may aiso be specified
including the sizz of plot 1o fit on the sereen and the plot origin

Menu colors are set in the MenuColor menu, whiie plot colors are se1 10 the
ViewColor menu  Plot colors are used while vsewing a plot on the EGA or VGA

adaprers

The PlotDev menu configures the directory of the PLOT program. and invokes
PLOT to allow a hardcopy cutput device 1o be configured

Fonis specifies symbol seis, DataPath specifies the path for nput and
output files, and Unns specifies English {snches) or metrig (cm. ) unis

Fonts
Enter the name of 2 symbol set {filerame, SYM) for one or more of the foms

The iiernal symbol set, DEFAULT SYM. 15 the normal default for rapid plotting
The names of these fonls will appear wherever symbol sct numbers appear
In popup Menus

DataPath
Enter a path for all input and output files {data files, grid files, level
files, text block files, postng files, color zone files, eic. eic ). Inother
words, this path refers 1o those files referring 1o the users’ gata or which
control the ploming of said data.)

This path does not apply 1o SURF CMD, nor to symbol sets (fomts) Those are
tound 1n the same directory as SURF.EXE.

1f no disk drive 15 specified 1he curtently acuve drive is used

1f the disk drive 1s specified with no ditceionies. e curTently active
directory for chac drwve 15 used

If the path specification 13 deleted or bianked, te currertly active dircciory
13 used

-

There are 3 paths of inerest.

1 The path as specified under DataPath
2 The path used to activate SURF

3 The currenily acuve directory

The Jas1 15 used only 1f the first 15 blank or deleted.

PlotDev
The PLOT program 15 used to send the plex file created by SURF 1o a hardeopy
output device  PLOT may be invoked a1 the DOS level. or from wathin SURF if
ingufficiet memory exists. PLOT will have 10 be invoked from DOS  In oeger
for SURF to tnvoke the PLOT program the drive. directory and name of the
PLOT program must be specefied ai the PLOT filespec promp, Once this value
18 se1. SURF will invoke PLOT n ovder to specity the desyred ourpul device.
17 the yust the name of the piot program s entered (PLOT.EXE). SURF will Iook
first 1n the carrent directory. and then in all the direciories specificd In
the current search path,

After PLOT 15 finished. you will 9¢ rewrned 10 SURF At this point the PLOT
filespec may be saved with the Shifi-F4 key if desired. After saving the
filespec, SURF will always invoke PLOT using this filespec unril changed

ScreenType
Use this menu 10 configure the display type and cheracteristics. In genecral.
the default semngs should be sdequate and are bcnfl:ﬁ alone 1fikis
necessary to change a seming, It may be saved with the Shifs-Fd key

Graphics adapter Lise this opiion 1o specsiy the e of grannics 36anis
irsa)led on the comDuter  The defaul! setring & Adis
wiil aliow SURF 10 determune s hich aqapict 15 Instalicy
Care should be used when changing this ponian 1 e AT,
10 the MONIOr Mav result TOM 1fvabid Settings

Screen width  This 18 the plot width in inches 1o aisplas pocizontabsy
Across the SCPeen When viewing a piod This gogs i Ras
to be the phvsical widin of e screen  As anexampic 17
screen width 18 $€1 10 2 inches, the enure screen will
be used o plot 2 2 inch portion of the plot starting af
the current sereen ofigin. Thas 1s simalar o zooming 1n On
4 piot, More decait 15 shown bt poflions of tne piot w1l
be off the screen

Screenorgan - The screen onigin s the XY coordinates tn inches o the
lower left corner of the screen  Thas 1S ysed 10 specily
the positon of a plot on the screen  When z00ming in with
the screen width opuon e screen ofigin can oe set v
specity which poction of the plot 10 place on tne screen

Eluminae snow  Snow consists of random flashes of ipht when the (ispiay
15 being wrimien to. Usually, SURF wall correctly deiermine
whether snow elimifaiion s necessary and aviomaucalis sci
this value. Snow eliminanion 1s usually only necessary on
IBM color graphics cards (not EGA's). and will slow outpus
considerably. This value 13 ignored if the BIOS 13 used

BIOS SURF will wsually wrue directly 1o the video bufter tor
performance reasons  On some compaubles or multiashing
operating systems, this may cause problems  To use the ROM
BEOS for ali screen ourput answer YES 1o this prompt Now
that this wili slow ail screen outpul.

MenuCalor
This menu alilows selection of the three colors used 1n all of SURF's menu
screens. All passible colors are displaved on the popap. even though some
of the colors may not be visible on monochrome momitors  To save (e selected
coiors. use the Shifi-F4 key to store 1he value in the command lile.

ViewColor
Currently. the Enhanced Graphics Adapier is the only supporied adapter wuh
plouing colors  Since 1t 15 often desirable for the pen colors o1 a ploter
10 represent the game colars on the screen. this menu allows the pen numpers
10 be assigned 10 an EGA color value

Blue t  EGA color values are calculated by maxang the b base colors
Green 2 from the wble at lefi  The colots afe mixed by adding an
Red 4 the desired color's numeric code. For example, pure red has

Dark Blur 2 2 color value of 4 High mensny whate ta mustore ot all
Dark Green 16 colors) s E+2+4+8+16+32 = 63, Black 1s the absence of all
Dark Red 32  color, and has an EGA color value of ¢ The brightes: colors

are 1ofmed by & combinaton of the Bormai and dark colers

For monochrome EGA's the only possible color values zre 0.8 and 24 Even
though 64 colors are pastible. only 16 may be displayed a1 once on a 256K
EGA. ahd only 4 colors at once ona 64K EGA. These limis are imposed by
the EGA hargware

Units
SURF may be configured to use centimerters instead of inches  Enier C or
Cemameters 31 the prompl. .
Irc s 15 selected. then wh mches s asked for or assumed

(for example, character hesghts, label-label diswnces, screen width among
others) the value will be considered 1o be in cenumeters. However, the popups
do not change and will stll read inches

Also. the values given in the .PLT files will still be in werms of inches In
other words. the internal umis in the SURFER package are inches. but the
wser muy eftet values i lerms of ceniimeters.

The Legend texi will be changed woread "1 O em = xx.xx data unis”,

£
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TOPO 13 a menu-driven contouring Program  The coniour 0iog mav be view e¢ or
the screen ourpul to a Dlot file andior SgRt (O 2 haracopy device Contowr
anq plot paramnciers mav be defaull vaiues or fully specified by tne user

Grudded daw. 1n the tormat used bv the GRID program 15 imput rrom a daa
file  esner ASCIH or binary torma:  The rasiest way 10 VICw a CORLOUr Map
on a graphics screen from DOS 15 10 ype the commuandg

TOPQ filename

and press function key F2. filename is any grid file produced by the GRID
program, and may enclude an opuional drive and path. I the extension 15
omiited .GRD will be used. The contour plot wili appear on the séreen using
default vatues for the comtour and plot parameters. To modify the default
values press Esc to return 1o the TOPO Menu.

loput Menu
You may specity the name of the 1nput grid file and whether 10 anput the entire
file or a pari of the file corresponding to a subgrid

input grid file The 1nput grid fite must be a valid DOS filespec consisung
of an opuonal drrve. optional path, filename. and opuomal
exiension  If the extersion 15 omuated, GRD s used  If
the path 1 orutted. the path («f any) specified by the
DataPath option under Efviton s used. The fiie 1s read when
the popup menu 1s exied

Firstand last  These oplions are used to specify a recrangular subgrid from
rows 2nd columns the origina) gnid file  Rows and columns are numbered
starung with | The default vajues of | and 32767 will
read the enure grid

Level
The vatues of e contour liney may be changed by specifying the mimmum.
maximum. and inierval values, or by specitying a dae file containing ihe
contour ievels desired  The default values are chosen 1o give berween 11 and
21 contours

Minimum contour  The Jowest cortour level to apper on the map

Max:mum contour The highest contour evel o appear on the map.

Contour interval The interval or siepsize to use berween the mimmumn and
maximum contour levels The wtal number of levels ploned
will be im((Maximum - Mintmum) / jnrerval). To omut all
contour tenes specify minimum and maximum conicur ievels
that will exclude 3] Z values of the grid

Level file The level file must be a vahd DQOS filespec consisiag of an
opitonal drive, optonal path. filename, and opuonal
extension  If ihe extension is omitied, DAT s used The
level fite 15 an ASCII dasa file with one comour ievel per
Iine  There 4 & maximum of 200 ievels if a level file s
used The levels do nox need to be 1 any order, and do nt
need (o be evenly spaced

1

Seale
The user may specify the physical size of the piot by emtering esther of
two parameers the fength in inches of the lpngest side of the plor or
the number of data unis per inch

TOPO will synchronize the rwo values whenever one ts changed  Hence, if the
length 15 given, the number of data ums. per inch 13 sutomancally determined,
Conversely, if the number of daa umis per inch s specified, te Jength 15
recompuied  TOPO will automaricatly calculate the length of the shorter side
of the map [0 MaIALN Proporiions

This physical specificavon 13 for the daw region only and docs not include
the ¢xira space used for boundary labeis. legend, text, and itk

The uset tuay specify a conversion factor whete the X and Y unus differ  Foe
exampie, If the ¥ units are yards and the X umiis are feel. the user can emer
the value of 3 0 to specify thar 1.0Y unees equal 3.0 X units

ConLine (Contour Lines)
TFhis menu allows the user o specify the contour Line and in-line label
parasmelcrs

Select,  To Specify

Labeled  Labeled conour line frequency and the color dash length. line
thickness and hachure length of labeled contour fines

Unlabeled  Color. dash lengeh ine chickness, and hachure length of
unladeled contour lines

Conlab Properuies of in-lire contour labets, anchuding the numerc
format. color, height. and symboi 121, The dis@nce berween
labels. the disiance from labels o edges, xnd Bic tabel curve
wierance may also be specified. :

oty ]

Smooth Whether 10 sMOOLT ConIour Lings and s ML’
ZonesOfCoior A file wmich detines color zones  Each contow” ising » 5
coiw zome will use the Coiny $DECH RO W Ithin ths ik

Labeied Contour Lines
Frequency A mequency of | wil) Jabel evers conlour iue. 2 cvery gunes
and 30 on  hote tBat highiy curved L ings mav not be tabeied

Color lueger trom ¢t o L5,

Bash iength Length of the dashes and intervening spaces 17 inches, Emter
2erg 100 30lid janes.

Thuckness  The the thickness of the contour lime in inches  Enter zero rot
normal ines

Hachure  Lengih of the hachure marks 1ninches  These are the maris
length perpendicular 10 the contowr lines wRICh potnt IN the Sifeclos,
of an enclosed data mimmum, or acpression  They are ohis markea
on citsed contour lines. The distance betwetn adjacent hachure
marks 18 twace Ui length.

< For Help on comour Labels. see the Help screen on Coniab >

Unlabeled Contour Lines
Color Inweger from 1 1o 15

Dash length Eength of the dashes and tniervemng spaces in inches  Enter
zero tor 3ol hinet

Thickness  The the thickness of the congur Line tn inches  Ener rero e
norma! hines

Hachure  Length of the hachure marks i1 anches  These are the marks
ength perpendicular o the comour lincs which potny in Lhe direcnon
of an ¢nclosed dala mimmum, o depression, Thev are only marhed
on closed contour hnes  The distance berween adjacent hachure
marks 18 twice their length

In-ine Contour Labels
Label format  For helip, select Formal from the heélp menu above
and degits
Lahel height  Any positive value, in inches
Label color  Integer from 1 to 15
Symbol ser For nelp. selecs Symbolx from the heip menu above,
number
Curve wlerance Labels will not be placed on hghly curved parts of a contour
line. mamely those where the the disance along the coniout
{ine divided by the strarght hine diswnce 15 greater than
the speeified curve wolerance  Larger values allow labels on
more hughly curved paris. .
Label w0 label Mimimum distance between labels on 1he same comour line 1n
distance wches. The actual distance may be much Jarger subject o
curve tolerance

Label 1o edge  M:immum distance between a {abel and the edge of 1he map in
distance snches  The aciual distance may be much larger subject o
curve (olcrance

Smaooth
Senooth contour hines Enter Yes to smooth contour lines using cubuc spline
intetpolation  This will result in a more pleasing
appearance . bul may ¢cause contour lines 1o cross

Tension facior Number greater than 000) and less than 60 The larger
Ihe number, the more the contour iines will approximale
polygonal paths (paths made up of pieces of straght
lines} The default value of 2 0 will generally give
smooth curves

ZooesOfCalor
The user may specify a filc containg informanion for color zones

For example, if the file contains the following three lines

5090 s then coior 515 used if Z>m300,
e 2 color 215 used ol 500 > Z > = 30.0,
109 1 color | 1sused 1f300 > 2 > = 100,

and. the color 15 undefined)f Z < 100

Hence, a contour of level Z = 40.0 will be plotted 1n coior 2, as wtll a
contour of level Z = 30,0

The values n the file are soned in increasing order of Z, 50 you may eniet
the lines i1 any ofder, but il 15 wise [0 ender them in either INCreasing of
decreasing order to lessen the chance of a musuake.



With pood color chowces, conswdering the colors available on the cutpa device
3 MICE SPECTTUM OF COlors mav be created. with reds 1oF haghs Tor exampic anc
blucs for iows

Text
This menu aliows the user w0 specify texiual nrormation tor the piot

Seizc To Specin

MapTule  autle, and yi5 placement and appearance
BorderTiles border tities (axis 15les), and Ibeir Appearance
EduTex:  eex1 blocks and whesr placemem and appearance
RemmeveText a file from which to remeve 1ext block information
Lepend aicpend and its placement and appearance

Tule
The user may specify 3 tnle and 13 placement and appearance.

Map Tide  may be 010 79 characters (quotes are not needed)

Symbol set  For belp. szlect Symbols from the help menu above
number

Tie Auto will cenier the title sbove the plot. Altermatively. the
posinon  user may specify the coordinates of lower left corner of the first
character of the e, The titie may also be pesitioned by

pressing Ate-T while viewing the plot on the screen

Angle 15 any value 1in degrees  The angie 1s measyred counterciockwise
from the +X anis. E.g. O=horizontal, 90= verucal up

Height 15 any positive valoe in inches. [f 100 small, the nte may nor
be readable. [f 100 large. 1t may pot fit on the plot,

Coler 1s any integer trom 1 to 15

BorderTitles
Tules mnay be O o 79 characters 1quotes are nou reededt

Symbol set  For heip, selecs Symbols from the heip menu above
number

Heigim 15 any positve value tn inches, If too smatl, the nules may
not be readable L 100 Jarge. 1t may ndd fil on the plol.

Color 1s any integer from L 1o 15,

EditText
The user may edit, create, or deiete wxt blocks. To

Creale  emer a curremt wxt block number greater than the largest extant
ext block mamber

delete  answer YES o the delete promm

g another text block, enter a pew valuc for current 1ext block

Symboel se;  For help. sehect Symbols from the bhelp menu above
number

Height 1s any pasitive value in inches [ 1oo small, the ext may
not be readabie 1 wo large. 1t may not fit on the plo

Color 15 any integer from | 1o 15

Text Auto will place the text 1o the right of the plot  Or the user

position  may specify the coordimates of jower left corper of the first
characier of the ext. The 1ext may also be poswoned by
pressing All-M while viewing the ploe on the screen I there
1s more than one text block on the scyeen the text must be firs
captured by moving the crosshairs close w the lower lefi corner
of the first character of the 1ext. and pressing Ali-C The
tex1 may also be sized (+ and «) and rotated (Al¢-P for
counterciockwise. All-N 1or clockwisc rowaion) on the scrcen

Toedit  Move the cursor down to the desired line of text and begin wxi
text enry Todelete, we esther Del or Back-Amow. To msert,
press Ins to wggle o msen made, press it 4 second time to
exit iesert mode. (TypeQver s the default made.) Use Home and
End 1o go w0 the beginning or end of a line

Special  Ceruun Al-Keys have special funciiors for ext entry, (ncluding
Keys utles). See Keys, page 2. for more nelp

RetrieveText
You may specify the name of the 1nput tex1 fite arf what 1o do with exisung
rext biocks,

Text file  The input text fike must be a salig DOS filcsper corsisnny
of an covoral drive cotonal path filename. A ONUOTS
extersron  If the excension s omuted TNT s usec |
e path 15 OMINEG the path (i aby) speciBied by .

DaaPath opuon under Environ 1s used  The 1iic 1< read whed
the popup mtnu 18 Exited  The file must be i e rorma.'
specyfied roc TXT files

Fite read 1t po et blocks curtentlv exist, this oohon has no atrec:

mode It text bBiocks 00 £xist, Append will read Ln the 1ext blocks
mio the foliowing empty blocks shifung the index approprialeiy
DeletzFirst will deleie ali current 1ex| biocks betore reading
OverWrite will modity any existing text blocks with the new
intormaiion  For déails see the manual [t an agemot 15 made
1o fead mote Iexl blocks than the maxymum  those blocks will be
ghored

Legend
Plot legend Enter Yes 10 plol the map iegend  The lepend iliusiraies ine
map scale graphically , by plotung a scale bar in inenes and ine
current g scale. The map scale gives the number Of daw unis
per ynch as & rauo, reading 1:X where X i3 the numper of data
unus per inch

Symbol set  For help, select Symbols from ihe help menu above
namber

Uns The user may specify altermte gxi to follow the number In
“One inch = xx.xxa data umts*. For example, if “meters* 15
entered. the legend will read “One inch = xx_XXX meters”

Legend Auto will cenier the legend below the plol - Aliernatrvels, the

posilion  uler may specify the coordinates of lower Jen corner of the first
characier of the legend The legend may also be posiiened by
pressing Ali-L while viewing the piot on the screen

Height 1s any pasinive value tnoinches  [f (oo small, the 1ext may
nol be readable I 1oo darge. 1t may noi fit on the piot

Color 15 any mnteger from 119 15

Border
Plot map border Answer Yes 10 plot 2 border box around tne contour map
Border color  Integer from 1o 1S
Tic sides L = Lefi, R = Right T = Top B = Bouam
For no tigs, detete a!l four and press Enter
Aot Yo,
Tic dstance  Use Auto to have TOPO sclect a grid distance. or enter 4
posive value tnodata unxs
Labeled ¢ Use Auto tp have TOPO select a frequency based on fabet
frequency size, or entet a positive ineeger. O wrms off labels
Label angle O = honizontal, 96 = verucal, Other angles are not aliowed

Formar and For help. select Formar from the heip meny above

digns
Character height Any posiive value 1n inches,
Color Ineger from | 1o 15,

Symbol set For help, select Symbols from the hetp menu above
number

XYLine
The boundary file s an ASCII file used for draweng Line sepments on the plot
The filc may contain one or more senes of connecied Lines. and 15 10 the same
format as the blanking files used 1o the GRID program.

Each hine 15 described by a set of vertices 1n the boundary file  The first
row of the file has at least one value  This value ts the number of poings, N,
specafying the hne, The next N rows of the file conan the coordinanes of
these poiots. each row comtaimng two values, an X and Y coordinace in dagy
unis :

Example
4 TR
00 yields [
150 the |
02 triangle (Y
09 (OO (1.50)
Mesh

A mesh 15 a st of vertical and horizontal lines drawh &CToss the plof as an
aid in determining posiuon.

Mesh color  Ineger from 1 10 15.

Dash length  Lengih of the dashes and tniervening spaces in inches  Emer
0.0 for sobud lines. Noee that of a large dash length 1s given,
the mesh Iines may appear sohid. and if 8 smalt number 15 given,
excessive (ime will be taken to draw the lines.

Xspacing  None will turn off the mesh ines. Auto wall plot mesh hincs
Yapacing st the border labels or the spacing of the npul grid filc



The wtet may also enter a value in dam unus corresponding o
the me3h SpacINg desired

Post
This menu allows the user 0 spciTy POSHINE MIOTMAION 10 the Dot

Sclec: To Speciiy:

EdnPost  posting blocks, Jnciuding their creation and deleuon
Selecuon of EdiPost the first ime will anomaucalty creawe
the first posung block

RetrievePost 2 file from which w rewrreve pesing block informancen

EditPost
Currept pos: Enter 1 new number to edit of create ancther post block
block ~
Delete tis Enter "Y" or "YES™ to delewe this post bloch  To creare
ploek a block, use Current poss block

Data fiie The data file must be a valid DOS filespec consisting of
an optional drive. op \ path. fii and op |
extension  If the extension 15 omiied. .DAT s uted
This ASCII file contains the data 10 be posted with an X and
¥ coorginate, an opreonal label and 2n ophional symbol code
on each line of the file

X.Y Label, Symbol These are the columns of the file containing the X and Y
& Angle columns  coordinates, the oprional label. the oprional symbol code.
and the opuonal angie  Enter O af the labels or symbals do
not enst. As anexample, 34,0 5 0 means thar X, Y daa s
1n columns 3 & 4. there 15 no Label nor Angie column. and
column | conains the Symbols

Include points  Enter Yes to piot all points in the file. or No to plot only
outside grid  1hose inside the grid imus

Symbal code Use this code 1f symbal codes are not tn the file
Symbol angle  Enter the angle of the symbol 11 degrees about nis center.
17 angles are not read from the file.
Cenzzred symbol  For heip. select Symbols trom the heip menu above The
set mrernal symbal set, DEFAULT SYM. inCludes centcred symbals

Symbol height  The height of the symbol in inches. of L or S where L =
LinearProporuonal and S = SquareRootProportiom!. Lf erther
L or § 15 enered, 1hen 2 second popup asks 1or these values
Proporucnat value column Column from which o reag the value used for
creal:ng proportional symbols, This may. but need not. be
the safme column as for Z values for contours
Symbol height  Emier two symbal berghts which will be the heights at the
(GrdMin, Value) specified values  1f the propormonal value column has
(GridMax, Value) Z vajues {1.e the same type of values as used for the
cantouring), then GridM i and GridMax may be used

Symbol hesght  ¢continwed) If either Linear or SquareRoot proporuional
15 chosen, then the symbol hetght will be inierpolated

Symbol color  Imeger trom 1 o 15

Label forma1  Format 1o print labels in. Character tormat will print
the labels exactly as they appear tn the file  Select
Format above for more hetp on numeric formats
Number of digns Used when Label format 1s set [0 2 pumcric format
Label symbol set For help, select Symbols from the heip meny above
Label height  The height of the posting label in inchey
Labe} angic Angle of the label about 1ts bottom lcft cormer 1n deprees.
Label colot tmeger from | o 15

Relatrve posation Rebanive X.Y coordiraies in inches of the bottom left corner
of the label as measured from the data poinc posstion  The
relative coordinates are added o the coordinates of the data
polnt position to obtan the label posiion  Auie will
cener the jabel above the cemered symbol position

RetnevePost
You may speeify the name of the imput post file and what 10 6o with existng
past blocks

Posi file  The input post filc must be 2 valid DOS filespec consisung
of an op | drive. op | path fil and op |
extersion I the extension 15 omied  PST 18 wed If
the parh 15 ofmitted, the path (if any) specified by the
DataPath opuon under Environ is wse¢  The file 15 read when
the popup menu 15 exed  The file must be in the formar
specified for PST files.

Fue read  1f no past blocks currently exist, this opuien has no affect

mode If pest blecks do exist. Append will pead in the post blocks
into the lollowing empty blocks, shifting the index appropniately,
DeleteFiry1 wall detere all currem post blocks before reading

~B

OverWeite wall modits ams 2xisting post Mocks wilh Lhe hew

infotmanon  For aetans see ine manua, 1180 attems, s mav.
10 read moee POSI DICCAS (NN (e MAVMUM  LAORE DI ke wo v
gnorec. R

Output

Create 2 plot file of the curvent contour map  Opuomaliy senc oginu to s
printer of pioier via the PLOT program

Name of plot file Specifv the op | drive. op | pazh fil and
optiorial extension of the piot file 1o creawe
Scale factor  Scale factor for the entire piow For example 20 will
make the plot twice as big
Page pos:uion Position of the entire piot in inches, Tom the bolom leh
cornct May be used to offsct muitiple plots when appending
Piot file formar  ASCII may be read by any text eduor. Binary i etncient
File write mode  Orverwriie will cause the plok 10 be wriicn over am oK
informanon 10 the file {heroe gestroving 1) Appena wili
write the curfent plog at the end of the specilicd pic,
file If the ploi file coes noL exist 2 new one wili o
created
Number of decimal Accuracy in decimal digus of values 1 the plok fiie This
digis m file  value should refiect the resolunon of the oulput device
Send ploc o Answer Yes o all program PLOT trom within TOPQ PLOT
lied device dutely begins piotting on the iranlled prapter o
plotter Be sure to inseall PLOT first

Om-Screen Contour Line Editing
Selece special funcuon key F2 1o plot the curmem contour map  Press any
key exeept Esc to bepin on screen digitization and ediing  Mone Inc
crosshairs with the arrow kevs  To change the movement siep-size ol the
crosshairs press any number trom | (smallest siepi 1o 9 ¢largest sieps

Toedit the grid, select G Use the direction keys to move the

crosshairs  Note that she cursor s locked 1o grid element locations  Enter a
new value to change the Z value 11 the current grid element To save Ihe new
grid, use Alt-S5  The old grid will be overwninen  Press Esc wnen gone
editing

To move the Litle. use the crosshars and Al-T  Onlv the last positon o1

the tucke wall be s1ored  The coordinates ot the new title locauon wall

appear in the Title pop-up  Move the legend in the same wav as (ie Litle buy
use Alt-L in piace of Al-T

OnS Text Biock P; ' 4
To move a text block first capuire 1t usiag Al-C. Place whe crosshairs
ciese 1o the lower keft corner of the texe block and press Al-C - Then mose
the crosshairs (o the new location and press Al-M - The texi block will be
redrawn with the lower lefl corner at the crosshar iocation

Afier 2 1ex1 block has been Gapturcd. (e size may be increased by pressing +
Simutarly. - will decrease uts size, Ali-P will rotaie posicvely icoumer-
clockwise) and Al-N wilk rotate neganvely The roaion sieps may be
increased or decreased by pressing the numbers from | to § as for movement
9 represens the largest rotsuon. of 90 degrees. 8 gives 45 degrees 7 gives
335 deprees, and so forth

The Titles and the Legend cannot be sized of rotaled on ihe screen, The border
(nles cannot be moved at al! The map ole can be moved via All-T and 1he
legend via AlL-L_ but they cannol be capred via Alv-C

Symbaol sets
The following Symbol secs (fones) are available. The seis may be alicred using
the ALTERSYM program.

DEFAULT.SYM Builtin 10 TOPO
SETLSYM Simalaf 10 default
SET2.5YM Simplex Greek
SET3.SYM Seript
SET4.8YM Simpltex Roman
SETS.5YM Duplex Greek
SET6.SYM Simpiex lalics
SET?.SYM Dupiex Hershey
SETE SYM Duplex Scept
SET9.5YM Cynlic

SETI10.5YM Tripiex Koman
SET11.8YM Triplex ltalics
SETI12.5YM Old German
SETI3.SYM Olde English

SETI4.5YM Old ltahan
SETI5.SYM Special Symbots
SET16 SYM Special Symbols
CENTERED SYM Cemered Symbols

For math symbois, use SET15 and SET16. The DEFAULT symbol set contains both
cemered symbols, and 2 complete characier set. Since this 15 buslt in 1o

TOPQ, 11 does not need to be londed and wilk plos faster  1F a plot file s

w0 be created. CENTERED.SYM will be subsutused for DEFAULT SYM for the
pasting centered symbol set. See also help for Fomts under Environ

Using the Help System
To obiain help retevam to the curren wopic press F1, the HELP key To
obtan funther help. select any of the opoons 2t the top of this screen,

To select a Help opuon either type the firse leter of the option or posnion
the pointer wiih the arrow keys and press the Enter key

To exi the help system and retam to the TOPO menus. press the £5¢ key.



. Special Keys
The foliowing kevs have special purposes
F1 Help
F2 View current plot on screen
F3 Rewrn 10 TOPO Meny
Fs Save all current setungs 10 a soecified command file

Allows tor saving text biocks ina TXT file and
post blocks 1 a (PST file
Shift F4  Store highlighied setting 1n command file TOPO CMD
F5 Direciory
Esc Back up 1 level (Exis TOPC at the TOPO Menuy
Enter  Select current oplion’ begin processing 1t ON DONOM row Of pop-up
Arrow kevs Move h:ghlighted pointer
Home_ End Move 1 he begimming or end of & text line

Dursng cext eniry (in Tule, BorderFuies EdiText) the following kevs have
speCial purposes

Al-U' Superseript. Any texit that foliows will pleited as a superscript

Al-D  Supscript  Any text that follows will plotied as a subserept

Alt-N  Normahize Undo a preceding superscript of subscript.
Superscripis and subscripl may be nesied  To go back 1o the normal size,
there must be as many Al-N on that ine as superscripns and subscripis

Al-B Backspace one character, using the current size  (Le. if withtn
a superscript, backspace using that size.)

Al-F Select a new font  Must be followed by a digit
Al-O  Sclect oniginal tont {the defaul: font for this wem}

AlW-F  Seleci a new color. Must be followed by one of two digits.
If two digits foliow Ale-P. both are used for ihe color number
Al-Q  Select ortginal color,

Topic Menus
Two difierent types of menus are used to make choices  The first 1ype appears
on the upper two lines of the screen This type of menu s used to rapidiy
s¢lect major topics arkd 15 called a 1opic menu The menu ar the 1op of this
SCICEN 15 2 1OpIC MERU  ATOwW keys may be used 1o move the highhighicd ponter
to ditlerent oprions  As different opuons are highlighted a briet expl
ol the currem option wall be displayed on the s¢cond row of the sereen

Afier posinoning the powmer o the deswred oplion. 1t Mav be selected by
pressing the Enier key  Oprnions mav be rapidly selected by typing the tirsi
lester of the desired option,

If Ese 1s pressed while in a topic menu., the previous menu will be displayed
Esc may be pressed unul there are no more previous menhus. [n this case the
program wilt end and retarn to DOS

< For more help on menus, select Next from the help menw above >

A second type 0f METu KRown a5 a pop-up meny will 2ppear 1n vaniows places in
the lower portion of the screen  These menus are wsed (0 specify several
rebaed values 3t one Imme The armow keys wilk move the highlight from one
field to another  To change an opnion simply type in the deswred vaive and

press Enter or the Up or Down arrow keys.,

Pressing the Enter key wish the pointer on the bouom field will accept the
curtem vaiues and begin any related processing

The Esc key may be pressed at any ume w back up 1 lewel. IFa sring or
valiue 1s being changed when Esc 15 pressed, the previous string or vatue will
be restored  Pressing Esc a second tme will exit the mepu

< For more kelp on menus, select Prev from the help menu above >

CmdLine
The fotmar of the TOPO command iine 1y’

TOPO |options | [Gred file)

where options can be any of the programmable TOPO variables that appear in

the TOPO command file Aty variables that appear on the command line wil
overfide those in the command file  All options must be immeduatcly preceded
by a/or - character. Opuions must be separated with spaces or tabs.

Sirings contaiung blanks or abs must be enclosed i double quotes. Type the

TOPO CMD file for a complete bt of valid optons.

The last argument may be a file specification for 3 grid file un the format
used by the GRID program. TOPO wali read the file and place the user at
the TOPO Menu .

Ezampie TOPO /CINT =, i0 /TITSTR = *THIS IS A TEST* TEST.GRD

Formst
Numeric values may be formaned in a Fixed. Expagémial, or General
format. With each of these methods, the user may specify the number of dugits
1a the 1ighi of the dectmal point. Internally all numeric vaiues are stoced as

. 8

32 bu entities. Thus i equivalenl to approximately 7 digis of precia”

Fyxed rormat 13 of the jorm [-)xaan axxa where 3au 1y pne o0 oo
The numbe? OF dipuls beiore e 0eCImal point Gepends On e MATTHLA

number

Exponenial tormat wili prant vaives with the rorm |-)x xxxxk|signiaay whet,
115 2 ningle digi xXax i3 ONC OF more digkts amd sxT 1S caacihy tnree
digits and SIgn s+ o -

General format wll print vaiues m Fixed or Exponcntal iormat

whichever 15 more coOmpacl tof e given valuc and DrECINON Traileng zezos
are truncated and she Oecimal pount appears only i one of moee digs 10l10w
I

Environ
The Environ menus arc wied 1o configure TOPO tor the irstalied nardwan In
most cases TOPO will make reasonabie gucsses as [0 IRE MORHDT VTw Cowirs,
€1, Dul IN SOMW CaSes 11 May be desirable o aserride ine deraali yae

SereenT ype configures paramelers related 10 the momior such as e ovpe o
adapier, and whethet 10 eliminase snow, use the BIOS, or write direcily 10 the
wideo bufier during display output,  Viewng paramesers may also be specitied
including the size of plot (o fit on the screen and the plot ocigin

Menu colors are set in the MenuColor menu, wiile plot cotors are set in the
ViewColor menu  Plot colors are used while viewing a ploton the EGA or VGA

adapiers

The PlotDev menu configures the directory of the PLOT program and imokes
PLOT 1o aliow 2 hardcopy outpus device 1o be configured

Fonts specifies symbol sets. DataPath specifies the path tor imput and
output files. and Units specefies English (anches) of metnic (&m 1 unis

Fonts
Enter the name o1 a symbol set (fiiename SYM) for one or more ot the 1onts

The imernal symbol et DEFAULT.SYM. 15 the normal derault ror rapmu sHoinmg
The names of these 1001 will appear wherever svmbol seL numbde:s appea’
I POPUR Menus

DataPath
Enter a path tor all input and output files (dai files, grid files, level
files, text block files. posting fiies, cotor zome fjies, ere eic ) dnoiher
wards, this path reters 10 those files reserring 10 1he users’ data or which
control the ploting of said data.

This path does nok apply to TOPO CMD, nor to symbal sets {fons)  Those are
found in the same directory as TOPO EXE.

If no dusk drive s specified. the currendly acuve drive 15 used

[f the dusk drive 15 specified with o direciortes. the currently active
directory for that derve 13 used

If the path specificanon 15 deleted o blanked, the currently active directory
15 used.

There are 3 paths of intzeesi

1 The path as specified under DawaPath
2 The path used 10 activate TOPO

3 The currently acuve diregtory.

The last 13 used only 1f the first s blank or deleted.

PlotDey .
The PLOT program 1s used to send the plot file created by TOPO (o a hardcopy
outpui device  PLOT may be invoked at the DOS level, or trom wihin TOPQ, If
nsufficient memory exisis, PLOT will have to be mvoked trom DOS  In order
for TOPC 10 invoke the PLOT program, the drive. directory. and name of the
PLOT program musi be specified at the PLOT filespec prompt  Once thas value
15 set. TOPO will invoke PLOT 1n order w specify the desired ouiput device.
If the jusi the name of the plot program 15 enrered (PLOT EXE), TOPO will look
first in the currem dicectory. and then 1n all the directories specified in
the current tearch path,

Atier PLOT 15 fitushed, you will be returned o TOPO. Al this pownt the PLOT
fiiespec may be saved with the Shift-F4 key if desired  After saving the
fulespee, TOPO will always invoke PLOT using this filespec untl changed

ScrvenType
Use this menw to configure the display type and charactensstscs. In general,
the default seitings should be adequate and are best left alons, 1111 15
necessary 1o change a sewung, 1t may be saved with the Shaft-F4 key

Graphies adapier Use this opiion 1o specify the type of graphics adapter
mstalled an the computer. The default serung of Auto
will allow TOPO 1o determine which adapier is 1nstalled
Care should be used when changing this opuion, since damage
to the momtor may result from invalid sewings



Screcn width  This 1s the plor width ninches to dispiay horizonally
across the screen when viewing a piol  This does mot have
10 be the physical width of the screen As an example
sereen width 15 $8 1o 2 snches the ennire scresn will
e wed w plot a 2 tnch portion of the plot sarting ar
the current screen ongin This 18 similar 10 zooming in en
apiot more deta)l 13 shawn, bul pOFIaNs of the it will
be off the screen

Screenotigin - The screen origin 18 the XY coordinates 1 inches of the
b lower keft corner of the screen  This 1s used 1 speify
the posiuon of a plol on the screen When zooming in with
the screen width option, the scretn OFIgIN CAN be 521 (0
specify which poruon of the plor to piace on the screen

Eliminaie snow  Snow comists of random flashes of light when the display
1 bemng wrinen o, Usuatly, TOPO will correctly determine
whether $how elimination ts necessary and automatically set
this value  Snow eliminanon 1s usualiv only necessary on
EBM color graphics cards (not EGA's), and will slow ourput
considerably, This value 1s 1gnored if the BIOS 15 used.

BIOS TOPO will usially writz dwectly (o the video buffer for
performance reasons. On some compatibles or muttimsking
operating systems, this may cause problems. To use e ROM
BIOS for all screen output arswer YES o this prompt, Note
that this wall slow all screen output

MenuColor
This menu allows setection of the three colors used m all of TOPO's menu
screens  All possible coiors are displaved on the popup even though some
of the colors may not be visible on monochrome monitors, To save the selecicd
colors, we the Shift-F4 key to stofe the vatue in the command file.

ViewColor
Currently. the Enhanced Graphics Adapier ts the only supported adapter with
plotting colors  Since at 15 oficn desarabie for the pen colors of a ploer
10 represent the same colors on the screen, this menu allows the pen numbers
10 be assigned to an EGA color value.

Blue I EGA color values are calculated by mixing the 6 base colors
Green 2 from the uble arkeft  The colors are mized by adding in
Red 4 the desired cotor's rumeric code. For example, pure red has
Dark Blue & acoior valuc of 4 High intemsity white (a miwre of all

Dark Green 1€ colors) 1s | +2+448416+32 = 63 Black 18 the absence of all

Dark Red 32 coior. and has an EGA color value of 0 The brightest colors
are tormed by a combirauon of the normal and dark colors

For monochrome EGA's the only pessibie color values are 0.8, and 24, Even
though 64 colors are possible, only 16 may be displayed at once on a 256K
EGA.. and only 4 colors at oncs on a 64K EGA. These limits are impased by
the EGA hardware,

. Unns
TOPO may be configured 10 use centimerers insiead of inches, Emer C or
Centimeters at the prompt

If Cenumezers 15 selecied, then wherever inches is atked tor or assumed

(tor example character heights, label-label distances, screen width among
ouhers) the valpe will be considered 1 be 1n centimeters  However, the popups
do noe change and wull suill read anches,

Also, the values given inthe PLT files wall sull be in terms of inches. n
otber words, the intermal urus 10 the SURFER package are inches, but the

user may enter values in terms of centimeiers.

The Legend text will be changed wread "1.0cm = xx.xx daw umu”



UTIL MENU

UTIL 15 a utilny program which performs several tuncuions on grid files such
a5 produced ov the GRID program :n the SURFER package

From the UTIL Menu seiect

Youme 10 ¢alcuale volumes o1 solids gefined by gridden surrages
Shce 10 CTealt cross-feCuons ol a gflﬂﬂnﬂ SUTtace rof einer 3
a boundary fite for SURFER or a qata file 1or GRAPHER
Ressduals  to calculawe the residuals of 2 se1 of data from 3 gridded
surtace
Conven. 0 convert a grid file 10 a gata file. of between grid formats
Area-of-a-Surface 1o calculate the surtace area of a gridded surtace
Environ 10 specify the hardware configurauon

To learn more about the help sysiem  select the desired 10pic above with the
arrow kevs and press Enter, Press the Bsc key to exu the help sysiem and
rewsrn 1o UTIL ’

Volume Menu
The Volumne menu conams al| opuons related to computing volumes of solids
berween gridded surfaces ( GRD files as created by GRID:

First, specify the Uipper surface, which 15 usually a gnid file (.GRD file
created by GRID), The LOWER surface 15 usually a constant (the default i
Z=0) However, eiher surface may be a grid file or 2 constant, Select
either Upper or Lower to specify these surfaces

Volume computes the nel volume berween the surfaces. Net volume 15 the
valume ias in Calculus) as computed by 2 double meegral, and 15 the
difterence beiween positive volume {where the *Upper” surtace 15 above the
“Lower™ surtace} and negative volume (where the reverse 15 wuet

Cuts&Fitls also computes nef volume. but in additon fomputes separutely
posiune votume {Cuts) and negative volume (Filts)  Cuis s that velume
where the upper surtace 1s above the lower  Fulls 1s where the tower
surtace 15 above Lhe upper

For Cus&Filis one may consider the Upper surtace 10 be the original
surtace and the Lower surtace 1o be ine new surrace  Then the Cuis

volume 15 the volume ot matenzl removed and the Fills velume 13 the volume
ot material added in shaping the original surtace (o be the new surtace

for example. 1n road constrruction o 10 land resnaping

Cus&Fills also computes + Area and - Area  The Tormer 1s the area ol
the region over which the Uppcr surtace 18 above the Lower surtace while
the latier 15 the area of the region over which the Lower surtace 15 above
the Upper surtace  Where the rwo surfaces are exactly equal, that afea 15
included In + Area,

If the jower surface 13 & constan (Z = consiang), then + Area 1 the area
within all contours specified by that constani. Toal area is the sum of

e 1wo artas and should equal the area of the gridded region

Notes on blanked grids: If £ither the upper surface of the tower surface or

both 15 bianked at a grid location, then the dhickness of the solid s

conssdered 10 be zero a: that location  This may imroduce errors for the
volume caltulations. The use of a denscr grid may compensase tof dese erTOrS.
The area of any bianked areas 1s included 1n the + Area cotal.

Volume methods: Three methods are used 1o compute ner volume  Trapezoidal
Rule, Simpson’s Rulz, and Simpsen's 3/8 Rute  The first two are found in
nearly every Caleulus ext under *Numerical Integranon™ or *Numericat
Quagrawre” The methods are apphied 10 the volume smegral considered as an
ueraied imegral, with computanons pertormed firse in the X direciion and

then in the Y direcuon  The Jatier 1wo methods require a certain number ot
miervais  For example, Sumpson's Rule requares an odé number ot gnid Lines in
each direcuon. [f an even cumber of grid Lines 15 given wn the grid fisc,

then Simpson's Rule will be used in all but the last interval, i which the
Trapezowdal Rube 15 used Hence, as needed, the nexit best method is ued to
firush out the calcylatons,

For 40 estimate of the errors, you mdy compare the fesulis from the three
methods.

if the Upper surface 15 always above the Lower surface, then the results
shoujd usually agree (o al least five of $3x decimal places

However. if the Upper surface 15 not always above the Lower surface, then
1t may happen that the results are bess significant, especialiy when the
results are close o zeto  In tis case. you should also look at the
Cuts&Fills vidlumes to gtt an idea of the relauve error,

The difference berween Cuts and Fills volumes s usually qure close 10 the
result from the Trapezowdal Method

Warning: The results depend on the gridded surfm_u gven. | your pridded
surface was obtained from only a handful of dapoinis, or from nouy data,
the resulis may be aimost wially meamingless!

L
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LogResults aliows vou to direct the resulis ta a fuc quite aselul 107 hais™

Lpper
The Lpper menu 15 wed 10 5pecity the UppCT SUITATE 106 3 (iUIME SO Tuedi!
The surrace mas be spefinied by a Fiie pameis 2 grid file « GRD v av Jfeatee
. tne GRID prograsn of by & Consian wevel  Tne gefauit s @ goe B
Answer the Tirst guestion with F or File o seiect a jue ame wiin <
or Comsianl [0 sc16C1 3 consant

If File 13 selecicd wne detault 13 10 use the enuwre grid it a subgr:a iv

gesired vou must calculdle the Coiumns (% diTection) and rows () direchon;”
necded (O SPECITy (he FE2ION tAL YOU Wanl and enter those vaiues  Alie”
Compuling a volume chech the x and Y [xmits O1 the subtegion to sec 1t 1Ky
are correct  Note Lhal ¢olumns and rows of | 10 32767 wili read the enure
gnd

1i a conswant ievel 1s selected, enter 3 number  The volume w1l be compuled
between this sevel and the other surtace

Lower
The Lower menu 15 wsed 1o specity the lower suriace sof volume comiuidlay,

The surtace mav be specified by a Fuc, namely a grid file { GRD» as crealed
by the GRID program. or by a Constamt ievel  The defaull 18 2 constant
Answer the first question with F of File o select @ file. and with C

or Constant [o select 2 constan

If File 1s selectied, the default s 10 use the entire grid  1F a subgrid 15
desired, you musi calcuiate the columns (X direcuon) and rows (Y direction;
needed [0 $pecafy the region that vou want, and enter thase values  Aner
computing a volume, check the X and ¥ limits Ol the subregion Lo scc 1T they
are correct  Note thai columns and rows of 110 32767 wll read ine emine
prud

1f a constant level ts selecied, emer a Aumber  The volume will be computed
between this level and the other surface

If the area wuhin a comour level 1s desired, pive the comour ievel 1or e
lower surtace and give the grid file tor the upper surrace  Then the tosinine
area {+ Areal is the area within and at that contour

ResultsLog
The ResultsLog option allows you 1a specaty a log tite tor vour resulis
This 13 also necessary 10r batch operalion.

Exicer a file name so that subsequent results will be placed 1nta the sucuined
tog file  Delere ihe file rame o disconnnue logging ot resulis

Enter Overwrite 10 delete a log file of the same name, and usc thal aame for
subsequen: resulis  Enter Append to append the subsequent resuis 1o his
log file, and not delete any resulws currently mn the file (It the file way

not an ASCH file, however_ then the file contemts may be destroyed )

Overwrue 15 only used for the first computation. after which 1t 1s
amomaucally changed to Append  This feature was designed tor baich
operation

The file 15 closed afier each Votume or Cus&Fills operanon

The log file for volume p s no with the other log fiies
in UTIL. unless you specafy the same log file for al) operations

Shee
Slice wall, 1f grveny a file m the Boundary Line Format (see the GRID manual)
conta:ning lines through the region speciiied by a prid file { GRD file as
produced by GRID), produce esther or both of

2 new boundary bine file (. BLN file) with poinis snseried jor every gnd
e crossing  Thus may pe used for exampie. wath SURF 1o plol roads.
rivers, of other line teatures on three-dimensional suetaces  The fike
conmrm the X, Y.Z data to plot these lines. No poinus are anserted
outs:de the grid region of over blanked areas ot the grid

a daa file {.DAT file) which contawns X,Y,Z data 1n columns |.2.3 and
horizontatly craversed distance incolumn 4 Column 5 comains an
intcger which specifies from which original hine the data was compuicd

Regardiess of which file 1s produced. if any, the screen will give summary
results of the computanons. such &s how many poims were generated

The clip value may be used in GRAPHER  If an tnput boundary line leaves
the gnid regwon and if the quesuon "Cutside gnd. wSe chip vaive ™ was
amwered "Y” or “Yes, then a single X, Y.Z point will be inserted 1o

the data file, with Z equal to the chip value, for each inpus boundary lime

veriex which is outside the grid region. Then in GRAPHER  these poims may
be clipped from the plots by using a lower clipping value between the Shice
chsp value and the grid file menimum Z value

For example, if the third column of the data file, mamely the Z values, 1s
plotied agairst the fourth colymn, the hofizonal traverse distance then a



chip value can be tpec:fied in GRAPHER  The clip vaiue should be at leasi
as large &5 the Shice cnp vaive 270 RO moce than the grd file mimmum 2
Whenever the input boundary line leaves the region. Grapher will ¢hip i

1f ine question " Owver blank area, use ¢hip vaiue © 15 afwered with "Y' or
“Yes'. men whenever an mpul bouNAary Iine Taverses a grid ine where one
Of DOth Of tne closes; prid poInts i3 blanked men similany an X Y Z point
will De Insertea o (he aa fie with Z equal 1o Ine chip value

Residuals
Reswduais wall 1f given a gradded surtace (as specafied by 3 (GRD file as
produced oy GRID) and a data file 1which need not be the file used 1o produce
the gridded surface), optionally produce a new daza file of resaduals from the
surtace and will give the mean and standard deviauon of these residuals

Optionally. » summary of results, incihing the mean and standard deviauon of
the residuais, will be wrinen to a log file. This file may, but need not
be, the same as the other iog files 1n UTIL

The residuals (X Y.Z data points) are only computed for input dara potnts which
are tound within the prid regron and over non-bianked sfeas. Since the

surtace 15 computed. not over recrangular colls but over subtnangtes (lower

left and upper right) of the recrangular cells. residuals are only compuied

1T the data point 15 Tocated within a rangle which has all three vertices
unblanked [Noie o new users' If you have ntver used blaniing in SURFER,
you may safely ignore thu discussion )

Input Datw Columns may be specified, «f other than the ysual 1,2.3 for X.Y.2Z.
However 1f columns are specified which cannot be found in the 1mpur dana
file, then the output data file will be empty  No warming 13 given

Y ou may send summary results 10 z log file  This may be useful 1or bawch
operation  To keep a fog file. enter a fise name :n response o “Output log
file |.LOG| ™ so that subsequent results witl be placed 1o the specified
log file Delerz the file name 10 disconunue logging of resuls.

Enter Overwrile 10 delete a jog file of the same naame and use thar name tar
subsequent results  Emer Append to append the subsequent results o this
tog file. and not deiewe any tesults currently in the file. {If the file was

not an ASCII file, however, then e file contents may be destroyed )

Overwrite 1 onlv used tor the firse computation. after which it 15
auomanically changed to Append  This feature was designed for batch
operation

Qutput Format may be specified  The default format is
Go G6 Go {Note no quotes!)

The supported specificanons are

G = prim 6 digus afier the decumal point. using erther E or §
formats pelow, whichever i1s more compact.

E6 = pring 6 digius afier the decimal point, one dign before the
decimal point. wn the scientfic format |- |d ddddddE|sign)ddd
The s1gn of the exponent 1$ aiways prinied.

& = prim 6 digits afier the decimal potm. and as many before the
decimal poin: as are needed  If no more than 8 characters are
prinicd betore the decimal poant {8 digits. or  minus sign plus
7 digis), then the resuits will appear columnated with the
decimal poinus un the same cotumn

In these examples, the number & may be changed 1o any number from 010 9
However, singie precision computations imply about 7 sigmificant digits.
Any other characters may be used. and are prined on each output line

Convert
Convert can be used to

convert & grid file ( GRD, as produced by the GRID program)
wan X.Y.Z daua file

conven a grid file to a different formar
(nary 1w ASCIi or ASCI w0 birary)

In doing either type of conversion, a subgrid of the mput grid may be
selected  To do so, enter the desired rows and columns of the subgrid
Otherwise leave the rows and cotumns unchanged (1-32767)

Note that if 2 grid file has blanking values, thai conversion 10 a data file
will insert these blanking values 1nto the data fiie as if they were actya)
daza points  If required. they should be removed using a texi editor

Ares-of-x-Surface
This option can e used 10

Compute the approximate Surisce Area of a gridded surface.

To gbuan the entire Surface Area of the gridded surface, exther
enter 2 Comstant Level which 15 below (or abgee) the entire surface
Then the result will be the Surface Area of the entire surface

o

To obtain the Surtace Area of thal part of ke surrace which lies abon.
beiom ) & speciied 2-value set Conswant Lever 1o nat vaiu.
The result wili aiso 1nclude thai part of the surtace 47 the L ansiz
Level 1n the case ot “above”

To 10 fesuits to & file Lnecessary 1o balch OPEralion) enier 2 tnemars
tor tne log fite It no log fisg 18 oesired OCIele Complete)s ars £’y
pIven 1O L Jog file  The TEsults are Aiwavs 1ppenocd Lo Ine iod fie

1i any corner ¢ a prid cell u bianked il oc half of 1hat grid celi wall not
be sncluded in the P The arcas d as part of Cus&Fills
calculanons include bianked arcas.

Gridto
Grid fiies may be written tn one of 1wo formais. Binary or ASC1I
Burary 15 much faster and creates smaller files However, Binary files
cannot be typed. edited. or imponed antc programs other than those by Golden
Softwart  Becduse of these [tmianons. files mav be output a3 prdinar
ASCH texi files  These files may then be nporied snle cditors ana othe”
programs 1or further processing or modiication

Buaring input. 11 1s possible 1 speeify a sub-gnd within the gnid file The
quesLions pertaning o first and last rows and columey refer 10 the imis ot
the sub-grid 1o read  UTIL will exoract only those rows and columns rom the
grid file that comprise the specified sub-grid. The default range of 1 1o 32767
will read the enmire grid

Using the Help Sysiem

To obuain help relevant to the current wopic press F1, the HELP key  To
oblain turther heip scleel any of the opuons at the top of Lhis screen

To xeiect 2 Help oprion enher wype the first lewer o the option or pos ek
the pounter with the arfow keys and press the Emer key

To exit the help svstem and rewrn to the UTIL menus, press the Esc ke

Special heys
The following keys have special purpases
F1 Help
F3 Rewrn to UTEL Meou
F4 Save all curren setings tn a specified command file

Shift F4 Store highlighted sernng i command file UTLL . CMD

F5 Direciory

Esc Back up 1 ievel (Exis UTIL at UTIL Meny)

Enter  Select current option; begin processing f 0n bolLiom row of pop-up
Arrow keys Move highlighted poimer

Topic Menns
Two different rypes of menus are used to make choices  The first tvpe appears
on the upper two lines of the screen, This ype of menu 15 wed 10 1apidiy
select major topics and is called a opic menu,  The. menu at the 1op or this
SCPEEN 13 3 (OPic menu Afrow keys fmay be used 10 move the highiighied pointer
to different options.  As different opuons are highlighied a brief expl.
of the current ppuon will be displayed on the second row of the screen

Atter positionng the pomnier to the desired option, 1t may be selecied by
pressing the Enter key  Opuons may be raprdly seiected by typing ike firs:
lener ol the desired ophion

1f Esc 18 pressed whie 1o 2 10pic menu the previous menu will be displayed
Esc may be pressed unnl there are no mare previous menus  In thss case the
program will end and return to DOS,

A second Lype of menu known as a pop-up menu will Appear i varwus places in
the lowes portion of the screen. These menus are used 10 specify several
reiated values at one nime  The arrow keys will move the haghlight from one
field to another  To change an opiton simply type I the desired value and
press Enter or the Up or Down arrow keys

Pressing the Enpter key wath the pointer on the bottom field will accepl the
current values and begin any related processing.

The Esc key may be pressed at any time 1o back up | level, If a string or
value 13 being changed when Esc 15 pressed. the previous siring or vaiue will
be restored. Pressing Esc a second nme wall exit the menu

CmdLine
The formar of the UT{L command line is:

UTIL jopuions|

where oplions tan e any of the programmable UTIE variables 1hat appear 1n
the UTIL command file  Any varubles that appear on the command hine will
overrude those in the command file, All options muss be immediately preceded
by a for - character. Options must be separaied with spaces ot tzhs

Sirings coniaining blanks of wbs must be enciased 1n double quotes  Type the
UTIL.CMD file for a complete list of vald options



Exampie UTIL /UGNAME =NOW1.GRD -

Format
Numeric values mav be formared ina Fixed Eaponeniai, or General
tormay  With eacn of ese MELKOAs Lhe uSEr MAY 3PECUTY the numoer of digns
1o the r1ght of Lhe decimal point  internaliv all numeric values are slored as
3Zonennues  Tois is equivatent to approxsmately T dipns of precision

Fragd tormar 1s of the 1orm {- jxIxx Xaxx where KXRX IS ONE Of MOLE IgIs
The number of digiis beiore the decimal poinl depends on the magnitude of the
number

Exponential format will print values with the form [-)x xxxxEfsign]xxx where
A 18 3 sungle digil, aaxx 1s one of more digits, and XXX 1S ¢xactly three
digns and signis + of - -

Generat formar will print values in Fixed or Exponential format,

whichever s more compacl foe the grven value ana precision  Traiting zeros
are truncated*and the decimal poine appears only if one OF more Qigits foHlow
1t

Environ
The Enviran menus af¢ used to configure UTIL for the insulled hardware  in
mes1 cases. UTIL wull make reasonable guesses a3 1o the monitor type, colors,
¢lc . but in some cases it may be desirable to overtide the default values,
DataPath specifies the pach for input and outpus files.

ScreenType 15 used 1o specify display output parameters. The furst s
whether 0 tiimime snow or i Snow corsisis of random fiashes of light
when the display 15 besng wraten 10, Snow elimimation 8 wsually only
necessary on 1BM color graphics cards (not EGA's). and will slow output
considerably  This value 15 1gnored 1f the ROM BIOS 15 used

On some compatibles or multitasking operating systems W 15 necessary 10 use
the ROM BIOS for display outpur  To use the ROM BIOS for all screen output
answer YES 1o the BIOS prompt an the ScreenType popup. Note that this will
slow all screen ourpur,

The MenuColor menu aliows selecuion of the three colors used inall of UTIL's
menu screens  All possible colors are disptayed on the popup, even though some
of the colors may not De visibie on monochrome meniors  To save the selected
colors, use the Shifi-F4 key 10 store 1he value 1 the command file

DataPath
Erter a path for ail inpul and ourput files (dala files. gnd files. etc 3 In
okher words this path reters 10 those fiies referring to the users’ dai or
which control the gridding of said data

This path does not apply 1o UTIL CM{. Thai s found in the same directory as
UTIL.EXE -

If po disk drive 1s specified. the currently active drive 18 used.

If the disk drive 15 specified with no directories. the currently acuve
ditectory for that drive i used

If the path spectifi 15 deleted or blanked, the ly acuve directory
15 used

There are 3 paths of imerest

1 The path a3 specified under DataPrth
2 The path used to actvate UTIL.

3. The currently active directory.

The last 15 used only if the firs1 1 biank or deleted.

| g%



i ALTERSYM * 2 menu-driven symbol editor
s——

ALTERSYM aliows vou 10

Input  symbots from a file.

Edil  talter) symbols 0n & graphics 4Crecn (S IRg CUTIOr ATOW Kevs)
Copy  $ymbols o other locations withmn the symboi set

Delerz  symbols,

Extract {xtract) symbols from other symbol seis

Save  symbals toa file,

View  all symbois on the graphics screen, and

Optimize symbois for plotiing speed and smaller filc seee

The input symbel file name may also be specified on the DOS d hine as
ALTERSYM filerame

The symbol s¢1 may be viewed by pressing unction key F2 - filerame 1s any

symba! file produced by ALTERSYM or included with Golden Sottware products

{symbol files have 1he exiension S5YM) The extension SYM) 15 opuional.

Input Menu
You may specify the mamc of the imput symbol file

Lnput symbol set The input symbol file must be 8 valid DOS filespes
consisting of an optionai drive, oprionai path filename, and
oplional extension

If the extension 1s omitted. SYM 15 used

If the path is ommed. the path (If any) specified by the
DawPath option under Enviren 18 used

The filc 18 read when the popup meny 1s exited by hiting
< Enter >

Warning Any current symbols will be deleted

Ahler
Specify the number {from 32 16 127) of ihe yymbol to edit or create

Afier pressing < Enter > | the graphics screen will appear, and you may edit or
create the symbol using the commands Listed at the botom of the graphics
screen  Use the curser arrow keys to move the cross-hairs

Symbols are siored as a |ist of records.  Each record has the XY location

of a petnt, and, a command The command s exther 2 MOVE or 2 DRAW A
MOVE

Is 2 pen-up move 10 the poiat A DRAW 15 2 pen-down move to the point trom
the previous pont in the st (herce a line would be drawn from the previcus
point to the current point) A symbol consists of one or mare chains of

points, the first potnt 1n each chain having a MOVE command, the rest having
DRAW commands.

The commands are:

+ Draw and edut the next character. (= may be used imsicad of +)
- Draw and edit the previous character.
<Esc> Escape back to the main meau

5 Sur Surt drawing a chain at the current cress-hairs location
{A record 15 appended to the hst with the MOVE command )

D Dnw Draw a line from the last point 1n the desi to this point.

(A record 15 appended 10 the list with the DRAW commard )

R Remove  Remove Lhe point 21 the cross-hairs from the list of pomis.
{The iast record hung tus XY 4 1s d from
the list. If there are more than one records for this
locauion, only the last 15 removed.)

T Toggle  Toggle the suatus of the pownr as the cross-hairs
(The iast record matching this XY locauan has is MOVE/DRAW
status changed 10 the other staws I the former status was
MOVE, this will link the previous chain to this one  |f the
former status was DRAW _ this will split the chan }

M Mowve Move the pornt at the cross-hairs. This 15 2 2-step command
Posiuon the croas-hairs aL a point, Press M Position the
cross-kaers at a new pornit, Press M agon Only the lati
point 1n the record List wihich has the first cross-hair
tocauon will be moved.

I Insert  Capture and cut a hine and msert 2 new point berween the
endpomts, This is a 2-siep command  Position the cross-hars
near the desired bine and press | The capuwred line wilt
change color and be dathed | the wrong line was capured,
press any key but 1 and try again. Then move e cross-hains

10 the new tocauon and enier | The old hine will be crase.
and two hew [ines witl be drawn rom e olg endpoints 1o 1.
ncw poInt

W Wadih Dedine the width ©f the symbol
This need not be the plolied width of the svmbo;  The et
and fight vaiues are used 10 pOSILION S¥YMbOIs when severs,
are piotted 10 a texL SZING SUCH AS 3 title N1 the waddt
15 smaller than the plotied symbol  then adiacent svmbeis may
overlap Jf the width 13 much larger than the piotied symbol
1hen there mav be large gaps between adiacent symbois
If the width 15 the same for every symbol In 3 svmboi set
then the set has fixed spacing 17 the widih 15 appropriate
10 the plotted widih of each svmbol, then the seL has proows

tional spacing
Q Toggle prinung of records
Q Toggle prinung of records

The default 15 10 not prise any records  However it recon
printing 1s emabled, then when the cross-hairs are over a
point in the record list, the corresponding records will be
prinied on the IR $ide of the screen This may be useru!
on.occasion bul s a very siow option

Probiems”
Musing pélnls mussing lines, nonexisient lines” 1t doesn’y look right™

During an editing session, especially when many poinis and hines have
been created and deleied. artitacts may be lett on the serech whicn are nou
pan of the character, To save tme, the charazict 13 POL Fedraw n alier every
change. hence to abiain the true screen image of the ¢haracier 1118 necessan
(0 ex1l the eding session, and then re-edir (Alter} the characicr

Copy
The user may copy 2 s¥mbol 1o another location

Warmng: It a symbol already exisis at the destinaion 1t will be derered

This optron is wseful, for example. when stmilar symbols must be created
such as for an insernanonal characier set. One svmbol is created
first, then copies are mace and accent marks may be added (o the copies

Delete
The user may delete a2 symbol  Note that a Deleie cannat be unaone

Somenmes 1n editing a symbol set, the user may delee all the ponts and
lincs of a symbol. and the symbol appears in the svmbol tble as having zero
records. If that is not dessred. this option May be wed 10 delete the symbol

{Sometienes a blank record may be useful, 10 ke up space In1ext tor example,’
a5 1L will be pioned as a blank  Hence. blanks of d:fferent lengths mav be
created }

Xtract
The yser may extract a symbol from another symbol set.

Warning: if a symbol already extsts at the desurauon, n will be deleted

The specified symbol will be copied from the specificd symbol set and placed
imo the new lecation

Sare
The user may save 1he resulis of a symbol edu session 1o a symbol file

Output symbol set. The output symbol file must be a valid DOS filespee
g of an op | drive, op | path. filename. and
optional exiension.

If the extensiwon ts omatted, .SYM 13 used.

If the path 13 omesied. 1he path (1f any) specified by (he
DataPath oprion under Environ is used,

The file 15 writen when the popup menmu 15 eailed by hittang
<Ener>.

Optinuze
The user may optimize the enure symbol set or ane specified symbol

This gperanon will anempi 1o join disconnecied segmenis  For example, the
captal lener A may be drawn as thres separaie segments, Opumize will
conneet the two sianted sepments o oee chain a3 shown, Thss minimizes the
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verucal and norizonta) Pen MOLICK 01 3 PIOKEEs, as well A5 GECreasing e 512
of the svmpol file,

2% Move to ! z More 10|
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ar Move 103 LR Draw to 3
i Draw 104 LR Move 1o 3
¥ ¥ Move 10 5 L Draw w §
» L Draw w0 6 ] #
I RERRRNARRAN & 4 KERRRRRENRR S
L] r L] L
[ ' L ”
¥ » ¥ ”
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Yiew

The user may view Lhe $ymbol set, 32 symbots at a ume, on the graphics
screen  Note that the function key <F2 > and the menu selecion View have
the same runetion

Use the + and - keys 10 advance or back up a screen  There are three
screens of symbols  (For convenience. the = key 13 equivalent o +.)

If 2 symbol does not gxut, the symboi box wall be drawn as a verucal line
Tie user may view a single symbol a1 3 it by telecting Alier and emening
a symbol number The + and - keys may be used to advanct or back up onc
character ara time

Symbol sets
The following Symbol sets (fonts) are avaslable, The sets may be altered using
the ALTERSYM program

SET!SYM Simuar w detault
SET2SYM Simplex Greex
SET3I5YM Scrip

SET4 5YM Simplex Roman
SETS 5¥M Duplex Greek
SET6.5YM Simplex ltabes
SETT 5YM Duplex Hershey
SETB.SYM Duplex Script
SET9 SYM Cynille

SETI0 8¥M Triplea Raman
SETIL.SYM Triplex lualics
SETI2 §YM Old German
SET13 SYM Olg¢e English
SETI14 5¥YM Olg lalan
SETI15.8YM Specsal Symbols
SET!6 SYM Specual Symbois
CENTERED 5YM Centered Symbols

For math symbels, use SET1S and SET16
. Using the Help System \
To obun help relevant 1o the current wopic press F1, the HELP key. To

obuan further help. select any of the apuons at the top of this screen

To select a Help oprion either type the first lener of the option or position
the pownter with the arrow keys and press the Enter key

Toexit the help system and return 10 the ALTERSYM menus, press the Esc key

Special Keys
Tha following keys have special purposes

F1 Help

F2 ¥iew the symbol set on screen

F3 Return 1o ALTERSYM Menu

F4 Save all current setungs i a specified command file

Shift F4  Store haghlighied seiing in command file ALTERSYM CMD

F5 Durecrory

Esc Back up | level (Exus ALTERSYM at ihe ALTERSYM Menu}
Enter  Sejegt currem oplion begin processing 1f on botiom row of pop-up
Arrow keys Move highlighted poimer

Home. End Move 1o the beginning of end of a lexl ine

Topic Menus
Two differen types of menus are used 1o make choices. The first 1ype appears
on the upper two lines of the screen. This type of menu 13 used 1o rapidly
select major opics and 15 calied a ropic menu The menu at the top of this
$CTEEn I3 A topic menu. Arrow keys may be wsed o move the highlighted poimer
w different opuions.  As different options are fughlighted a brief explanation
of the current option will be displayed on the second row of the screen
After positioming the pointer to the desired opuon, it may be selected by
pressing the Ener key  Opuons may be rapidly selected by typing the first
Letter of the desired eption

If Esc s pressed while in a lomc menu, the previous menu will be displayed
Esc may be pressed wntil there are no more previous menus. In this case the
program wiil end and return 1o DOS

[

A second WD of Mehiu KROWN 43 3 pON-yub Menu w il apocat in Carious Dlales
the 1w XON0n O Lhe SCIeen These menus are used (0 SPETIY A0l
relaicd values a1 one [iMe The atrom kevs will mave the NIERILER, P00 O
field to anotner  To change 20 OPLIOR SIMPly 1yPe 1IN the OCHITES vdiuc and
press Enter of the Up or Down arrow kevy

Pressing the Enter kev wath ihe pointer on the bottom field will accept the
current valucs and begin anv related processing

The Esc aev mav be pressed at am ame 10 back up | jevel 10 smng o0
value 15 being crunged wnen Esc s pressed the previoas siring or vaiue wifi
be reswored  Pressing E3c 2 second ume will exil the menu

CrmdLine
TFhe formar of the ALTERSYM command line 15

ALTERSYM [opuions) [Symbol file)

where oprions can be any of the progmmmable ALTERSYM varabics that appear in
the ALTERSYM command file. Any varbies 1hat appear on the command iine will
overrude those in the command file. All opuions must be immediately preceded

by a /or - characeer  Opuions mmust be separated with spaces of by,

Smings contimng blanks o bs musi be enclosed 1n double quotes  Type the
ALTERSYM.CMD file for a complete hst of valx options,

The last argameén: may be a file specificaton tor 2 symbol file in e 10rmat
used by the ALTERSYM program. ALTERSYM will read the file and place the
user at the ALTERSYM Menu.
Example ALTERSYM /SCRTYPE w AUTOMATIC TEST 5YM

Environ
The Environ menys are used o condipure ALTERSYM 107 the mstaliec matdware
In most cases. ALTERSYM wili make teasonable pucsses as i tie momusr e
colors, €IC DUD 1N some cases 11 May be desirable to override the actaill
values

ScreenType configures parameters related 10 the monrnor such a5 (k: vpe ot
adapter, and whether 1o ehmimate snow, use the BIOS, of wrig direcily 1o the
video buffer during display output. Viewing parameiers may also be specilied
including the s1z¢ of plot 1o fit on the screen and the plot onigin

Menu colors are se in the MenuColor menu. while plot colors are sei in the
YiewColor menu. Plor colors are used while viewng a svmbol on ine EGA or
VGA adaprers

DawaPath specifies the path for input and output fides

DataPath
Emter a path for all input and output files (dauw files, grid files level
files, text block files, pasting files, color zone files, eic. ewc ). In other
words, this path refers 10 those files referring 1o the users’ daw or which
control the plotung of said daw.

This path docs not 2pply 10 ALTERSYM.CMD  That 15 expected to be 1n the same
directory 2s ALTERSYM EXE.

Lf no disk drive s specified, the curremly active drive 15 used.

H the disk drive 15 specified with no directoraes, the currently aciive
directary for thar drive 1s used

tf the path specification 1s deieted or blanked, the currently active dircciory
15 used

There are 3 paths of interest

I. The path as specified under DataPath

2 The path used (o acuvate ALTERSYM
3 The currenuy active directory.

The las1 is used onky 1f the first s biank or deleted.

ScreenType
Use 1his menw (o configure the display type and characteristics In general,
the defaull settings should be adequate and are best lefi alone 1§ 1 g
NCCESSAry 10 change a secung. it may be saved with the Shift-F4 key,

Graphics adapter Lise this opuon 10 specify the Lype of graphics adapeer
nstalled on the computee, The defanit setieng of Auto
will allow ALTERSYM to determine which adapter 1s snstalied.
Care should be used when changing this option, since damage
Lo the monitor may result from invalid seitings

Screen width  Thes t5 the plot wadth 1 inches to display horizonually



acfoss the ScTecn Whch viewing 3 piot This does hot have
10 be the pviical widih of the screen As an example 1f
screcn widih is set to 2 inches the enrire screen will
¢ used (o plot 2 2 inch portion ot the plol staring At
the current scieen onigun This is similar 1o zooming 10 on
a plot: more dewl 18 shown, dut portions of the plos will
e off the screen

Screen ofigin  The screen onghn i3 the X.Y coordimates i inches of e
Igwes left cormer of Me screen This o used to specify
the position of 2 plot on the screen “When zooming 1n with
the screch width option, the scresa ofigin can be s=t 10
specify which portion of the plot 10 place on the sereen

Elumirate snow  Snow consists of random flashes of hight when the display
15 being wrnten to Usuatly, ALTERSYM will cormectly deie:-
mire whether snow ¢l 15 y and lly
ses this value. Snow elimination 1§ asually only necessary on
IBM color graphics cards ¢(not EGA's). and will siow output

comiderably This value 15 ignored of the BIOS 15 used

BIOS ALTERSYM will usualiv write direcily 1o the video buffer for
performance reasots On some compatibles or multiasking
operating systems. this may cause problems To use the ROM
BIOS for all screen output answer YES 10 thus prompl. Note
that this wtll slow all screen putput

MenuColor
This meny allows selection of the three colors used in ail of ALTERSYM s menu
sereens. All passible colors are displayed on the popup, even though some
of the colors may not be visible on monochrome monitors. To save the selecied
colors. use the Shuft-F4 key o swore the value 1n the commuand file

ViewColor
Currently. the EGA and VGA adapters are the only supponed adapters with
plociing colors, Since 11 18 ofien desirabie for the pen colors of a plocier
10 represen: the samc Colofs on the screcn. this meny aliows the pen numbers
10 be assigned w0 an EGA (VGA) color value

Blue | EGA color values are calculated by mixing the 6 base coloes

Green 2 from the able at left The colors are maxed by adding n

Red 4 he desired color's numernic code. For example, pure red has

Dark Blue §  a coior value of 4 High intensity white (2 mixture of all

Dark Green 16 colors) 1s 1+2+43+8+ [6+32 = 63 Black 1s the absence of all
Dark Red 32 color, and has an EGA color vaiue of 0 The brighiest colors are
formed by a combinanon of the normal and dark colors,

For monachrome EGA ‘s the only possibic color vatues are 0 8 and 24 Even
though 64 colors are possible. only 16 may be displayed a1 once on a 256K
EGA. and only 4 coloes at once on a 64K EGA These imis are imposed by
the EGA hardware

| 8
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l GRID Menu
e ———————
GRID creates and manipulates files of regularly spaced qata points calied
grd files  SURF and TOPO use inese files (o crezze 3 dimensional suriace
DIOtS 2nd CONOUT maps

i

From the GRID Menu seiect

Rangom w0 create a grid file from irreuiarly spaced dati
Function o create a grid file trom a tunchion of 2 varispies
Modify o smooth. Blank. of madify an exising grid
Environ w0 specify the hargware configuraton

To learn mose about the hetp system. select the desired topie above with the
arrow keys. and press Ener  Press the Esc key ta exit the help sysiem and
rewurn o GRID,

Random Menw
The Random menu contains all eptions eelated 10 ¢reating a gnd from random or
wregularly spaced XYZ daia  Each dawa point consisis of 3 values: an X Y_and
Z coordirale  Sce the GREID manual for exampiles of randomiy spaced data

Usuzlly the firss step ts to ges the XYZ data into GRID  The Lnput opnien
will accept data from the keyboard or from several different types of data
files Afir the data 15 entered, the other oprions 1t the Random menuy are
used 10 control the gridding process

Quiput assigns 2 name 10 the ourpat gnid file  Duplica wlis GRID how w -

handle points with 1denuical XY coordinates. GridSize specifies the size or
densicy of the final gnd  En general, the denser the grid the smoother and
more dewaled the finai plows wil) ¢ Method allows the user © specity the
prugding method to use  See the GRID manual for 8 discussion of the meris of
the varicus gridding techniques  Search will set the parameters used o

search for data points during the gridding process  Limus specifies the
coorcinates of the edge of the grid, Begin 1s used o begin creating the

grid after all the above parameiers have been set 10 their desired values

Function Menu
The Function menu 15 used 1o create a gnd from a user specified tunction of 2
variables  These variabies must be named X.Y. and Z, and correspord (o the X, Y
and Z coordinates of a paint to be calculated See the gnid manual for examples
of vahi¢ funcuons

The funcuon 15 evaluated at discrete pounts corresponding o the grid nodes.
The coordinates of these potnts and the gnid dersny are calculated from the
mInMUm Maumum. g increment values wput by the user I the minimum,
maximurm, and increment values are L, 10, and | for both the X and Y axes. the
final grid will have (10 X [0) or 100 values.

Equations may be undefined over a portion of the grid resulung 11 math errors.

For example, the equzuon Z = X/Y will be undefined when Y =0.0. Il the Y range
and incremen are such that Y wl equal 0.0, a math error will result and the

£rid node will be blankegd

1¥ an " Insufficient mermory” error occurs while creatng the grd. make sure the
worksheel in [Random Input) s not being wsed, since u requires a large amoun
of memory

Modify Menu
The Mochfy menu allows the user o change a previously created grid file. The
Smooth option wall smooth a grid o elimmate irregularites in the surtace
and produce a more aesthetic plot

Blank will read 1n an exisung file with coordinates of a region to be
bianked. This region will be marked wiih special values in the gnd file 1o
chminate contour and surface lanes 10 the final phot

Math 15 used 10 perform mathematical operations between two EXISURg grid
files of the same 512z An equanion 15 speified to define the mathematical
operation  Any valid equation may be specified and may use any of GRID's
bullt-tn functions. N

Input Menu
The Inpui option aliows you 10 enter XYZ data from the keyboard or an exisiing
daua file  Edn will place vou dircctly into GRID's worksheel where all XYZ
data are stored  The worksheel 1s up 10 26 columns by up 10 46,000 rows
depending on availabie memory

Xiernal wikl input data from an exisung ASCH or Lotus 123 file 1o the
worksheet  This data may then be edied with the Edit option if desired

Insert, Delete. Copy. and Move will perform operations on an epure
group of data in the worksheer trom a sungle cell (o an entire range of cells

Format wall allow the user to change the wav a numeric value 13 printed 1n
the workshest. Opuions exust for Fixed Exponential. and General formals

Transform will apply a user specified equanon 10 thedaca.in | or more
columns o calcuiate 3 new column

= 5]

The Save option will save the current worksneer as an ANCH 12

Duplscare Meno
Duphicate data points have 10enucal X and Y COOIBIRALES DL D" NC, 23
wentica!l 7 cooranales  SInCE the QiStance DElveen Ihese Mty 1o 144 e
aistance weiphtee grdding IROFINMS are ynabie 10 Calculale a £rd ol "0 °
e qata To avond ants problem. GRID will make a pass throus ™ 19 1000t ae
1o aelerming It ans POINLS are Kentical

1t the Average oplion IS selected. ali poires with wienical XY coorainates
will have therr 7 coordimates averaged  All these points wil) be repaaced by &
single point represciing the average

Delere will treat duplicate data poinis as errors and sili remose the poinLs
before the gridding process. The porms are not del¢ied mom the worksheet

Sance checking for duplicate points 15 1me consuming for large grids he
Lgnore option 15 included for users who are sure tneir data does not contam
duplicaie data posms  The duplicate checi 15 bypassea ana grading proceecs
immediately

GridSize Menu
GridSize 11 used to specify the demiry of the finat grid  The imis of the
gnd do not change: only the number of grid nodes within the limis A grid
density of about 50 tn each direcuon usually produces pleasing resuts  See
the GRID manual for examples of the effecis of different grid densizes.

Gnid derg ity may e specified by the Number of grid lines along each side

of the grid {X or Y) When this oprion 1s used, GRID will update the screen o
reflect the Disiance between grid iines at the new densin The two opions

are always svochronized

The Distance between grid lines opuan allows the density of the grid 10 be
specified by the distance betwesn prid podes an X or ¥ data umits along cach
side of the grid  GRID wll adjust these values 1o obain an ineger number ol
grid lines between the current grid lumits (f necessary  As an example assume
the grid hmts along the fongest side of the prid range rom 00w 70 It
distance of 2 018 requested, GRID will adilst the distance o 2 333 s 20
will not divide 110 7.0 evenly A distance of 2.333 results in 4 grid ines

The last optron aliows tor different unus ineach direction | Y unats are
teel and X unus are inches, then enter 12, since 1 foot = 12 inches

Method Menu
There are currently three different gridding methods avaslable
Iverse distance. Kesging. and Mimmumn curvature  Inverse diszznee 1<
faster than Kriging but docs nol represcnt the original data as accurateis
M tntmum curvature 15 usually the fastest method, If the maximum error 1s nol
set too small, and will honor original dawa by setung the nearest grid node 10
the dara value {or average of the closest daes values)

Inverse distance uses 2 werghted averaging technigue to interpolaie prid nodes
from the XYZ data The weights are inverseiy proporuonal 1o the distance to
the grd node. Dara points further away from a given grid node wall have less
influence  in agdirton the weights may be raised 10 a power o tncrease the
effect of the weighung funcuon  Inverse distance squared 18 the most common
uc'!ghtmg power

Kriging uses peostansiical iechnigues (0 cakulate the autocorrelanon

between data points and produce 3 mrmimum varance unthased esitmaie o

theory, no other gridding method can produce more accurate esimates  In

practice. the efiecuveness of kriging depends upon proper selection 01 various.
parameters. These pararncters are esumated by GRID and may not be exact  Even
so, hriging produces much more accurate maps than fnverse Distance

Mimimum curvaiure first examines 31 data and sew the nearest gnid node 1w
that dara valye {or average of daia values), thus honoring the data  Note that
this may pot give sausfactory resulis for coarse gnds'cx notsy data  Then
the vaiues at the other grid nodes are computed so as 10 geve 2 pridded surtace
of mimmum curvature through the set grid nodes  Because of he refinement
method used. only odd grW sizes are allowed for Mimmum curvatere  If the
mMaximum error 15 a reasorable value, considering the range of Z-vatves and
tequired accuracy, and given a good diseribution of data, then this method 1s
the fastest of the three  However, 1f daca are poorly distributed. for
example, of there are no daw over a iarge subregion. then e resulis for that
subregion may be quite poor, and the method may be quate slow to converge,
This method should not be wsed for extrapolation tio large regions withoul
data, as resubts are unpredictable, and it should only be used with cayton if
ihe data are quitt noisy

Search Menu
A scarch 15 performed by GRID 10 determene which XYZ dala points to use e the
calcutanon of the current grid node

A Normal search will use the N nearest data points around the current grid
node thai are aiso within the specified search radius N 1s specified at the
Number of nearest points  prompl

Quadran: and Octant searches are simalar to Normal scarches except that
the oumber of nearcst poinis and search radius are applied 10 cach guadrani or



oftant respeetively  These type of searcnes are used o Lesure that dag
points from ail sides of the grid nooe are used racher than from st one
direction  This will improve e accurasy of the gnd for iinearty onented
data

The All cotien will disable searching and use all of the 1nout dau points

[0 calcwate cagn grig node  This can sigmificantly feduce the amount of
Itme required wnen a large number of Closcst pOIMs are desired anyway A
tradeoff 13 mvoived 1n that even thOUZh PO HIME 15 SPENL Searching. more Lime
musi be spent 1o use all of the daa points 1o the ghid calcuiations  See

the GRID manual for examples of the different search methods.

Limits Menu
The hmuts of the gnd refer to the XY coordinates of the grid edges  GRID
will use the Iumus of the original XYZ data as default values for the grad
b, These values may be overnidden to create a grud tha s larger or
smaller than the onginal daia in areal exiznt  Note that extrapolanon
outside the data range will oocur when the grid limiis exceed the daia himits
Since therz 15 no data on the puside edge the quahly of the esumanon will
dcieriofale

When creating a grid smaller than the original data. i 18 possible 1o either
inciude or exciude the data points outside the grid imits 1n the gridding
calculations. Answering No (o the Dhscard data outswie himats- prompt will
ielode outlying data 10 the gridding process.

Columns
The X, ¥, and Z columns for gridding mhay be selected.

For example. the X column may be the 2nd in the daga file. the Y column may be
the 5th, and the Z column may be the Sth  In this case, if the file has oot

ye1 been read intp the worksheet then 9 columns will be the defauly for
allocatson, If the user has read fewer than 9 columns, or atlocates fewer than

9 columns, or if any of these columns do ot exist an the data file (or o not

have numerical daa), thes an error Wikl regult

Edit Screen
Ednn mode 15 used 10 emter data trom the keyboard Numeric or labe! data may
be entered. To enter a numeric label precede the label with a single or double
quote A column of data may only be text or numeric, never both  The type 15
determined afier the first value 15 entered in the column  To reset the column
type all daw from the colump must be removed

The following keys may be used for ediing,

Up Moves block cursor up 1 row
Down Moves block cursor down 1 row
Lett Moves block curser left | column
Right Moves block cursor right 1 column
PeUp Moves up | screen full

PgDn Moves down | screen full

Shifi-Lefi  Moves left 5 columas {1 sereen full)

Shife-Right  Moves raght 5 columns (1 screen full) -
Home Moves 10 top row 10 current column

End Moves w botom row 1n curTent column

Shift-Home  Moves to first column

Shift-End Moves 10 last column

for Es¢ Returns (o Input menu

Xternal Menu
The Xiernal menu ts used 10 read an existing data file into GRID's worksheet
The daw file May be in cither Text {(ASCI or Lotus WKS or WK | formats
Worksheet columns are formatted for esther label or numeric daia but never both
Afier GRID has formatted a column for a given data type u will sgnore any hnes
in the data file that violate the current colymn formas, Because of this, all
data 1n a given column must be of the same type (label or numeric)

Text files may be viewed on 1he screen wath the DOS TYPE command and
comust of normai printabi¢ characters only  Only as many columns are read
tnue GRID's worksheet as are allocaicd  Each tine 1n the fite will become one
row 1n the worksheer. The daw may be xeparated with spaces, tabs. or commas
Sirimgs must be enclosed 10 single or double quotes if they conatn spaces,

tabs, or commas

WKS or WK1 files are normatly created from Lotas 123 of Symphony  Only as
many columns are read inie GRID's worksheer as are allocaicd. uniess Aue
allocatson 1§ sziected  The dai2 mast be forenatied 1n columns- there 13 no way
to 1ranspose rows to columns

Block Operations
All black operations operate on a range of cells. A range of cells 13
specified by twe oppotite corners of a rectangular block as in AL:BS, Inths
example. the rainge includes all cells in the rectangle with the upper left
correr &1 column A row |, and the lower right comer gt column B row 5 A
smgle ccll may be specified as in C12 €12,

Insert will imsent the specified rews of columm mio the worksheel  All
exisung rows or columns will move down or o the Light to make room
Delete will delete the specified rows or columns from the workshee:  All
exssing rows or colummns will move up or left o filkm the deleted block

T~

-]

If Worksheer 18 selecied, the enure worksheel will be deleted and acaliocate.

Copv copies an eniire range of ooils to anginet JOCation 19 the worLsnes
The desizranon cril relers 10 the upPer icH COPNET O (ML TONIES Dlin e

Move wil! move a range of colls 10 2 new wocaior  Coumes and fow L widi m
mowve 10 to fill the onginal blogk as tn the deleie opron amns

Format Menu
The Format option 15 wied to speciry the [Ormat 1oF numenc values Ina given
column The entirc Clumn 18 forMatted a1 once 10 1S ROt passible 10 10rmal
only part o' a column

Transform Menu
Trarsiorm 1 used 10 caiculate 3 column of data from 0 or more exvishing
columas of daa  The calcutanion 15 based on a user specificd equation  The
cquUanon May have columa variables corresponding 10 1he column lelicss ol the
worksheet

AS an cxample corsider the equabion C = A = SINB) GRID wilt caicviaee e
sum of cotumn A and the sin of column B and place the result in foumn U

Thus process will continue for each row that has & valuc anrow A and B The
equalions are nok stored in the workshert, 30 column C 10 the abov ¢ exampic
would not e updated if » tubsequent change was madc 10 column A of B [t data
13 mssing from cotumn A (or B) on some rows. then ne calculation will be
performed for those rows,

Save Menu
The Save option 13 used 1o save the current conients of the workshezi 1o 2
disk file. Save files are slways ASCIl wext files  Columns are delimuted by
spaces 1r the files, and rows by carruge returns  GRID does noc automalicaliy
save the worksheel, 30 10 13 a good idea to pertodically Save Lhe worksneet
when making many changes

Smooth Menu
There are currently two different smoothing methods available in GRID, Spline
smoothing will fit a cubie spline o the anput grid and imterpolaie addinonal
values for the ourput gnid  This resulis 1n a denser grid with the oripimsl
daia pounis preserved

Matrix smoothing passes 3 user defined smoothifg matrix over the nput grid
Data under the smoothing manx 15 weighted and averaged 10 produce the Ouiput
grid  Sance this operation 1s undetined at the edges of the phid Lhe output

grid will be smalter  Because of the averaging process the vutpul prid will
have iower highs and higher lows 1han the input grig

Biank Menn -
Specriicd poruions of the prad file may be set 10 2 special value and blanked
during the creanion of the pior  Blanked areas will appear as llai regions
surface plots and will cause suppression of contour lines 10 contour maps

Blanked regions are specified by a sequence of X.Y coordinates defining a
closed poiygon. If the polygon does not close. GRID will add a segment to
close the polygon  Polygon sides must not cross. A blanking file is used
10 specify the region o blank, The first line ts a hender consisung of the
frumber of poknzs 1o follow and the sude flag. If the side flag 18 0, grig
¢lements puiside the polygon are blanked If the side
Header fag 11 !, the grid elements nsice the polygon zre
Pount | blanked The ennre tequence may be repeated any number
Point 2 of tumex 1o blank multipie regions  In the example 10
Poant 3 the left, the ins:de of 2 trrangular region will be
Point 4 blanked

B B oo
[N VR Ny .

Mauth Menw
The Math option allows two existing. identically sized grids 10 be combined
maitemarically to form a third output grid, 17 1he grids are difterent sizes
on disk, a subset may be read in 30 that the final sizes are identcal

An equation it used 10 3peeify how 10 combine the two input ghids. The
equation 15 3 functon of 2 variables named A and B These variables
correspond 1o the two input grids.  Any of GRID's buili-in tuncuions may be
used 10 the equations

Matrix Smoothing
Matrix smoothing passes a smoothing matrix over an exishing prid 10 average
those grid points nearest each grid point 10 be smoothed  The matrix is
specificd by the number of columns and rows on either side of the gric point 1
e smoothcd, and the weighi of the center point of 1he matrix

1234567 Inthe example arlefi. + yigns represen grid nodes, while
I+ 4+ + 4+ 4+ + 4+ x'5sand the o represent the smootbing matrin The gnid 15
2+ xxxxx+ 5rowsby 7columns, the smoothing maunx 1s 3 rows by §
J+xxoxx+ columm, The grid node currently being smooihed 15 row 3
4+ xxxxx+ column 4, Each prid node under an & will bé weighled by
S+ ++ 4+ + + 4 e value of the smoothing matrix $nd $veraged in 1o obain
a new value for the center grid node, The matrax will then
be shifted 2nd the process sepeaied unty the emure grid is smoothed. Notice
that the edges of the grid are undefined and will be blanked

For non-distance wesghted smoothing, the x nodes will have a weight of 1 0 and



the © node will be assigned the cemer point weight  Distance weighted
smootning will ass:gn welghts 10 each x cased oo Lhe wnverse of Lhe distance 10
the center raised (o a specilied powsr

Splhine Smoothing
Spline soOLNING fits a cubic $PNNE to an cxisting prid 10 NIErpolate mew
valucs berween exsting grio nodes  This increascs the dersiy of Ing gnd
altowing sMOOINETr contours and surtfaces The X and Y gxpansion 1actors reler
10 tNe number of POINIS (o Isert belween sxisung grid nodes n the X and Y
directions respeclively  Splime smoothing may increase the highs and lows of
the ofipinal grid

* = * = * |nthe cxample A lefl. the asterisks represent
the original 3 by $ grid, The nodes represented
. by the dow were interpolated using cubic spline
** v " * ymoothing | point was calculated berween each node
1n the X direciion. and 2 points were calculated
o between each nade In the Y direction o give a
= = = = = final grd of 7 rows by 9 columns

Either the expansion fattors or the new numbers of columns and rows may pe
specsfied For exampie. the X expamsion facior may be set to 2 (the default
value) and the number of rows (Y direction) may be set 10 33 However, the
Y expansion factor may nou be set if the number of rows s set. as these are
mutcally exclusive,

Using the Help System
To obtan help relevans 10 the current (opic press F1, the HELP key. To
obuan farther heip. select any of the options st the wp of this screen

To select a Heip opiion either type the firsi letter of the option of posiion
the poimer with the arrow keys and press the Enter key

To cxit the help system and retwrn 10 the GRID menus. press the Esc key

Special Keys
The following keys have special purposes

Fl Help
F3 Return o GRID Menu
Fa Save all current sertings 19 2 specified command file

Shift F4 Storc highlighted settaing 11 command file GRID.CMD

F3 Directery

Esc Back up § level (Exsts GRID at GRID Menu)

Enter  Select cusrent opuon, begin processing if on boom row of pop-up
Arrow keys Move highlighted pointer -

Topic Menus
Twao differem types of menus are used (0 make choices. The first (ype appears
on the upper 1wo Jines of the screen. Thus type of menu is used to rapudly
select mapor toprcs and is calied a topic menyu. The menu ar the wp of this
screen 15 a topIc menu. Arrow keys may be wsed to move the highlighted poimer
w differem: optioms As differem options are highlighted a brisf explamauvon
of the currem option wall be displayed on the second row of the screen

After positioning the paimter 10 the desired option 1t may be selected by
pressing the Enter key  Opuons may be rapidly selecied by typing the first
Ietter o1 the ¢esired opuen,

If Es¢ 15 pressed whiie o0 2 (0pic meny, the previous menu will be displaved
Esc may be pressed unuif there are no more previous menus  In this case the
program wiil end and retuen (o DOS,

A second type of menu known s 8 pop-up menu will appear n various places in
the lower porlien of the screen  These menus are used to specify several
relaec values at one ume  The arrow keys will move the haghlight from one
field 1o another  To change an option simply type 1n the desired valuc and

press Enter or the Up of Down armow keys

Pressing the Enter key with the poimer on the bottom fickd will accept the
cutrert values and begin any relaied processing.

The Esc key may be pressed at any time 1o back up 1 level, If 2 string or
value 13 being changed when Esc is pressed, the previous sering of value will
be reswored  Pressaing Esc a second time will extt the mequ

Equation Caiculation
Equanons are specified using sundard infix nota1ion 3nd precedence rules
Operators i order of decreasing precedence are:

- umary minus
=! muinplcaton and division
+ - addiion and subwraction

Operators of equal precedence are evaiused from lefi 1o right  Parentheses
may be used 10 overnide precedence o for clanty. The following buili-in
functions are supported

acos(x) Returns the arc cossne of x 1n the rar@e 016 i
The value of x must be betwesn - | and |
&5In(x) Rewrns the are sine of £ 1n the range -pul2 to pu2

The value of 1 must be perween -] and |

amntt Returns the AIC tNRent 01 3 I the range -p. J W00
amr®y 1) Rerurns the arc @angent ol ¥« 10 e fange -p1w
ceilix) Relurns he sMalICsSt INIeger tat 15 greates Nan o cuud o %

Buitt i Functions 1continued:

£LOsINE Returns the cosine 01 1

cothint Rewurns the hyperboic cosine of »

expix} Resurns 1he exponennial funcLion of x <e o the 2}
fabs(x) Rerurns the absolutc value of x

fNoor (2} Returns the largest mmeger bess than or equal 1o x
fmod(a.y) Returrs the floating poim remainder of 1y

JO(xk Returns the Bessel unciion of the first hind of order 2€T0 at x
Jlind Returns the Bessel tunction of the firs: kind ot order one au
Jn,x} Returns the Bess¢l runction of the first hnd of order nata
logtx) Retrns the matural logarithm ot x

log 10¢x) Returns the base 10 logarithm of x

min(x.y} Rerurns the smalie; of x and

max(x.y) Rewwrns the karger of x and +

powix,y} Returps x raised 10 the vih power

randn(x.y)  Retwrns a normally distributed (Gaussian) rangom numbe? wilh
mean x and sandard devianon y.

randutx) Returrs a uniformly destributed random number from the interval
Qwx

sin(x) Returms the sine of &

sinhtx) Returns the hyperbolic sine of x

sqn(x) Returns the square root of x

an{x) Rewrns the tangent of x

anh(x} Rerurns the hyperbolic angent of x

vKx) Retwrns the Bessel tunction of the 2nd kind of order 2ere at v

ylix) Returns the Bessel luncuon ot the 2nd kind ot order one a1 »

¥youn.x) Returns the Bessel tuncuon of the 2nd hind ot oraer n.av
CmdLine

The fermat of the GRID command linc 13
GRID jopuons] | XYZ dawa file]

whese opuans can bt any of the programmable GRID variables that appear 1n
the GRID command file  Any varabies thai appear on the command ine will
overnide those in (the command file  All options must be immediateis preceded
bya for . charazer. Qpuons must be separated with spaces or tbs

Strings comamning blanks or abs must be enclosed in dowble quotes  Type the
GRID.CMD file Sor a complete hist of vaiid opuons

The tas1 argument may be a file specification tor an XYZ daua file 1w be
grdded, An XYZ dana file consisis of an XY, and Z coorgizaie on 2ach hine of
the file. This 15 the samc type a8 that read tm fTom the Xlernal oplion In

the worksheel. GRID will read the file and automatically bring up the

Random menu, .

Example: GRID /GRDNGL =50 /GM = KRIGING TEST DAT

Gridi
Gnid files may be wrinien v one of two formais: Binary or ASCI
Binary 1z much tastet and creares smaller files  However Binars files
cannol be Lyped, ediied, or imponed into programs other than those by Golden
Software  Because of these muations, files may 9¢ output as ordinary
ASCll text files  These files may then be smporied inio editors and other
programs for turther processing of modificanon

During input, it 1§ passible 10 specafy a sub-grid within the grid file  The
guestions peraineng 1o first and lase rows and columns reter to the hmis of
the sub-grid to read  GRID will exaraca only those rows and columns rom the
grud file chat comprise 1he speciiied sub-grid The detault range of | (o 32767
will read the entire grud.

Format
Numenc values may be formatied 1n a Fixed. Exponenial, or Gereral
format Witk each of these methods. the user may specify the mumber of digus
w the right of the decymal pownt, Intermally all numenc values are siored as
32 b ennues. Ths 1s equivalent o approximately 7 digis of precision,

Fixed format 18 of the form |-]xxxx xxxx where xxax s one or more digits.
The number of digits before the decimal potm depends on the magnitude of the
number,

Exponental format will prin values with the form |- Jx, xxxxE[sign]xxx. where
% 15 a single dign, xxxx it one or more degiis, and xxx 15 exaculy three
digus, and sign 13 + or -

General format will princ vadues in Fixed or Exponenta) foemal

whichever 1s more compact for the given value and precision  Trailing zeros
are truncated and the decimal poant appears only 1f one or more digns 1ollow
"

Enviren
The Environ menus 2re used 10 configure GRID for the instailed hardware, In
most cases, GRID will make reasonable guesses s 10 the monior 1ype, colors,



&0 DUl 1n some cases It mav be destrabic (o override the default values
DauParn specifics the path for imput and output files

ScreenT ype 15 used 1o $pectry dispiay oumput parameters  The first s
whethe? (D elImInate Snow Of oL, Snow consists of random Nashes of ligm
hen the displav 1s being writen o Snow glimimation 15 usualiy only
essary on IBM color graphics cards 1not EGA 37, and will siow ouput
onsiderabiy  This value s ignoced 1f the ROM BIOS 15 used

On some compatibies or MultIASKiNg OPEratng sysioms 11 is Necessary t use
the ROM BIOS for dispiay output  To use the ROM BIOS for all screen output
answer YES 0 the BIOS prompt in the ScreenT ype popup. Note that this wall
slow all 1oreen output

The MenuColor meny allows selecuon of the three colors used in all of GRID's

meny scfeens. All possidle colors sre displayed on the popup. even though some
of the colors may not be visibie on monochrome monitors. To save the selecied

colors, wie the Shift-F4 key 1 store the value 10 the command file, ™

DataPath
Enter a path tor all tnput 2nd ouput files (data files, grid files. ei.). In
other words, this path refers 1o those files referming 1o the users’ daw or
which control the gridding of said dam

This path does not apply o GRID.CMD  Thar 1s found n the same directory as
GRID.EXE

If no disk drive 15 specified. the curremly acnve drive s wed

I the disk drive 15 specified with no directones. the currently active
directory for that drive 15 used

If the path specificanon is deleted or blanked, the currently active direciory
1s used.

Thete are 3 paths of inwerest

[ The path as specified under DacaPath
2 The path used 1o activate GRID

3 The currently acuive directory.

The last 13 used only If the first 1s blank or deleted
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- PRICKETT LONRQUIST AQUIFER MODEL SYSTEM (PLASM)

MODELO MATEMATICO PARA SISTEMAS ACUIFEROS

-

DESCRITO POR EL METODO DE DIFERENCIAS FINITAS PARA RESOLVERSE POR
_(METODO NUMERICO) UNA VARIANTE DE METODO IMPLICITO 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 REGIMEN
TRANGITORIO, EN UN ACUIFERO CONFINADO, HETEROGENEOC E ISOTROPO

ES:
52 (B ()= s2ka

'T= TRANSMISIVIDAD

h=  ALTURA PIEZOMETRICA

t=  TIEMPO

S COEFICIENTE DE ALMACENAMIENTO

Q=  DIFERENCIA DE CAUDALES (EXTRAIDOS Y RECARGADOS) POR UNIDAD
DE AREA.

X.Y= COORDENADAS RECTANGULARES

DONDE:

"

PLANTEAMIENTOS DE LAS ECUACIONES.

CONDICION DE CONTINUIDAD O CONSERVACION DE MASA

CAMBIO EN EL

= FLUJOS DE - FLUJOS DE
ALMACENAMIENTO ENTRADA SALIDA
Q5 = @n + Q1L + Q3 - Q6 - Q4 - Q2

Q1 a @4 => TRANSFERENCIAS DE AGUA DE UN NUDO A OTRO. FLUJOS
DEL ACUIFERO.

Qs => CANTIDAD DE AGUA INCORPORADA O LIBERADA DELALMACENA

MIENTO POR UNIDAD DE TIEMPO. POSITIVO CUANDO
SE . LIBERA AGUA. g,



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 vy 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 (NUMEROC 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 = 0O .
NO SE PUEDE S=0 (DIVISION CERO )

B) ADEMAS DE AGUAS SUPERFICIALES
LAGOS, MARES => S = 1

( FIG NO. 10 p 33. DIAGRAMA DE FLUJO)
: 25



EJEMPLOS: MALLA DE TAMARO UNIFORME

ACUIFERO PROPIEDADES HOMOGENEAS E
- SOLUCION TEORICA ISOTROPIAS

NIVELES PIEZOMETRICOS INICIALES = CERO
INCREMENTOS DE TIEMPOS IGUALES

CASO DE ACUIFERO ILIMITADO
1) NR y NC = 31 ; LADO DE MALLA 300 m
2) T = 100 m2/dia
S =190.01
. W = 9920 m3/m
H=0
Qo = 0 m3/dia

3) DELTA = 2.5 dias
NSTEPS = 4@

4) Q(16,18) = 4000 m3/dia

9¢



INFORMACION BASICA PARA LA TMPLANTACION DE UN

MODELO

1.- DISCRETIZACION

- Planos Topograficos. Parteaguas.
- Plano Geohidrolégico.
~ Delimitacion del Area

- Geologia Subterrdanea. Cortes

Litoloegicos.

-~ Registros Eléctricos. Perfiles

Geclegicos.

- Geofisica. Geometria de las

Formaciones en el Subsuelo.

- Censo de Aprovechamientos.
Localizacion de Pozos Piloto.

-~ Seleccidn ge la Malla., Areas de

Concentracisn de Informacién.
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NFORMACTION BA A PARA LA IMPLANTA N N _MODE

2.~ PARAMETRIZA

- Pruebas de Bombeo. Aforoé en pozes.

- Interpretacion de Caracteristicas

- Distribucion espacial . de Caracteristicas

Hidrodinamicas.

- Adaptacion de Caracteristicas por Celdas.

- Construcciédn de Matrices de Pardmetros.
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1. 7. COZFICIENTE DE ALMACENAMIENTO ESPECIFICO DEL ACUIFERO GRANULAR., 160 °m !
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INFORMACTION BASICA PARA LA TMPLANTACION DE UN MODELOQ

3.- CONCEPTUALIZAC

- Moadelo Conceptual de Funcionamiento.
Definicidn de Entradas y Saliocas.

-.Distribucién ge la Lluvia por Periodos.
volumen ge Lluvia por Celoa. Adjugicacion
de Coeficientes de Infiltracion,

- C8lculo gel Cauoal de Infiltracion.

- Infiltracion y/o Drenaje ce Rios y AFroyos
C&lculo del Caudal por Celoa,

- Definicidn de Areas de Salldas agel Aculifero por
Evapotranspiracion.

' - Volumenes de Extraccién por pozo.
Calculo 0de la Extraccion por Celoa,
Separacion de Extracciones por Riego,
Inqustrial y Potable. Calc¢ulo de Laminas de
Riego vy Retornos a8l Acuifero.

- Piezometria. Red de flujo en Condiciones
Iniciales, Intermedias y Actuales. Hidrégrafos
de Pozos.

Evoluciones Piezométricas por Periodos.

- Condiciones de Frontera. Definicidn de Celdas
ce no Flujo C(inactivas).
Celaoas ge Carga Constante. Celoas de Carga
variable. Celdas de Flujo Constante.
Alimentacidén por Semaconfunamuento
Otras Celagas,.
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SIMULACION COMPUTACIONAL DE FLUJO EN MEDIOS POROSODS SATURADOS
Rodrigo Medina Banuelos
Introduccion:

El analisis del comportamiento observado de un acuifero, y la prediccion
de su evolucion futura, son objetivos importantes que Se pretende alcanzar
mediante una serle de estudlos multidisciplinaries que permiten simular el

movimiento del agua en medlos porosos.

La implementacidén de un modelo numérico de simulacidén requiere de
informacién proveniente de diversas disciplinas. .28 resultados
proporclonados por estudios geolédgicos, geofisicos, hidrogeoguimicos,
hidraulicos, climatoldglicos, etc. constituyen los archivos de datos que

caracterizan al acuifero estudiado. .

La metodologia que se emplea en el proceso de modelacion numérica,
consiste en obtener unz solucién aproximada de la ecuacién diferencial que
gobierna el movimiento del agua en un medlio porosc saturado. lLa regidn de
simulacién se define de acuerdo a la geometria del sistema acuifero
estudiado, ¥y se le imponen condiciones de frontera Jjustificables por la
geologia y la hildraulica subterranea. Adicionalmente, para la solucion
transitoria se requiere de condiclores iniciales (observadas o deducidas)

para el tlempo de inicit de la simulacion.

Una vez gque se dispone de los archivos de datos, el algoritmo numérico de
solucidon de la ecuacién de¢ flujo, condiclones iniclales y de frontera
especificados, .se procede a ejecutar las simulaciones de callbracion del
sistema, enfocadas a reproducir el comportamlento observado. La
incertidumbre en los valores asignados a los parametros hidraulicos y a la
recarga del sistema, entre otros., factores, pueden conducir a wuna
discrepancia entre los niveles pieiométricos observados y los simulados.
La calibracién del modelo conslste en modificar los'archivos de datos
propuestos originalmente, hasta obtener un funcionamlentc del sistema gque

sea similar al observado histéricamente.



Las simulaciones predictivas se realizan utilizando los archivos de datos
calibrados y permiten prever el comportamiento gue el sistema acuifero

adoptara en el futuroc al ser sometido a diversas politicas de explotacion.

Las conflguraciones de niveles piezométricos obtenidas mediante
simulaciones predictivas, son determinantes en la toma de decisiones para
el mane jo raclional de los recursos hidraulicos y para el disciio de las
estructuras requeridas. .
En los subcapitulos sigulentes se presentan algunos aspectos importantes
del proceso de simulacién numérica, entre estos la deduccion de la
ecuacidén diferencial que describe el movimiento del agua en medios
porosos, algunos comentarios acerca de los problemas con valeres a la
frontera, un ejemplo del procedimiento de solucién analitica de un
problema con valores a la frontera, y finalmente un articulo referente a
la simulacidon numérica del acuifero de San Luis Potosi gque |{lustra

concretamente la metodologia expuesta.

‘»?.



DEDUCCION DE LA ECUACION DIFERENCIAL DE FLUJO EN MEDIOS POROSOS

La deduccidén de la ecuacion de flujo para un medio poroso saturado se

puede realizar mediante un balance de materia en un velumen de control:

pvy — d_dz- {pv;)

Segun la ecuacidn de continuidad (Ley de Conservacidén de la Materia),
entradas (E) menos las salidas (S} en un sistema,

las
volumen almacenado dentro del mismo (AV).

son iguales al cambio de

E-S=AV

La masa que pasa por unidad de tiempo a través de una cara del volumen de
M
control

se puede expresar como pvA
LT
1 3
donde: p = Densidad del fluido M3
\ L J
[ 3
v = Descarga especifica L
| T

Las entradas menos las salidas en la direccion x seran:

pvx Ay bz - pvx + §12X51 A

X by bz
ax



Analogamente:

en la direccion y:

Al

pvy Ax 4z - pvy + _ELEEZ)QY Ax Az
oy
en la direccién z:
pvz Ax Ay - pvz + —fifif’nz &x Ay
dz

Las entradas menos las salidas en el volumen de control seran:

dl(pvx) . dlovy) | alpvz)
ax ay az

E-S-=-

Ax Ay Az
Dividliendo entre el volumen Ax Ay Az, se obtiene el cambio cn el
almacenamiento por unidad de volumen del sistema:

dlpvx) , d(pvy) . 9lpvz) (1)
ax ay 8z

AV = -

Para un sistema en estado estaclonarlo la variacién del volumen almacenado

con respecto al tiempo (Av) esllgual a cero:
AY = 0

Suponiendo densidad del fluido constante:

_ avx . avy . dvz . (2)

ax dy dz

ir
o

Sustituyendo la ecuacidn de Darcy:

a
v = = K —D en cada componente

aL



-a—ui(x@ + 8 Ky@ A KZEE‘=0 (3)
Bx ax 8y ay az 8z

Suponiendo que el materlal es isotrépico (Kx = Ky = Kz) y homogénco (K =

cte).

T2
+62=0 (4)
az

a%h 4 8°h
ax*® ays

Esta ecuacién es conoclda como la Ecuaclén de Laplace y es de gran
utilidad en hidrogeologia. La solucién de esta ecuaclon describe el valor
de la carga hldraulica en estado estacionario en cualquier punto en una

reglién tridimensional.
Flujo transitorio en medio saturade.

La ley de conservacién de masa requiere gque la masa que sc alpacena'por
unidad de tiempo por unidad de volumen dentro del volumen de control, sca
igual a la variacidn con respecto al tiempo de la densidad p del fluido
que se encuentra dentro de los poros del material limitado por el volumen

de control

dlpvx) . dlpvy) . dlpvz) . dlen) (5)
dx ay dz at

donde n es la porosidad del material.

Desarrollando el lado derecho de la ecuacion.

L 8lpvz) [ n e o én < 6)

ax dy dz at at

d{pvx} . dlpvy)

n e es la masa producida por la expansion del agua por unidad

at

de tiempo cuando cambia su densidad.

fol én es la masa producida por la compactaclén del medio poroso

gt



por unidad de tiempo cuando cambla su porosidad.

Se puede demostrar que el camb}o en p y el cambio en n se producen al
variar la carga hidraullca h, y que el volumen de agua producido por los 2
mecanismos cuando la carga hidraulica h disminuye una unidad, es 5s

(coeficiente de almacenamiento especifico [L_il)

Ss = pgla+nf) {7)

compresibilidad de la matriz solida

compresibllidad del flufdo

W
i}

El cambio de masa de fluido almacenado por unidad de tiempo es:

AV = p Ss gh (8)
at
La ecuacidén (6) se puede expresar como:
_ 8lpvx) _ alpvy) _ alpvz) _ p Ss dh (9)
Ix ay dz gt

Desarrollando los términos del lado izquierdo por medio de la regla de la

. . avx
cadena, y considerando que los términos p % Son mucho mayores que los

VX gg, y sustituyendo la Ley de Darcy, se cobtiene:
O kx| + & Jky ) 42 [k | - O (10)
ax gx 8y dy dz oz at

Considerando medio lsotropo: Kx = Ky = Kz

o &' gh _ Ss o (11)
ax dy dz XK at

2 2 2

n e o s o (12)
dx ay dz T 8t



Esta ecuacién se conoce como la ecuacién de difusién. la solucion
h(x,y,z,:) describe el wvalor de la carga hidraulica en cualquier punto

{x,y,2) de la region 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 f{rontera es un
proceso de 4 pasos:

1) Examen del problema fisico

2) Planteamiento del problema fisico en términoes de wun problema
matemdtico equivalente

3) Solucién del problema matematico con técnicas matematicas

4) Interpretacién de los resultados matematicos en términos del problema
fisico.

Los " problemas de flujo en medios porosos dan lugar a wun problema

matematico de la forma de problema con vaicres a la frontera.

Para definir completamente un problema transitorio de valores a la

frontera en flujo subterraneo se necesita conocer

1) El tamafio y forma de la regidn de flujo (geometria del sistema)

2) La ecuacién de flujo dentro de la region

3) Las condicicnes de frontera alrededor de la region

4} Las condiciones lnlclales en la region

5) La distribucién espacial de los parametros hidrogeoldgicos que
controlan el flujo

6) Un método matematico de solucion

Si el problema con valores a la frontera es para estado estacionario, no

se requlere conocer las condiciones inilclales del sistema.

Los métodos de solucién para un preoblema con valores a la frontera pueden

ser claslficados en 5 enfoques:

1) Solucién por inspeccién

2) Solucidn por técnlcas graficas (redes de flujo)

3) Soluclén por modelos analdglcos [circuitos eléctricos)

4) Solucidn por técnicas matemdticas analiticas

5) Solucién por técnicas matematicas numéricas (modelos computacionales)

-



Ejemplo de una solucién analitica a un problema de valores a la frontera

Considere el problema de flujo subterraneo mostrado en las flguras:

' V7720002000074
y = yL A B
k = K
h = ho E h=h

D rs7rresrresrrss C

X=0 X=X

La ecuaclién de flujo en dos dimensicnes para flujJo en zona saturada y

estado estaclonario es:

La expresién matematica de las condiciones de frontera es:

gh _ _ - o
y 0 en y=20 y Yy = yL A2)
h=h0 en X=0 - = - (3}

h = h en X = XL - - - {4)

Se obtendré h (x,y) usando la técnica de separacién de varilables:
Se supone en e] método de separacion de varlables que la secluclion es un

producto de la forma:
hix,y) = X(x) Y(y) ' - - - (5)
La ecuaciodn (1) se expresa ahora como:

+ X = 0 - - - (6)




Dividiendo entre X Y se obtiene:

><IH
Q
[Y}
[N
-<|-'
Qo
(M)
[ AR <

- - - (M

@

g x b4

El lado izquierdo es independiente de y. El ladeo derecho, a pesar de su
apariencia, debe ser independiente de y, debido a que es igual al lado
izquierdo. Andlogamente, el lado derecho es Iindependlente de x. vy

también el 1lado izquierdo. S1 los dos términos de la ecuacion son

Independientes de X y y, cada término debe ser igual a una constante.

entonces:
2 2

1 1
T = G Y ._.Y__._....

=)
>

= G - - - (8)

s1}
bd
n
@
~<

Lz constante G puede ser positiva, negativa o cero. lLos 3 casos conducen
a una solucidén tipo producto. Pero sole el caso G = 0 da lugar a una

soluclién que tlene significade fislco para este problema. Por lo tanto:

Qy
>

=0 - - - (9)

><|'—'
s 1]
x
n
n
o
<
<l
[T K1)
~
L

Estas son ecuacicnes diferenciales ordinarias cuyas soluciones son bien

conocidas:

X = Ax + B y Y=Cy+D - - - (10)

La solucién producto (5) es:

h (x,y) (Ax + B)(Cy + D) - - - (n
Los coeficlentes A, B, C y D se evaluan mediante las condiciones de
frontera. Diferenciando (11) con respecto a y se obtiene:

gh

3y (Ax + BIC - - - (12)



La condicién de frontera (2) implica que C = 0. La ecuacién (11} queda

como:
hi{x,y) = (Ax + B)D = Ex + F - - =-1(13)

De acuerdo a las condiciones de frontera (3) y (4);

F=ho y E=-(ho - hl1)/xL. La solucién es entonces:
= - - X - - - '
-hi{x,y) = ho -(ho - hl) vl (14)

Se aprecia claramente gque la ecuacién (14) satisface las condiciones de
frontera (3) y (4). La derlvada con respecto a y es lgual a cero
satisfaciendo la condicién (2). La segunda derivada de hix,y) con

respectec a x también es igual a cero. Por lo tanto la socluclén (14)

satisface la ecuacién de flujo (1).

10
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EVALUATION OF H DROTHERMAL SOURCES THAT SUSTAIN AN
OVEREXPLOITED AQUIFER AT SAN LUIS POTOSI, MEXICO.

I. HERRERA, R. MEDINA, L. CHARGOY & J. CARRILLO
Instituto de Geofisica, UNAM, Mexico City
Apdo. Postal 22-582, 14000 Mexico, D.F., Mexlico

ABSTRACT. A numerical model is implemented for the aquifer of the City of San
Luis Potosi, which takes into account the contribution of an underlying
thermal source. Previously, it was thought to be overexplolted. By means of
the numerical model, it is shown that this is not the case, because there is a
contribution from the underlying thermal source. Since the properties of the
thermal source are not known, the procedure used to incorporate them is to
adjust the values of the vertical hydraulic conductivity between the thermal
source and the aquifer until the actual plezometric levels in the aquifer were
reproduced. For this case study, such a procedure has produced useful results.

INTRODUCTION

The Valley of San Luls Potosi, 1s located in the high plateau of the Republic
of Mexico (Fig.1) and it lies in the semi-arid region. The water demand of the
City of San Luils Potosi, capital of the state of the same name, for
agricultural, urban and industrial uses, has been steadily increasing. Most of
the water supplied tc the clty 1ls 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 evolution of the aquifer, because
in the las}lfew vears the observez speed of drawdown has reached the rate of
1.3 m year . Howeer, if the hycr:z:lic balance of the aquifer is carried out
taking into account only what iIs :znown about the aquifer, the predicted rate
of drawdown s even larger. On :tIv -basis of thermal, chemical and hydraulic
evidences, In a previous study: :Instituto de Geofisica, UNAM (1988), it was
established that the differences bpetween the observed and the predicted rate
of drawdown is due, to water supplied by deeper geolegical formations with
thermal activity.

Taking into account these facts, it was decided to implement a numerical model
of the aquifer to improve the understanding of its behavior, specially with
respect to the deep thermal sources, and to predict the system behavior under
different exploitation policies for the next twenty years.
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Flgure 1: Location map of San Luls Potosi Basin

HYDROGEOLOGIC MODEL

the avallable geclogical, geophyslcal,

plezometric an
the proposed hydrogeological model of the syste
of reduced yleld and poor quality water.
aquifer overlies a "clay formation" which in turn confines a deeper aquifer
Most of the water is produced at this "deep aquifer”,
activity (Fig.2). Below it, lay the "thermal sources”.
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Figure 2: The hydrogeclogical model

In this figure, it can be observed, that the system of reglonal flow is
important for aquifer performance, produclng a vertical component of hot
water. For a detalled geologlcal description of the system, the reader |is
referred to the previous study: Instituto de Geofisica, UNAM (1988).

MODELLING CF THE SYSTEM

For the implementation of the numerical model, a conceptual model of 1ts
behavior was deflined, sultable differential equations were adopted, a computer
progran was selected and its callbration was carried out using the avalilable
information. The plezometric levels produced by the program, were interpolated
using the package SURFER: Golden Software, Inc., (1989) to obtain a more
convenient graphlcal representation.

The conceptual model

The liamlts of the area included in the model, are shown in Fig. 3 and were
based on geological conslderations.
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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 some places constant head (Fig. 4).
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Flgure 4: Area covered by the clay formatlon

The northern and southern 1imits were selected on the basis of the plezometric
information that was avallable and they were taken as lmpermeahle, because
there is evidence that the flow there, is negligible. The shallow aquifer,
located on the upper part of the system, functions as a unit independent of
the deep aquifer, because the clay layer that separates them is sensibly
impervious. Taking into account that most of the water ls produced at the deep
aquifer, the purpose of the model 1is the prediction of 1its behavior
exclusively, leaving-aside the shallow agulfer.

The Basic Equation

The governing equation.used was:

-

(., an (., ah a(, 3n) _ . &h

specific coefficient of storage [L ']

vwhere Ss =
K = Hydraullc conductivity [LT ')
h = Hydraullc head [L]
t = Time [T)



However, the analysis of the flow was malnly tweo-dimenslional, because only two
horizontal layers were incorporated in the model.

The computer code MODFLOW: McDonald & Harbaugh, (1984), was wused in all
calculations. This model applies the c¢ells method which ylelds finite
differences approximations.

. The deep aquifer can be satisfactorily modelled using a 2x2 Km grid and

applying finite difference schemes on them, as lllustrated in Fig. 4. Layer 1
"includes the best known part of the system, where the value of the hydraulic
properties are known or at least can be estimated. Layer ]l was Introduced to
model the deeper, less known geological formations which supply the thermal
water. The flow and interaction between layers I and ]I, is due to the
differences of hydraulic head between them. In layer II, it was assumed a
constant hydraulic head that remained greater than the head of layer 1,
throughout the runs. This induces a vertical component of flow whose magnitude
can be adjusted varying the ratloc of the hydraullc conductivity (Kz) to the
thickness of the layer where the flow takes place,

An upper boundary condition of no flow was considered in layer I, which
corresponds to the clay layer whose hydraullc conductivity 1s neglected. In
the horizontal limits of the aquifer, either constant head or no flow boundary
conditions were considered, as indicated in Fig. 4.

CALIBRATION

In the period January 1987- July 19893, heads were measured monthly 1in
observation wells distributed throughout the reglon that was modelled. At the
same time, the pumping rate was measured in some cases and estimated by

indirect means in others.

In addition, the piezometric head distribution corresponding to 1960, |is
avallable and there are estimates of the historical evelution of the pumping

rates.

The hydraulic properties of the known part of the aquifer were obtalned by
means of pumping tests and also some pumping tests avallable from prevlous
studies  were Interpreted. Transmissivity varies between 1x10° and
8x10 m°s . The calibration for layer I, started with these values and then
were modified on the-basis of the results of the calibration. The propertles
of layer 1l were adjusted until the behavior of the system was reproduced in a

satisfactory manner.

In spite of the additlonal plezometric Information that was avalilable, the-

calibration was based on the period 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 quality that were
available for the period 1960 - 1988, were used to verify it.

In the evaluation of the storage coefficients of the region modelled, 10
values that were determined by pumping tests were incorporated. The extension

PRV



of the confining clay layer was determined by means of the analysis of the
prevalling geological conditions (inferred from well logs) and geophyslcal
surveys. The values of the storage coefficients that were used for the cells
that behave as confined, are between 2x10“ and 7x10 . In the case of cells
that perform as unconflned, values between 0.02 and 0.15, were used.

The initial runs, using the estimated values of S and T, 1led to the
distribution of the plezometric heads shown in Fig. 5.
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In this figure the predicted drawdowns devliate drastically from those
observed, the greatest deviatlons occurring in the area where the thermpal
manifestations have been observed (Fig. 6).
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The general conclusion. drawn from these results, was that the observed
behavior cannot be predicted satisfactortly using the observed values of S and
T, when only horizontal flow is modelled. The yield of the actual system is
much larger than the one obtalined in such model.

The discrepancy between the observed and predicted heads, can be reduced in
one of the following manners:

a.~- .Increasing the storage coefflclent of the aquifer, considering it as
wunconfined in all the reglon modelled.

b.- 'Incorporating addliticnal sources of water in the cells, where
required.

The first option }s unrealistic, slince it contradicts geologic evidence
directly supplied by well logs and must be discarded, in spite of the fact
that it was used in a previous study: Niedzielsky, {(1990).

On the other hand, the inclusion of additiocnal sources in the. model is fully
justified by the hydrochemical and thermal evidences: Cardona (1990),
Carrillo-Rivera (1992). They represent the vertical component of the regional
system of flow that has been cbserved in the thermal area of the Valley of San
Luis Potosi (Fig. 6}). Therefore, thls was the option that was adopted in the
model. It was incorporated by means of an additional layer (layer 11} whose
properties were adjusted in the callbration of the model, assuming the
piezometric head of that layer 1s constant.

Since the hydraullc properties of the main aquifer (layer I) are the best
known, in the calibration, emphasis was placed in determining the properties
of the thermal sources. A first guess of the values of the hydraulic
conductivity in the vertical direction (Kz) between layers I and II, based on
the temperatures and well discharges measured in the fleld, was used in the
initial simulations, and then they were adjusted until the actual plezometric
distributions In the thermal area were reproduced. The stoppling criterlon 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 Fig. 7.

Using the calibrated model, a global masz balance of the region was carried
out. The results obtalned are listed in Tazle 1.

Table 1: Mass Balance of the Aquifer

Concept Q(n’s™) %
Aquifer storage 0.34 13
Lateral recharge (cold water) 0.3 14
Upward supply {(hot water) 1.90 73
Total well extraction 2.60 100

The distribution of the supply, shows clearly that :he moét important
contribution comes from the vertical flow whlch originates in the regional
system and exhibits thermal anomalles.
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Long period verification

As was dlready mentioned, the informatlon available for the period 1560 -
1988, was used to test the results of the calibration. Thus, after the
calibration was completed, a2 run covering that period was carried out.

Taking the known initial conditions for 1960 and estimating the eveclution of
the rate of pumping in the pericd, the plezometrlic heads were predicted, using
the calibrated model. The results of the simulation after 29 vyears, had
differences of less than 3 meters between the observed and computed heads, in
the thermal area. This indicates, specially taking into account the lo
quality of the information available for the period, that the parameters that
were obtained in the calibration, are acceptable to make predictions of the
behavior of the system, within a moderate range of accuracy.
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TESTING DIFFERENT PUMPING POLICIES

The analysis of a wide range of exploitation policles of the system is
necessary, to quantify the potential of the thermal sources, as a water supply

for the city of San Luls Potosi.

Predictions of the behavior of the system for a perlod of 21 years
under different explolitation policies were carried out.

2010},
considered were:

(1989
The optlons

extraction rate fixed during the whole period.

I.0- Keeplng the present
I1.1- Increasing the rate of extraction 5 % every 5 years.
I.2- Increasing the rate of extractlon 10 X every 5 years.
1.3~ Increasing the rate of extraction 20 % every 5 years.
I1.1- Increasing the rate of extraction in the thermal area exclusively
{13 cells) 5% every 5 years. '
I1.2- Increasing the rate of extraction in the thermal area exclusively
{13 cells) 10% every S5 years.
I11.3- Increasing the rate of extraction in the thermal area excluslively
{13 cells) 20% every S years.
II.4- Increasing the rate of extraction in the thermal area exclusively
(13 cells) 40% every S5 years.

In Table 2 the results obtained for the different policliez that were tested
are shown. For each policy the total volume extracted during the period of 21
years 1is given  and then the percentages which originate in the thermal
sources, the storage of the aquifer and the neighboring regions is indicated.
Finally, in the last column the total volume of drawdown produced during the
whole period in the modelled region, is given in millions of cubic meters.
These results are alsc illustrated in graphical form, in Fig. 8. Clearly, to
ensure a drawdown as low as possible, locating the additional demand in the
thermal region is the best option. ’

Table 2: Predictions for the period 19~ - 2010 under different policies

Policy Total Pumped Of Thermal Froo Aquifer From the Drawdown
Yolume Origin Storage Boundary Volume
(m°x10°) (%) (%) ° (%) (m>x10°)
1.0 1698 81 3 16 3440
When increments in pumping are uniformly distributed
1.1 1915 81 5 14 6000
1.2 2153 76 7 17 8800
1.3 2702 77 11 12 16000
When all increments of pumpling are taken from thermal area
II.1 1866 83 4 13 4800
I1.2 2069 B1 5 14 6400
I1.3 2184 82 6 12 7600
11.4 2946 82 8 10 13600
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Figure 8: Comparison of simulated pollicles

CONCLUSIONS

A numerical model that takes Into account the contribution of thermal sources
was developed, and using 1it, different operation policies have been tested,
for the aqulfer of the City of San Luls Potosi.

Initially, 1t was intended to implement a model without thermal sources.
However, it turned out to be impossible to achleve a model capable of
predicting the observed behavior, when only horizontal flow was modelled. This
peinted out the need of incorporating thermal sources in the model, In order
to explain the vertical {flux coming from deeper geclogical formatlons, whose
hydraulic properties are unknown. This vertical supply was incorporated in the
model, introducing a layer of .constant hydraullc head In the lower aquifer.

Since the properties of such layer were unknown, it was necessary to derlve
them during the calibration process. The main parameter that was adjusted was
the vertical hydraulic conductivity that exists between layers I and II. Al
the same time, the hydraulic properties, 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 this process more compllicated than ls
usual for this kind of applications. However, this form of proceeding Is
similar to what is usually dcne when applying modelling techniques in the
horizontal plane, for which it 1s standard to elliminate nelighboring regions
“with linsufficlent hydrologlcal information by imposing suitable boundary
conditions. In many cases, the supply coming from such regions 1s quite
significant for the behavior of the part of the aquifer which is modelled.

-
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The results of the callibratlon were satisfactorily verified by reproducing the
observed " behavior in a longer peried (1960-1988) of exploitation of the
aquifer, for which Iincomplete hydrometric information was avallable. The
results of this study indicate -that the procedure used here, to study a deep
geological formation for which no Information is avallable, may be useful more
generally. In particular, in the case study here reported, in spite of the
insufficient knowledge of the deep formation, 1t was posslble to make
recommendations for the policies to be followed in the production of the
aquifer. These recommendations are better founded than if the lack of
information about the thermal sources, had inhibited the development of such

model.

The -distribution of plezometric heads predicted on the assumption that the
present rate of pumping 1s continued through the whole period, 1989 - 2010
(Flg. 9 option 1.0) indicates that the present extraction can be continued

without producing exceedingly large drawzowns,

Figure 9: CTontour map of predicted plezometric heads (1989 pumping rate)

= 13



Figure 8, clearly illustrates the fact that if the pumplilng rate is to be
increased, the most convenlent option from the point of view of keeping the
drawdowns as small as possible, i1s to concentrate the demand in the thermal
area. However, if such pollicy is adopted, the supply would contaln a greater
volume of thermal water, which would deteriorate its quality. Thus, In such
case, 1t would be important to monitor the dissolved jons and the water
temperature. If this ls done, it should be recommended that the information
gathered in this manner, be used te improve the numerical model and to test
the. assumptions on which it is based.
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW

1. ABRIR UN ARCHIVO O CREAR UNO NUEVO

. En file se utiliza open para abrir un modelo ya extistente.

. En file se utliza new para crear un modelo nuevo.

Al crear un modelo nuevo se pide el nornbr-e y el subdirectorio donde se va a almacenar.
Es recomendable tener un subdirectorio especifico para cada modelo.

A continuacic’m se piden las unidades en que se trabajara a lo largo del modelo.

En este momento se pregunta s'i se desea tener como base algun dibujo (generalmente
hecho en autoczcy. El archivo tiene que estar en formato dxf, en autocad se teclea dxfout

para crear un archivo en zste formato.

. A continuacion se dan las caracteristicas de la malla de discretizacion. Se piden la

coordenada minima y maxima en X, asi como el nimero de ¢i;iumnas deseadas en el

mod-:2. De esta manera el modelo calcula el tamafio de cada columna.

‘Los mismos datos se requieren para el eje Y (renglones) y el eje Z (capas). Esta malla

podra despues ser modificazz. Nétese que si se tomo como base un dibujo dxf, las
coordenadas méaximas y minimas son tomadas de este dibujo, aunque si se desea se

pueden modificar.

. A continuacioén se muestra la zona discretizada y el plano base. En el menq principal se

_escoge input para alimentar el modelo con los datos.

" IX CURSO INTERNAGIONAL DE CONTAMINACION DE ACUIFEROS 1
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MANUAL PA'RA LA UTILIZACION DEL VISUAL MODFLOW

~

2. ALIMENTACION DE LOS DATOS DEL MODELO

¢ En el ment que aparece del lado izquierdo existen 3 opciones para visualizar las
columnas, renglones o capas del modelo.

e En goto previous o next se puede visualizar la capa anterior o, la siguiente. Tambien se
pude visualizar la columna o renglén siguiente o anterior, si estas se estan visualizando.

e . Del menu que se encuentra en la porcion baja de la pantalla:

F1 - (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
afiadir el'numero de dibujos o planos base que se deseé. '

FS - (zoom in) Para tener un acercamiento de alguna porcion del modelo.

F6 - (zoom out) Para tener una visualizacion completa de la zona del modelo.

F7 - (pan) Para desplazarse por el modelo al estar en acercamiento.

F8 - {vert exag) Para determinar la exageracion vertical que se utilizard para
poder visualizar mejor las secciones.

F9 - (overlay) Esta opcion se utiliza para “apagar” o “prender” las capas de
dibujos. Es decir para poder visualizar o no ciertos dibujos que se hayen
importado en F4, o la distribucion de las diferentes caracteristicas del
modelo como los pozos, recarga, conductividad hidraulica, etc.

F10 - (main menu) Para regresar al menu principal.

1. Modificacion de ]a malla y delimitacion de celdas activas e inactivas
¢ En el menu superior se selecciona grid.
e Con las opciones add column, delete column y add row, delete row se pueden agregar o

borrar columnas o renglones del modelo.
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW

Lo mismo se puede hacer con las capas cuando se visualiza una seccion. Notese que ésta
es una discretizacién matematica, y no forzosamente se necesita discretizar en el mismo
numero de estratos geologicos. Es decir, un estrato geologico puede subdividirse para
efectos de discretizacion, teniendo las mismas caracteristicas todas las subcapas creadas
para ¢ste estrato. .

Para importar la superficie del terreno o ia base de alguna capa, se utiliza la opcion
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 ¢l modelo no interviene. Para delimitarlas se utiliza
la opcidn inactive cells. Se puede trazar un poligono para marcarlo como inactivo. Para
revertir la eleccion se puede tambien marcar, un poligono activo.

Esta delimitacion se realiza en una sola capa. Es importante copiar esta informacion a las

s
capas que lo requieran, usando el comando copy polygon.

Asignacion de valores de conductividad hidriulica y almacenamieg;o

En el menu superior se selecciona properties y ya sea conductivity o storage.

A continuacion se asignan los valores cie conductividad hidraulica, aimacenamiento y

porosidad que por default asignara el modelo a todos los nodos.

Posteriormente se zonifica 1a malla con las epciones del menu izquierdo assign single,
polygon o window.

Después de seleccionar una zona se puede elegir entre darle un valor nuevo (rew) o de
asignarle algun valor que haye sido designado con anterioridad.

Dependiendo si se escoje conductivity o storage en la opcion de properties, se podra

zonificar la conductividad hidraulica o el almacenamiento y la porosidad.

CURSO INTERNAGIONAL DE CONTAMINACION DE ACUIFEROS 3
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW

¢ Es importante copiar las propiedades necesarias a las capas que lo requieran utilizando la
opcion copy layer 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 dié como defalut.

3. Asignacion de fronteras

¢ En boundaries se encuentran las diferentes opciones de frontera. Se pueden asignar
como linea, poligono o ventana por medio del ment de la izquierda.

s En la opcion de recharge se agrega la regarga en mm/afio. Ndtese 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 informacién de los pozos

¢ En la opcion de pozos (wells) se pueden afiadir, borrar, copiar o editar pozos por medio
del menu izquierdo.

o Al seleccionar add well se localiza el punto donde se localiza el pozo. En la ventana que -
aparece a continuacion se agregan los datos del pozo como el nombre, el intervalc; 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 m>/dia.

¢) 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, asi que es necesario tomar la fecha en que

se inicia la simulacién como dia cero dentro del modelo. De esta manera las fechas del

historial de! pozo, asi como el resto de los datos del modelo que tienen variacion con €l

tiempo, deben de ser asignados en nimero de dias a partir de la fecha que se tomé como dia

CEro.
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MANUAL PARA LA UTILIZACION DEL VISUAL MODFLOW

3. PARA CORRER EL MODELO

e En el meni principal se escoge run.

¢ Se escoge si la simulacion es en estado transitorio (transient) o estacionario (steady-
state).

e Se selecciona run, y se selecciona modflow.

» Si se desea correr el modptah, zona de balance (zone budger) o MT3D también se

seleccionan.

4. PARA VISUALIZAR LOS RESULTADOS

o En el menu principal se selecciona output.

* Si el modelo ;¢ corrido en estado transitorio, en time se puede escoger el momento en el
tiempo en que se desea visualizar la configuracion de la superficie piezomeétrica.

» En goto se puede visualizar la configuracion de la superficie piezométrica en ias
diferentes capas.

o En options se puede modificar el intervalo utilizado para configurar y el valor del
contorno maximo y minimo.

¢ En el menu superior, en velocities se obtienen vectores del flujo del agua en donde se
aprecia la direccion del movimiento del agLIa subterranea. En options se puéde escoger el
tamafio relativo de estos vectores y su densidad por 4rea. Estos vectores no son

propiamenic lineas de flujo, ya que estas, por definicion no se cruzan entre si.
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EJEMPLO DEL VISUAL MODFLOW

1. DESCRIPCION DEL PROBLEMA

Este ejemplo esta basado en el flujo del agua subterranea en un sistema formado por un
acuifero libre en la porcién superior, un acuitardo en la porcion media, y un acuifero

confinado en la porcion inferior, como se muestra en la figura 1.
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Figura 1. Dimensiones del acuifero

Notas:

o Este ejemplo esta tomado del manual de Visual Modﬂow por Waterloo Hydrogeologic
Inc.

e Elsimbolo ¢ —signiﬁca enter.

e Elsimbolo Y3 significa presionar el botdn 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

‘B oK

‘B FILE

‘B NEW

Aparecerd una ventana preguntando por el nombre del nuevo modelo.
Teclear el nombre del nuevo modelo:

VMEJEM ¢

(Visual Modflow asigna automaticamente la terminacion .vmf)
Aparecera una ventana para escoger las unidades deseadas (figura 2). Las unidades se

seleccionan utilizando el mouse.
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EJEMPLO DEL VISUAL MODFLOW

T — — e
T G T v Vel NIDFLIN S R sanev i s

| File Input Run Output Setup Help

Unit selection

r— Length unit —— Time unit — ~— Pumping rate unit
®meiers: O seconds ® m*~day

O teet O minutes O f1*/day
— Conductivity unit | O hours Ous gom
QOcems second ® days Qus gpd
® m~/second QO years

— Recharge ——
O r1-day Oinchessyear

O m-day Q’ ® om/year

O tt/second O meters-day
O t1/second
O tt/day

Setupzprinters;sex: Visuality

Figura 2. Ventana de seleccion de unidades

3 meters
‘B m/sec
‘B days

‘B m’/day
‘B mm/year

5 OK.
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EJEMPLOQ DEL VISUAL MODFLOW

3. DISENO DE LA MALLA

La siguiente ventana preguntard si se desean importar las coordenadas de un mapa en
formato dxf. ’

% YES

B8 VMEXAMP.DXF

En el caso en que se ha escogido un mapa, Visual Modflow leera las coordenadas méaximas
y minimas del mapa y las sugerira como las dimensiones del modelo. Aparecerd una
ventana para definir las dimensiones y caracteristicas de la malla (figura 3) solo se requiere

teclear sobre los espacios o sobre los valores sugeridos para modificarlos.

e

! Eile Inpul Flun Output Seiup Help

RO M AR TR T PR K N I 3 A e om0 K BRI R R LA G RO
X

H
H

number of columns
minimum XI[m]

maximum XIm]

|48

|8.0p8

| 288B.888

number of rows I4B

|e.a0
o o 2
[20P8.800 e e
st e

minimum Y I[ml

maximum Yiml

number of layers 6
minimum Z elevation Im1 (8.A80

maximum Z efevationlm] {15.888

Figura 3. Ventana de disefio de la malla
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Enter number of columns
Enter Minimum X (m)
Enter Maximum X (m)

Enter number of rows
Enter Minimum Y (m)
Enter Maximum Y (m)

Enter number of layers
Enter Minimum Z (m)
Enter Maximum Z ()
‘B OK. '

EJEMPLO DEL VISUAL MODFLOW

40 &
0
2000 &

4 J
0
2000 &

6 &
0J
15 &

Una malla de 40 x 40 y el plano base apareceran en la pantalla (figura 4).

ODFLO demo™\e jemplo

File Ipput Run Output Setup Help

-

‘
Y

NN

AV Y

Ik

|
1
)}

FX: 3
im . - T
= [w =S ]
} e T LT
-{_:;:_- 1 F 5 -[ -..-a’
Julls Iy I d 1 A1

Figura 4. Archivo importado en formato dxf
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EJEMPLO DEL VISUAL MODFLOW

4. REFINAMIENTO DE LA MALLA

Se necesita refinar la malla alrededor de los pozos de abastecimiento de agua (supply wells)
y de la perforacion abandonada (abandoned borehole). El tamafio de la celda representa el
tamafio del pozo, por lo tanto una malla mas discretizada simulara el pozo de una manera

. mas realistica. Ademas del tamafio del pozo, si existe abatimiento alrededor del pozo. una
discretizacion mayor producira pendientes menos abruptas del nivel estdtico en zonas de

abatimiento.

“B en INPUT

% en ADD COLUMN

Mover el mouse a cualquier lugar en la malla y JB el BOTON DERECHO DEL MOUSE.
Haciendo esto se puede definir los lugares exactos para definir la discretizacion de la malia. -

Aparecera una ventana para la informacién de la malla (figura 5).
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EJEMPLO DEL VISUAL MODFLOW

:ﬁm&bﬁ‘; ) &1

Column (- :5
Lager (Kit

= & T
- A
A %
I B
] 1 /: 1
Hedd 3
O Add single grid line at [TC}?.?S.’»_‘ I [m]
(%) Evenly spaced grid lines from: |1358 I [m]
to (1558 | tm1
at intervals of: |25 ] ’ [ml

Figura 5. Ventana de refinamiento de la malla

Escoger EVENLY SPACED GRID LINES FROM: (lineas igualmente espaciadas

desde:) 0 en el circulo vacio.

En las ventanas asignar los siguientes valores:

from 1350 &
to 1550 &

at intervals of 25 &

‘B en O.K.

‘% en ADD ROW

Mover el mouse a cualquier lugar en la malla y “B el BOTON DERECHO DEL MOUSE.

Aparecera una ventana para la informacion de la malla,
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EJEMPLO DEL VISUAL MODFLOW

Escoger EVENLY SPACED GRID LINES FROM: (lineas igualmente espaciadas

desde:) ¥ en el circulo vacio.

En las ventanas asignar los siguientes valores:

from 450 &
to 600 &
at intervals of 25 &
“B en O.K.

Esto a refinado la malla alrededor de los pozos de abastecimiento de aéua (supply wells).
Ahora lo haremos alrededor de la perforacion abandonada (abandoned borehole).

“8 en ADD COLUMN

Mover el mouse a cualquier lugar en la malla y “B el BOTON DERECHO DEL MOUSE.
Aparecera una ventana para la informacion de la malla.

Escoger EVENLY SPACED GRID LINES FROM: (lineas igualmente espaciadas
desde:) B en el circulo vacio.

En las véntanas asignar los siguientes valores:

from 795 &
to 900 &
at intervals of 10 &
“8 en O.K.

“B en ADD ROW '

Mover el mouse a cualquier lugar en la malla y ¥8 el BOTON DERECHO DEL MOUSE.
Aparecera una ventana para la informacion de la malla.

Escoger EVENLY SPACED GRID LINES FROM (lineas igualmente espac1adas
desde:) “D en el circulo vacio.

En las ventanas asignar los siguientes valores:

from 950 &
to 1100 &
at intervals of 10 &
‘B en O.K.
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EJEMPLO DEL VISUAL MODFLOW

Ahora vamos a determinar la exageracion vertical.
“& VIEW ROW

Mover el cursor a cualquier lugar enla malla. Al mover el cursor de arriba hacia abajo de la
malia el rengién ocupado cambia a color rojo. B en cualquier renglén. Ahora ha sido
transferido de una vista aérea a una vista de seccion. En este momento el modelo no tiene
exageracion vertical. Para poder visualizar la seccion mejor:

“ F8 (Del ment de la parte inferior de la pantalla)

A_Lparece una ventana, escribir:

25 &

B O.K.

Ahora se visualizan las 6 capas en la pantalla.
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EIEMPLO DEL VISUAL MODFLOW

5. PARA IMPORTAR UNA SUPERFICIE

“B VIEW COLUMN
Mover el mouse alamallay “B en cualquier columna.

“8 IMPORT SURFACE

Aparecera una ventana como la de la figura 6.

v 7 Vistal - MODECOH RUuinkio e JGapla Gt s
File Grid Uells Pr i i i ZBud Help
it ar e
Import Options — ‘\

(®) From Asch (x,y,2
{)From SURFER .GRD

[~

bl B

1 ety

e g
2

Import filename:

‘ c™\vmdemoN\umexamp.asc

Surtace Options
(%) Import ground surface

Olmport bottom elevation of:

Lager
Minimum layer thickness : T

% o - Use neares! sample points. ===
Yo ; .
H > ; Q
Col umn CJ) i| IR RipRa] [l
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Figura 6. Men para importar superficies

“B en CHOOSE FILENAME

Para escoger el archivo conteniendo 1a superficie.

Y88 VMEXAMP.ASC
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% OK.
¥ OK.

Esto importard una superficie con una pendiente que va de 18 metros al norte hasta 15

metros al sur (figura 7).

al
d ODFLO demo™e jemplo
File Grid UWells Properties Boundaries Particles Callbrate Annotate ZBud Heip

e Tk o w

by
kv P 4
i -t :t s
Hhote
Add: Tt
E RO o

] et

. R

X 1925.8

Y 8367

Z =18.8

Row th o

Column (J)32 . Tt (LRl [
rt y Malrg:sy

_ayer (K ks | P | 2

Figura 7. Superficie . ,pogrifica importada
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6. ASIGNACION DE LOS VALORES DE CONDUCTIVIDAD
HIDRAULICA, ALMACENAMIENTO Y RECARGA

“3 VIEW LAYER

Seleccionar la capa superior y “8. Esto debera de crear una vista aérea del lugar.

“% PROPERTIES (en el ment superior)

Y8 CONDUCTIVITY

En este momento el modelo preguntard si se desea salvar la informacion de la malla.

“% en YES .

Hay que asegurarse de estar viendo la capa superior (capa 1). Esto se puede ver en ¢l cubo
que se encuentra en la parte inferior 1zquierda.

A continuacion una ventana pide los valores que se asignaran como default a todas las -

celdas. Después se podran modificar los valores a cada celda.

anductividad hidraulicaen X ¥y Y (Kx v Ky) en m/s: 2e-4 &
Conductividad hidraulica en Z (Kz) en m/s: 2e-4 &
Coeficiente de almacenamiento(Ss) en 1/m: le-4 &
Rendimiento especifico (Sy): | 0.2 ¢
Porosi&ad (Por): ' 035 ¢
‘B O.K.

Ahora se asignara el valor de conductividad hidraulica del acuitardo (capas 3 y 4).
“B GO TO (en el menu de la izquierda)

Aparecera una ventana, escribir:

3

‘B O.K.

“B ASSIGN WINDOW
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Mover el mouse a la celda de la esquina superior izquierday 3 en el centro de la celda.
Después mover el mouse a la esquina inferior derechay Y& en el centro de la celda. Esto
creara una ventana que cubrira toda la capa. Aparecera una ventana para asignar la
conductividad. '

v NEW

Toda la malla cambiarz a color azul. Asignar los valores de conductividad hidraulica del
acuitardo: v
Kx(m/s)= 1le-10 &

(El valor de Ky sera asignado automaticamente)

Kz (m/s)=  le-10 &

5 OK.

“B COPY LAYER (del menu izquierdo)

Aparecera una venatana, escoger:

“B COPY ALL PROPERTIES (seleccionando el recuadro)

“B LAYER 4 (le dara un color verdoso a la capa)

B OK.

Ahora se asignardn los valores de almacenamiento al acuitardo.
“8 PROPERTIES (en el memi superior)

8 ALMACENAMIENTO

“B ASSIGN WINDOW

Mover el mouse a ia celda de la esquina superior izquierday “B en el centro de la celda.
Después mover el mouse a la esquina inferior derecha y “B en el centro de la celda. Esto
creara una ventana que cubrira toda la capa. Aparecera una ventana para asignar el
almacenamiento.

“8 NEW (toda la malla cambiara a color azul)
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Asignar los valores de almacenamiento y porosidad:_

Ss (1/m): le-2 &

Sy: 0.003 &
Por: 065 ¢
‘B O.K.

“B COPY LAYER (del menu izquierdo)

Aparecera una ventana, escoger:

“B COPY ALL PROPERTIES (seleccionando el recuadro)
“B LAYER 4 (le dara un color verdoso a la capa)

B OK.

Para comprobar los valores tanto de conductividad como de almacenamiento mediante /8
en EDIT SINGLE, del menu izquierdo. Esto creara una ventana mostrando los valores de

conductividad hidraulica y el almacenamiento para cada celda mediante un 8 en ella.

Ahora se simulara el efecto de la perforacion abandonada para ver el efecto en transporte.
“3 PROPERTIES

“® CONDUCTIVITIES

“B GO TO (Dar un valor de 1 parair alacapa 1) . \

% OK.

“B ZOOM IN (Del ment inferior)

Hacer una ventana cerca de la perforacion abandonada (abandoned borehole)

“B ASSIGN SINGLE (Esto es para asignar propiedades a una sola celda)

Aparecera una ventana de asignacion (figura 8).
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: = AM@WH@%L i
File Grld l.-:ells Propernes Boundarles Particles Calibrate Annotate ZBud Help

11161

11
e mram

-~ L JI| LU (L (W | L\
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Row : - : 5 _L07€
Column (B e [ i ][5 i L [F;IEH:?
Lager (X1 3 Lk ! ki

'&}L tH gu ;&L:?‘fjj

Figura 8. Asignando las propiedades a la perforacién abandonada.

“B NEW (Dara un color verde)

Asignar los siguientes valores:

Kx (m/s)= - le-l &

(El valor de Ky sera asignado autométicamentg)

Kz (mis)= le-l &

“% En el centro de la perforacién abandonada (definida por el circulo) para designar
la celda a la que se le asignaran las propiedades.

% OK. 7‘

“B COPY LAYER (del menu izquierdo)

Aparecera una ventana, escoger:

.
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“5 COPY ONLY PROPERTY #
Escribir:

3¢

“B SELECT ALL

Todas las capas cambiaran de color (figura 9).
B O.K.
B ZOOM OUT

epp—

q S pﬁ:& s
T h-r&girm\}ﬂ‘ "“"&4 ¥ W

[ Copy all Properties
Copy only property #

T '
s-opg from layer 1 ?ﬁ[& L ]}ﬁ@
o

N

iu
gl
=
‘¢

ow ( 4
Column (J) HIEL

Lager‘ (K11

Figura 9. Copiando las propledades de la perforacién abandonada.

Ahora se le dara a la capa superior la recarga.

“B PROPERTIES
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& RECHARGE

NOTA: En la nueva version de Visual Modflow, tanto la recarga como la
evapotranspiracion, se encuentran en el menu de fronteras (BOUNDARIES) y no en el
de propiedades.

Aparecera una ventana para asignar el valor de recarga por default. Escribir:

100 &

B OK.

Visual Modflow asigna automaticamente la recarga a la capa superior del modelo.
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7. DELIMITACION DE LAS FRONTERAS DE FLUJO

“d BOUNDARIES

“B CONSTANT HEAD

Apar.eceré una ventana preguntando si se desea salvar la informacion.

‘B YES

B iASSIGN LINE (del menu izquierdo)

Mover el mouse a la celda de la esquina superior izquierda y “® en el centro de la celda.

Después mover el mouse a la esquina superior derechay “§ con el botén derecho en el
centro de la celda. Una linea horizontal de celdas cambiara a color rosa y aparecera una
ventana para asignar los valores de carga constante (figura 10). Asignar los siguientes

valores:

Code #: 1¢

“B en el cuadro de STOP TIME
Stop time: 3650 &

Start point: 18 &

End Point: 18

B O.K.
La linea rosa cambiard a color rojo indicando que la carga constante ha sido asignada.
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-
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ikt x les Calibrate Annotate ZBud Help

| oo W]

[ Assign to appropriate layer i I
Start Stop Constant
Time [dayl Time [dayl . Head [m] L H ¢
(358288 | Start Pr. = 24 d
End Pt. (18] -

LIS,

{
I
/i

X 19712
¥ 18976.9

Z 15.2

Rou cm
Col Lman (J)S5
Layer (K

Figura 10. Menu para la asignacion de la carga constante

“8 COPY LAYER

Aparecers la ventana para copiar propiedades. En el cuadro COPY ONLY CODE # ya
tendra el numero 1.

“B LAYER 2 (esto hara cambiar de color Ia capa 2)

‘B OK.

Ahora asignaremos los valores de carga constante del acuifero inferior.
“B GO TO (en el menu de la izquierda)
Escoger:

5
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B OK.

“B ASSIGN LINE

Mover el mouse a la celda de la esquina superior izquierday 8 en el centro de la celda.
Después mover el mouse a la esquina superior derechay “§ con el botén derecho en el
centro de la celda. Una linea horizontal de celdas cambiard a color rosa y aparecera una

ventana para asignar los valores de carga constante. Asignar los siguientes valores:

Code #: 24

“B en el cuadro de STOP TIME
Stop time: 3650 &

Start point:  16.5 &

End Point: 16.5

B O.K.
La linea rosa cambiard a color rojo indicando que la carga constante ha sido asignada.

‘& COPY LAYER |

Aparecera la ventana para copiar propiedades. En el cuadro COPY ONLY CODE #
reemplazar el valor tecleando el nitmero 2.

Y& LAYER 6 (esto hard cambiar de color la capa 6)

‘B O.X.

Y8 ASSIGN LINE

Mover el mouse a la celda de la esquina inferior izqﬁierda y ‘B en el centro de la celda.
Después mover el mouse a la esquina inferior derechay Y8 con el botén derecho en el
centro de la celda. Una linea horizontal de celdas cambiara a color rosa y aparecera una
ventana para asignar los valores de carga constante. Asignar los siguientes valores:

Code #: 34

“B en el cuadro de STOP TIME

Stop time: 3650 &

Start point:  14.5 &

End Point: 14.5

B OK. .

La linea rosa cambiara a color rojo indicando que la carga constante ha sido asignada.

“B COPY LAYER
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Aparecera la ventana para copiar propiedades. En el cuadro COPY ONLY CODE #
reemplazar el valor tecleando el numero 3.

“Z LAYER 6 (esto hara cambiar de color la caba 6)

‘B OK.

Después de asignar los valores de carga constante:

% VIEW COLUMN

“B en cualquier columna para ver una seccion del modelo (figura 11).

_ Visual MODFLOM - [ cumdemoejemplo.vmf 1
File Grid UWells Properties Boundaries Particles Calibrate Annotate ZBud Help

T

X 18250
Y 895.8
1 Z 5.7

R Row ¢ 23
| Col umn (J)32
Layer (K2

{{Blan ez elong:

Figure 11. Fronteras de carga constante

Ahora asignaremos la frontera del rio al sur de la zona.

“® VIEW LAYER
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5 en la capa superior del modelo (capa 1)

“3 BOUNDARIES

“B RIVERS

“B ASSIGN LINE

Utilizando el plano base como guia se hay que digitalizar el rio 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 8 en el botén derecho. Aparecera una

ventana para pedir la informacién del rio (figura 12).

e = SR i g 5 S P4 e Lt e U o FE T
i {DFLE TR0 N6 Jamplo; A ~‘_ft*

F'Ie Grid Hells Properties _Boundaries Parlicles Callhrate ﬂnnolate ZBud Help

)

’*E

Lt

Code # [:I ]

(X Assign to appropriate layer

Start Stop River Stace River Bottom Conductance '
Time [dayl Time [dayl - Elevation [m} Elevation m] [m?-day]
& 230 |[3656.898 | Start P1. {145 14.869 1PRB8.980 ﬁj
End Pt. (135 13.080 19A0.800
&
= ]
e
Ko i
; : f o | |
Row cn

i 0
Col umn (J) : o [ A .
Layer (K1 gs?;,.ﬁ, i ) i @ ; [Figta* @
”Lr*"""mw;m Efm“”'aﬂisslmmmowhd” T P N T L TR R R

Figura 12. Ventana de informacion del rio.

Asignar los siguientes valores:
Code #: 3&
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“% en el cuadro de STOP TIME

Stop time: 3650 &
Start Point River Stage: 145 &
Start Point River Bottom:  14.0 &
Conductance: . 1000 &
End Point River Stage: 13.5 &
End Point River Bottom: 13.0 &
Conductance: 1000
“B O.K.

Después de que el rio ha sido definido, una linea azul delimitara su extension.
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8. ASIGNACION DE PARTICULAS

Ahora asignaremos algunas particulas que emanen de ia zona de tanques (refueling area)
para delimitar el area de influencia que tienen estos tanques. Las particulas pueden ser de 2
tipos: backward, para delimitar el area de donde las particulas provienen; y forward, para

delimitar el area hacia donde van las particulas.

NOTA: Esta manera de simular el movimiento de las particulas se realiza tomando en
cuenta UNICAMENTE el flujo del agua subterrdnea. En la nueva versién del Visual
Modflow se encuent-ra un paquete de simulacion de movimiento de contaminantes

mucho mas completo, lamado MT3D.

“3 PARTICLES
"’fﬁl YES (Para salvar la informacion de las fronteras)
“® ADD CIRCLE
“B En el centro del area de tanques (refueling area) que se encuentra e}l la porcidn centro-
superior de la zona. Expander el circulo que se forma hasta que cubra el recuadro del area
de tanques y “B. Aparecera una ventana (figura 13) seleccionar:
“B FORWARD
“B OX.
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Figura 13. Agregando particulas
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9. AGREGANDO POZOS

“® WELLS _

“B YES (Para salvar la informacion de las particulas)

“B ZOOM IN (F5)

“B cerca de los pozos de abastecimiento de agua (supply wells) y hacer una ventana que los
abarque volviendo a “3 para conseguir un acercamiento de la zona.

“8 ADD WELL

Mover el cursor al centro del pozo de la izquierday “B en él. Aparecerd una ventana con

la informacion del pozo (figura 14).

e o
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'l o S R LR T M I ALY 5 TEES g & 1 PR g DI AT g LSRR (el T g WL 2
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é 15.88 77— vaves .
! IPDZD 1 | Pumping Scheduie
B + % Location
3 [14P5.98 1tm] Start [day]l Stop [daul Rate [m®~d]
12.50 Y Location |
[525.31 ] [m)

I “I”i
10.09 [Prdszseree] (DRERTST) | & f’é
g 758 Screen from: R : %‘,:i
b b
i + [5.09 7 |m? 3*1:,?
T A el
5.88 -- ' To il
[e.28] |l i {
2,50 - Hell casing display as: -
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Figura 14. Informacién del pozo
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Agregar la siguiente informacion:

Well Name: POZO 1
Stop Day: 3650
Rate: =200

NOTA: El bombeo del pozo debe de ser de negative. Si el pozo es de inyeccion el signo
debe ser positivo.

‘B ADD SCREEN

Estos pozos deberan estar ranurados solo en el acuifero inferior, que son los ultimos 5
metros del modelo. ¥B dentro del pozo a una elevacion aproximada de 5 metros. v hay que
mover la barra roja hasta la base del pozo y “B otra vez. Los tltimos 3 metros del pozo
deben de haber cambiado de color representando el intervalo ranurado.

‘B OK.

“& COPY WELL .

Mover el cursor hasta que esté posicionado sobre el pozo izquierdo y 8, después mover el
cursor al pozo de la derechay “B en él para con:zr el pozo.

“& EDIT WELL

“B El pozo de la derecha

Cuando aparezca €l ment cambiar el nombre del pozo por POZO 2y Y8 en O.K.

“B MAIN MENU (F10) (Del ment inferior)

Y3 YES (para salvar la informacién de los pozos)
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10. PARA CORRER VISUAL MODFLOW

“6 RUN

“B O.K. (para aceptar el estado estacionario)

“8 RUN MODEL
NOTA: La version de Visual Modflow que se les ha entregado es un DEMO de
prictica que no tiene la capacidad de correr ¢l modelo.

Aparece una ventana para definir que es lo que se va a correr (figura 15).

: ‘ ir:;t-'!amnﬁ mﬁ;ﬁ*:"““m“ T‘i‘ m " el

ade
BA:Rir MADFLOL:
Run MODPATH
[JRun Zone Budgst
C}Run #MT2D

Idg.} T-% I = - =S

11

Row 1
Column CJ)
Lager (K1

M@‘ "‘1,. T

Figura 135. Cornendo el Visual Modflow
“B en el recuadro de MODFLOW

“B en el recuadro de MODPATH

‘3 OK.
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11. VISUALIZACION DE LOS RESULTADOS

“B OUTPUT
Esto nos permite ver los niveles piezométricos calculados para el acuifero superior

(figura 16).

Ufsual H[IDF-LI]N -0 c:\umdemo‘;ejemplu.umf ]

X +293.9
j Y 1683.0
Y

a .

N Row cn
Calumn (D)
Layer (KJ1

Figura 16. Niveles piezométricos :
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“G PATHLINES (del menu superior)

Esto nos permite ver el movimiento de las particulas (figura 17).

‘ Visual MODFLOM - [ c\umdemoe jemplo.umf 1
| File Contours Velocities Zbud Annotate Help

N CIe0Co s 5.0
, <

: « N2
d Column (J)q

Layer (KN

Figura 17. Movimiento de las particulas
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Y% VIEW COLUMN
Mover el cursor hacia alguna columna cerca de la perforacion abandonada y . Esto nos

dara una vision de la seccion del modelo (figura 18).

: "Uisual MODFLOW - [ c\umdemo™ejemplo.umf ]
File Contours Velocities Pathiines Zbud Annotate Help

Col umn CJ)1B
Layer (K) H

Figura 18. Movimiento de las particulas en seccion
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La figura 19 muestra en un acercamiento del movimiento de las particulas, y se aprecia
" como es que la contaminacion del acuifero superior puede llegar a los pozos de

abastecimiento que bombean del acuifero inferior por medio de la perforacion abandonada.

' Uisual MDDFLOM - [ c™\umdemo™e jemplo.umf 1

File Contours Velocities : Zbud Annotate Help i

¥ - o T o

iy

)

Column (J38
Layer (K)

Figura 19. Movimiento de las particulas a través de la perforacion abandonada.
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Las figuras 20 y 21 muestran el resultadé si la conductividad hidraulica que simula la
perforacion abandonada no hubiera sido tomada en cuenta. Este resultado predeciria que la
contaminacion permaneceria en el acuifero superior sin infiltrarse por la perforacion
abandonada. De esta manera se predeciria erroneamente que los pozos de abastecimiento no

se contaminarian.

al MODFLO demo emplo S

File Contours Uelncities Zbud Bnnotate Help
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Figura 20. Movimiento de particulas cuando no se toma en cuenta la perforacion

abandonada.
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SPECIAL NOTE
The installation of Ground Water for Windows (GWW) on your computer hard drive requires that specific
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 below indicates what you should
enter using the key board.

edit yo toexec bat file in Microsoft Windows™:
In Program Manager, open Accessories Group.
Open Notepad
Select File
Select Open
List all files by typing *.*
Under Directories select C:\
Select autoexec. bat file
At line path=C: add to file ;C\GWW
At the end of your autoexec bat file add the line SET GWW=CAGWW
9. Select File and Save
10. Exit and reboot your system

IR N

’

Example of autoexec.bat file {bold entries show location of file additions)
CAWINDOW S\net start

CAWINDOWS\SMARTDRV EXE /X 1024 128

PROMPT $p3g

SET PATH=CAMOUSE;CAWINDOWS;C:\DOS;C:\HDM;CAACL;CAGWW
MOUSE

SET TEMP=C:\DQS

SET GWW=C:A\GWW

To edit your config.sys file in Microsoft Windows™

I. In Program Manager, open Accessories Group
Open Notepad
Select File
Select Open
- List all files by typing *.*
Under Directories select C:\
Select config.sys file
Change your file so that it contains:
Files=70
Buffers=10
9. Select File and Save
10. Exit and reboot your system

Lol A il

Example of config.sys file (bold entries show location of file changes)
BUFFERS = 30

DEVICE=CAWINDOWS\HIMEM.SYS

device=c:\dos\emm386.exe x=c800-cbff

DOS=HIGH

FILES=70

rem LASTDRIVE=P

DEVICE=CAWINDOWS\FSHLP.SYS

STACKS=9,256
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contain updates and revisions to the text contained in this manual.

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

The reader is advised to start with general topics presented in Chapters 2 and 3
(Data Base Structure and Forms, respectively) and read Chapter 5 (common rou-
tines). Other chapters may be read when relevant applications are used. Chapter
15 - Mapping is of general importance and contains the information which is used
in every application. For comments, ideas, corrections, or problems noticed with
this software, please call or fax J. Karanjac, telephone/fax number 404-621-0548.
Address: 3194 Hathaway Court, Atlanta, Georgia 30341, U.S.A.
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Ground Water for Windows is a relational data base and a
Ground Water Information System (GWIS). The GWW
combines the principles of Geographic Information Sys-
tems (GIS) with powerful dedicated ground water data

processing and reporting modules:

Master Data
Chemical Data(including time and depth series})
Pumping Test Processing and Aquifer Parameters

Well Logs and Well Construction Data 1

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

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 water, transmissivity, hydraulic conduc-
tivity or any other hydrogeological parameter; stra-
tigraphic contacts expressed as depth or absolute
elevations; thicknesses of lithostratigraphic mem-
bers; ground surface elevation; etc.

Adding color regions to the map.
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LITHOLOGIC
CROSS SECTIONS

i

Creating a gridded equidistant model from random
values.

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

Adding lines, areas, and text to the map.

Importing AutoCad’s .dxf files (data interchange
files) and exporting grid models, lines, areas, text,
points, and contours to .dxf format.

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 area, a rectan-
gle, or simply selecting wells point by point. v

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 dynamic water level lines

lines separating stratigraphic units.
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FENCE DIAGRAMS
or THREE
DIMENSIONAL
MODELING OF
LITHOLOGY

iii

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

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

You control the size of the cross section by selecting hori-
zontal and vertical scales. You also define the width of
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 create one or more fence
(block) diagrams. The features of this application are:

® Selecting wells for presentation on fence diagrams.

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

. Fﬂlmg 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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WELL LOG AND
WELL
CONSTRUCTION

Using the Well Log applicatlon on the main menu bar of

1v

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.

Create new symbols directly on the screen or using a
text processor.

Display a well log with its construction details on the

_screen. g

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

Print a well log, using a default reporting form or
your own created forms. )

You may display static water levels on the log.

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

You may enlarge the well construction detail 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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CHEMICAL DATA  With the C hemistry application of GWW you can do the
following;

APPLICATION

GRAIN SIZE
DISTRIBUTION
CURVES

Create the chemical portion of the Ground Water In-
formation System (GWIS) with unlimited number
(except for practical 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: STIFF,
PIPER, WILCOX, and SCHOELLER. Customize the
displays, colors, fonts and other attributes. Translate
to languages other than English if you need so.

Add alocation map to your reports.

Input data in ppm or epm units.

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

Report chemical data in tables and graphs.

Create chemical constituent time series and print as

_stand-alone graphics.

Create chemical 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 them analyzed in a lab. Coupled with another ap-
plication, MISCELLANEOUS, in which you may calcu-
late hydraulic conductivities based on empirical formu-
las by Hazen, Kozeny, Terzaghi, Slichter, Zamarin, and
the U.S. Bureau of Reclamation, you can produce hy-
draulic conductivities and transmissivities for layers in
boreholes.



GROUND WATER FOR WINDOWS OVERVIEW

PUMPING TEST
DATA
APPLICATION

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.

® (lassical Theis and Hantush methods for non-leaky
and leaky aquifers.

® Recovery method.
e Possibility to remove any test data from the flttmg
procedure.

~® Possibility to use test wells which were pumped at
various rates during the test.

Some 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 thebest of the authors knowledge, has not been imple-

vi

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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WATER LEVEL  You may use this application to keep in the data base all
MEASUREMENTS  water level measurements for all observation or moni-
APPLICATION  toring wells. The options included in the module are:

¢ Display of water levels in a selected time period.

® Selection of water levels in absolute elevations or
depths to water from a measuring point.

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

e Interpolation of water levels or depths to water at a
selected interval. This permits the creation of water
level contour maps for a certain date although there
may not be measurements on that day.

STEP DRAWDOWN  The step drawdown test is conducted to show the effi-
PUMPING TEST  ciency of a well to be used as a production or water sup-
APPLICATION  ply well. The total drawdown is broken down into two
components: aquifer loss (inevitable) and well loss (to be
prevented). Two methods of fitting are built in the

GWW:
o Sw=aQ+bQ? (classical Jacob theory)
ep Drawdown Test § ® Sw=aQ+bQ" (Rorabaugh theory)

The calculation is demonstrated with a display and a ta-
ble containing aquifer loss, well loss, and efficiency for

. each pumping step. The average efficiency 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

¢ Well functions for leaky and non-leaky aquifers. You
may calculate drawdowns as a function of distance
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USER
APPLICATIONS

GENERAL
CAPABILITIES
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from a pumped well, time of pumping, hydro-
geological characteristics of the aquifer, namely
transmissivity and storage coefficients, charac-
teristics of the semiconfining layer 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 calculates the
remaining unknown parameter. The program also
suggests a casing diameter for a corresponding
pumping rate if a vertical turbine pump is tobe used.

You may decide to keep in the data base some 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. You assign a name to your
"additional" application, prepare entry and reporting
forms as for any other application and use most of op-
tions available for other applications.

The GWW software is independent of printers, plotters,
mice devices, digitizing tablets, video display standards,
fonts, etc. All this is taken care of by WINDOWS.

The GWW is also language independent. Well, almost!
The program and its messages will remain in English,
but you may create every reporting form without a sin-
gle English word.
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ix

You may create displays and printouts with 16 million
colors, if you need to and have a printer capable of print-
ing them.

You may use any WINDOWS-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 recaiculate 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 coutcome of a
special service agreement with the programmers of the
United Nations Ground Water Software series (UN/GW
in the text to follow), now known as the DOS Version of
the United Nations Ground Water Software.

The authors of the GWW package are Dusan Braticevic
(Ph.D. in Mathematics and Computer Sciences) and Jas-
minko Karanjac (Ph.D. in Geological and Civil Engineer-
ing). Mr. Braticevic programmed the system, with all its
components: data structure, data forms, applications,
graphics, etc. Mr. Karanjac 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
Jill Raffety of Golder Associates Inc. (Atlanta) who edited
portions of the manual in draft form. He thanks his asso-
ciate, the principal programmer of the software package
Dr. D. Braticevic, for listening to ideas and suggesting
some excellent solutions of his own. If the users of this
software package find it useful and beneficial in their
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work, and like it as much as we the authors do, let them
remember our respective spouses, Obrena Karanjac and
Jesenka Braticevic, without whose patience, under-
standing, encouragement, and compassion we would
have given up long ago. We, as authors, dedicate this

" work to them.

The former LUnited Nations Department for Economic and
Social Development; Science, Technology, Energy, Environ-
ment and Natural Resources Division; Water Resources
Branch and its current successor Department for Develop-
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 Windows, 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 Windows or GWW. Also it would not be sur-
prising to encounter some problems using GWW, ver-
sion 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
decided to present this package and have it tested under
the real-world situation.

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

There are several conventions, whether typographical or
symbols, that have special meaning in this manual. The
names of menus, and menu and dialogue box options -
when they refer to actions which you should follow ap-
pear in boldface type (e.g. Map menu, Save As .. menu
option).

The hand pointer emphasizes important points. Some
paragraphs will be printed as italics. These are normally
Notes or Comments with some general hints or sugges-

“tions. Names of some data fields will also be printed us-

ing italic font style.

Throughout this manual, the term ENTER is equivalent
to RETURN. In most cases, this is also 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 this cursor de-
pends on the function selected, and on the action being
performed. For details, see a Windows Manual.

The phrase Select the ... means you should move the
mouse cursor to the middle of the item that you are go-
ing to select, and then press the left mouse button once.

* Alternatively, you may select an item by using the key-

board with the combination of keys, the first of which is
ALT and the second is the character underlined on the
menu.

There are many examples in this manual. The beginning
of each example is marked with the symbol on the left.
Each page with an example being worked out is marked

with the symbol: %‘
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Some 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-
temn.

The GWW package with all its executable files, example
ASCII files, and the help files occupies about 11 mega-
bytes (MB) of disk space. A table listing all files that com-
prise the system is presented in Appendix A.

Filename extensions have special meanings in this pack-
age:

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

help for each major program subdivision;
file with default units;
screen and lithologic symbols ASCII files.

In addition to exe files, there are several files which have
special importance:

The template data base, with all default structures and
forms (both entry and reporting); this is a blank data
base, without data and information, but with all internal
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.000 but you
must have this file in the GWW directory if you wish to
create a new data base.

An ASCII file which contains conversion factors from
parts per million (ppm) to equivalent per million (epm)..
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You may add to this file additional chemical ions which
you intend to keep in your data base. It is fuly repro-
duced in Appendix D.

An ASCII file which contains symbols for drawing
screen on a well log and painting blank casing. You may
modify this file and design symbols other than the de-
fault. It is fully reproduced in Appendix E.

An ASCII file which contains codes, 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.

An ASCII file which contains codes, descriptions and
symbols for many lithological units. You may add new
symbols to this file, change its textual or numerical con-
tent, or delete some parts. You may also rename it and
read into the program as an ASCII input file in the proper
place. It is partially reproduced in Appendix E.

The system may work without some of the executable
files. If, for example, the file chem.exe is missing or cor-
rupted, the package will work without the chemical ap-
plication.

GWW.UNT file is the default units file. The file lists the
unit type (e.g., transmissivity), the unit name (e.g.,
m“/day), and the unit conversion factor {e.g., 1 m = 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:

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

A hard 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 minimum of 6MB additional disk space
should be available for temporary disk space. Do not
forget that Windows also needs some storage space
for file swapping and keeping temporary informa-
tion (virtual disk). Also the data base you are going
to create may grow to several megabytes size. Each
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.

Avideo adapter, such as standard VGA (640x480), or
enhanced or super VGA (800x600 and 1024x768).

A mouse.

A printer.

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 Windows, you may create an almost 100% French

version of a data base.

An almost ideal system configuration for running GWW,

at the time this manual is written, would be as follows:
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a 80486 (DX, DX2, or DX4) PC with minimum 8MB of
RAM, running at minimum 66MHz, 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 on-board;

2 serial and 1 parallel port;

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

a color printer, such as HP DeskJet 1200C, 550C, or
560C; HP PaintJet XL300; or Seiko Instruments Per-
sonal ColorPoint PSE;

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

Of course, a Pentium machine running at 100MHz and
equipped with 32MB RAM, and a 20-inch monitor with
an ultra fast video adapter would make the difference!

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

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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o CAWINDOWS\SMARTDRV.EXE
o SET GWW=C\GWW

While 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:

e FILES=70
¢ buffers=10

You may create large groundwater data bases. There is
no apparent limit on the data base size, except for prac-
tical reasons. However, although you may create one
data base for a whole region, with several thousands of
wells making the base, work with such a huge base will
be awkward at some 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
ASCTI 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 and a 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 which is uniquely identified. Each data entry
form must start with the Well Identification field. This
field entry is used to relate information input from dif-
ferent applications. For example, if you create a master
data file, assigning the identification number to a well
‘5657, and then type the information for well 55 in a hy-
drograph entry form, that information can automatically
be associated with all entries made for well 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
(ObjectVision 2, reference Guide, Borland International, Inc.
1991). For example, the calcium content of a water sam-
ple is an object. This information is typed in its own data
field, which is characterized by label font and font style
(e.g., Times font, 12 points, bold), by data font (the way
in which numerical values for calcium will be displayed
and/or printed), background color for the field, label
and/or data alignment (vertically and horizontally), etc:

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

You may create various thematic maps which, when
saved, become an integral part of the data base. Ideally
you may create a base map for your project, country or
the whole region. You may fill this base map with infor-
mation such as location of all drilled wells - one map
with the location of all wells for which the driller’s log
and lithological characterization are available - another
map with the location of all wells with water samples -
still another map, and so on. You may create many such
maps and retrieve them when you wish to see at a glance
the amount of particular information available in your
data base. A water level 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;

e 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 Information 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 you 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 developed GWIS, with about

1000 wells, 20 maps and 10 cross sections fully colored, named
as objects and stored in GWIS, may easily become 3MB big.

Before you perform any installation procedures you
should backup the original GWW program floppy disks
and use the backup copies for installation. This can be
done using the 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:

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

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 copy 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:

Destination In:

The installation is from one of disk drives using the DOS
prompt. Before you start the installation read the file
Readme.1st. This file will contain additional 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).

1. Insert GWW disk number one in the appropriate

floppy disk drive.

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

3. From the DOS command line type.InstallA 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, AR].EXE. Its use is prohibited for commer-
cial purposes. This file will be copied to the directory
C:\GWW, which wil be created by the INSTALLA.BAT
or INSTALLB.BAT file on disk one. You should place
disk two, disk three and disk four in one of floppy disk
drives and repeat the command INSTALLA or IN-
STALLB. All files on all four diskettes will be decom-
pressed and copied to the directory C:A\GWW. The order
of disk decompressing and installation is not important,
except that disk no. 1 must come first because it contains
the decompressing file.

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

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

1.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).
(Youmay have another drive letter, not necessarily C.
However, if your installation program copied the
files to the C: drive you should move all files to an-
other drive on which you should create 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 dia- logue box
will appear.

3.3. In the description box, tyi:e Ground Water for Win-
dows. This description will appear in the title bar of
the group window and below the group icon.

3.4. Choose OK.

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

4.1. Open the GWW group. (Click on the title bar with
the words ‘Ground Water for Windows.”")

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

4.3. Select the Program Item option, and then choose OK.
The Program Item Properties dialogue box will ap-
pear.

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

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

Cnmmans ibn:. | CAGWWAGWW EXE
Wooting, Giectang. | CAEGYPT
Sherue Ko {None

& [:| Bun Minimized

Figure 1-2

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

4.7. Choose OK. The dialogue box will close, and the
new program item will appear in the group.

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

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 Win-
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 later. However, the gen-
eral operation of the Windows user interface is described
in your Windows documentation and will not be re-
peated eithier in this manual or in the on-line Help. Your
Windows documentation describes the general princi-
ples, conventions and instructions of the interface such
as operation of the pull down menus, selection of file
names, operation of dialogue boxes, etc. Some of Win-
dows basics will be repeated in the following section.
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1. The Parts of a Window

This section describes the elements of a window. Each
window contains the following elements (as shown in
Figure 1-4):

cAgwditestlsgww]

Data Applications Tools CLustomization Help
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Figure 1-4

¢ Window borders are the four edges that define the
border of a window.

® The title bar is the area directly below the window’s
top border. The title bar shows the name of the appli-
cation, GWW), and the name of your open data base.

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

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

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

Maximize and minimize are sizing buttons. They are lo-
cated in the upper right corner of the window and are
used to maximize or minimize the window. The Maxi-
mize button enlarges the window to fill the entire screen,
and the Minimize button reduces the window to anicon.
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If the window is maximized, the Restore button replaces
the Maximize button. Restore restores 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. A good practice is to maxi-
mize the initial window displaying the main menu
(Data, Applications, Tools, ..., Help). In some 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 CAGWWAGWW.EXE CAGWD\DEMO.GWW.
This command is interpreted in the following way:

(a) Start Windows (Win portion).

(b) Activate the GWW program (CAGWW\GWW.EXE
portion).

(c) Open the database DEMO.GWW located inthe direc-
tory CAGWD.

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



CHAPTER 1 INTRODUCTION

Another optionis to create GWW group, GWW program
item, as explained in section 1.10. In the GWW group
there will be the main GWW icon which is the executable
icon for starting the GWW program.

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

3. Working with Menus

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

New Random Model
Old Random Model
Save Random Model
Save Random Model As

Add Polnts to Map
Add Labels to Map
Add Values to Map
Add to Legend

Show Parameters

Standard ASCII Input
Standard ASCII Output

Label
. Yalue
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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, clickona
location outside of the menu, or press the Esc key.

In some windows in GWW), such as creating and editing
an entry data form, or a reporting form, you may want
to modify some 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 several 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 provides in-
formation and always requests a user response. Figure
1-6 shows a sample dialogue box for editing contours in
GWW. Dialogue boxes use drop-down lists when there
is not enough room for a list box. This is marked with a

Pen Attributes Line Attributes
Thickness -
A & Label | B
Line Pattern Distance £1 [mm]

[Soiid Line = Distance # 2 [mm]

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. Sarolling 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-

TR e ST TR R B T N A AL T TR IS

rles City County Landfi)l racllicy
Easng Nortuty Grouna Surtats Elev mers Pt Eev
1401260, 00 40430000 ! 2217
Ostnx Localy Ovner
Yirginia Chamberz D.C.
SR T R A H T 5 T SCTwte w e v

ot =
= S Smaean
Ere AR ens R e SiXioa )

Figure 1-7

ment. In the data base shown in Figuré 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.
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It is relatively easy to open the same data base more than
once. If youreduce an application to an icon (by select-
ing the minimize arrow button) or temporarily "loose”
the GWW screen by clicking outside it and by returning
to the Program Manager’s window, you 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- Can't open “'ciibahrain\bahrain. gww"
tion. However, if File corrupted or still in use.
you decide to start
the same data base
which has not been ™
closed, the GWW

will display the er-

ICr message as | Figure 1-8

shown in Figure 1.8.

This will be a warning that you have not closed the pre-
vious data base.

ERROR!

If, at any moment you do not see the GWW window,
either its main or an application’s window, remember to
invoke the Windows 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 mouse and double-click on the desktop (that
is, not inside an open window). The second way is to use
keyboard and press CTRL+ESC key combination.

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

GWW [c:\bahrain\bahrain_gww]

Program Manager

Ventura Publither - C:\GWW\BODKX\CH?
MS-DOS Prompt

[Dr. Watson

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

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

Ercke

boitl Edit Fit Display Report Make Random

Delete Record Ctri-D
Select Entry Form

General Data Units

General Data Std. ASCHl Input

General Data Std. ASCIl Dutput latelite p1
Print Setup +Pumping Rate
Exit Alt-F4

Figure 1-10
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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 label, label 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 such as font, color, and text align-
ment, both horizontal and vertical.

object. Lines, areas, grids, gridded models, well logs,
chemical data, water level data, measurements during a
pumping tests, and many more can be saved in an ASCII
data file, with all, some or no attributes.

You may use different languages in designing your entry
and reporting forms. Most of the program-built mes-
sages on the screen will be in English, but you will work
more comfortably using 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 well logs, you have 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. Several 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

you will learn how to create such forms. GWW form out-
lines are saved separately from the values they display.

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

In most cases, forms can be either entry or reporting
forms. Some reporting forms can apply to a single analy-
sis, such as to one STIFF diagram (in the Chemistry 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 the change, GWW will interpret
this as a change which requires a new entry form. The
program-supplied entry form will list 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 own standard forms, associated 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. Eniry Forms can be custom created; you can add
some parameters, use language other than English,
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2.1.6.

Relational Data
Base

Data Base

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

Reporting Forms can also be standard (default), one for
each category of reporting, either taken as the forms that
are supplied with the package or modified to customize
the need of a project. Reporting Forms can also be cre-
ated under different names for different reporting needs.
Nonstandard forms are used to report mixed graphics,
say a well log and a chemical diagram on the same re-
porting form. Nonstandard forms are created using a
special option on the Reporting Forms Editor.

The GWW data base is a relational data base. "Rela-
tional" in this context implies that the application will
find all information needed no matter 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 (GW5
or GW6 modules), which is a non-Windows application,
X and Y coordinates and ground surface elevations will
automatically become a part of the master data base.

Data Base is a general term which applies to the collec-
tion of program forms, both entry and reporting, includ-
ing default and user-created; data; maps; and drawings.
The name of the data base currently in use is displayed
in the title line. The maps either imported as .dxf files or
created by you are also an integral part of the data base
(unless you forget to save them!). Internal files, which
control the data file structure, forms, tables, etc., are also
a part of the data base. ASCII files are not a part of the
data base.

" Afile can be a data file, either ASCII or binary, or an in-

ternal file. GWW internal 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 create,
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edit, save, or delete most of them. For example, you may
create and edit various text that will enhance a map. You
may save this text object as an internal 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. You 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, some text field identi-
fying the project, plus data fields with constituents in
mg/1 or epm, or both. There may be another drawing on
the same page (form) with a map showing location of the
sampling point.

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

* fext

¢ data
There are four types of fields on reporting forms in the
GWW system:

o text

e data

e drawing

e column (for reporting on more than one well)

This is a constant-content field with some 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 some default values which are selected
when the field is created using the Form Editor.
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2.1.10. Text Field Text Field attributes are:
Attributes
‘ e Field Name
e Border
® Background

¢ Field Label (text typed in the field)
e Label Font

e Label Color

¢ Label Alignment

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

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

e character (alphanumeric string);

® integer;

¢ floating point number, dimensioned;

¢ floating point number, nondimensioned;
¢ date; and

e {ime. . .

When a data field is identified as containing information
which is a real number, and the type of data is selected
as ‘dimensioned,’ the user will be prompted to associate
one of the available units with this data field.

2.1.12. Data Field Data Field has all the properties (attributes) of a text field
Attributes plus attributes for data:-
¢ Data Font

e Data Color

2-5
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2.1.13. Drawing Field

2.1.14. Column Field

2.1.15. Field Name
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e 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 location map. Both
maps, plus much of other textual or numeric information
can be reported on the same page.

Column Field is a column. Several columns make a table.
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 Name in the reporting form must be typed exactly
the same (case-sensitive, number of characters or blank
spaces, etc.). Nothing will happen if you mistype one or
more field names in a reporting form. These fields will
remain blank in the report since the program will find
nothing to associate the fields with.

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

Some field names are protected! The protection implies that
you should not try to modify these field names. If you do,
GWW will not be able to use them in some calculations, draw-
ings, or for creating graphics. The protected field names are: X,
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Y, Z, ZM in master data structure, all major cations and ani-
ons in chemical data structure, the entries Cations, Anions,
SAR, EPM in chemical data structure, most of pumping test
field names in pumping test data structure, SWL in well log
data structure, all step-drawdown field names in step-draw-
down data structure, and all field names in hydrographs data
structure. You may add new fields with their own field names,
but do not attempt to change the existing field names if you
suspect that GWW may need them for a calculation or graphi-
cal display.

Border includes the solid frame around a field and the
shadowing of the field, both defined by you. 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 painta
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 Wilcox 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 Name selected in creating a form. -

You select a Label font. Whatever comes with Windows
can be used. The selection is standard as explained in the
Windows 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 create your groundwater data bases in Russian, Bul-
garian, or Serbian. You may use an Arabic font to create
data bases in Arabic (hopefully, by correctly assuming
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the direction of writing words). Today you have 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 each data field (number of characters or
numericals);

(c) 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.



CHAPTER 2 DATA BASE STRUCTURE

The default data structures are built into the data base
template, GWW.000. 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 will learn to do it in Example 1.

NOTE. Your first step in creating a new data base will be to
modify the default data structure for one or more applications.
For example, GWW does not 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 not enter ele-
vation data on positions of stratigraphic units you cannot cre-
ate contour maps for such data, nor you can draw stratigraphic
lines of lithostratigraphic cross sections.

One example is provided in the following table for the

Master Data Structure file. All file structures are repro-
duced in Appendix A.

| Field Name ___Field Length _ Field Type ' Format No.decdigits _Unitsymbol |

Well Ident 10 Well '

Description 50 Char

District 15 Char

Locality 15 Char

Owner 15 Char

X 10 Num(Dim) Fixed 2 m’

Y 10 Num{Dim) Fixed 2 ‘m

z 10 Num(Dim)}  Fixed 2 m

Zm 10 Num(Dim)  Fixed 2 m

Map Sheet No. 10 Char
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In simple terms, the data base structure is the list of data
entries that you wish to have in your data base. You can
create these lists independently for each of the following
applications:

® Master data

¢ Chemistry - samples

¢ Chemistry: concentration-depth series

¢ Chemistry: concentration-time series
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2.2.2.

Data Base
Content
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Pumping tests

Hydrographs

Lithology/well logs

Step drawdown tests

Grain size distribution curves, and

User-defined applications.

Normally, you should observe the following:

(1) Each application structure must start with the well

identification. This item uniquely defines a well or a
sample. The information related to this well or sam-
ple will be linked to any application which needs to
use it (display or report).

(2) You must not repeat information which is already

contained elsewhere in an application. E.g., if X and
Y coordinates 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 well logs, 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 well log 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 information
for the X coordinate 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 some

examples.

The data base structure you select for your new data base
becomes its integral part. All changes, editions, modifi-
cations, and assigning new internal file names to various
data structure files will apply only to your currently
open database. In other words, all the changes that you
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CREATING A NEW

2.3.1.

DATA FILE
STRUCTURE

Getting
Started
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make while working in a data base will be saved only in
that data base, not in the template GWW.000.

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.000. 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.000 as a country or project specific default.
You may also add some basic maps to your base template.

Also you may save your data base structure for each ap-
plication as an 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 you have 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 icon. The initial screen as shown in Figure 2-1
will appear displaying the United Nations logo and the
menu bar with Data, Application, Tools, Customization,
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
CA\WINDOWS directory.

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

1. Select Data from the menu bar. The display is as shown
in Figure 2-2.

2. Select New GWW Data Base to create 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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Applications Tools Customization Help
New GWWY Data Base
Open Base

Exit
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Figure 2-2

Data Base Name

Filename: 7

Directory: CAGWD

Files: Directories:

test.gww [-]

test].gww a4
]
el
[
[+

[

Figure 2-3

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, all file structure, input and output forms,
data base content, and all objects that make this data base will
be erased. You will start from a brand new data base using the
default template GWW.000. However, the program will warn
you and stop you from accidentally erasing an existing data
base.

At this moment the GWW program will read in the tem-
plate data base structure, GWW.000, and use it as the
starting point for your new data base. You will learn to
modify some of default data structures in the section
which follows.
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= NOTE. Remember again that you may customize the template
GWW.000 and use it repeatedly with data structure, and vari-
ous forms set up to make your work tailored to your needs.

2.3.3. Editing an
Existing Data
File Structure

For each of the major applications, the GWW package
already contains a preprogrammed standard data file
structure. The list of data base constituents is shown in
Section 2.2.1. for the master data, and in Appendix B for
chemistry, hydrographs, lithology, pumping tests, step
drawdown tests, and grain size distribution curves.

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

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

Data Structure Design

Data Entry Ferms Editor »
Beport Forms Editor 4

Units

Figure 2-4

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

3. Click on File. The menu opens as shown in Figure 2-5.
You will notice the following options: Old, New User
File, Old User File, Exit, Create Structure From STD
ASCII, and Write Structure to STD ASCIIL. STD is
short for Standard. Forget for the time "User Files." -

2-14
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File Struchié Editor {MasteiDat

New User File
Old User File

Exdit AtFd
Create Structure From STD ASCI!
Write Structure to STD ASCH

Figure 2-5

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.

Enter File Name

ChemConcDepth
ChemConcTime
Chem_Conc_Depth_Tab
Chem_Conc_Time_Tab
Chemistry
ChemistryPPM
GrainSizeCurve

HGWL

Hydrographs

Lithology

MasterData

Figure 2-6

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

6. If you have selected the ‘MasterData’ file (data struc-
ture for master data application), the screen will dis-
play the dialogue box as shown in Figure 2-7. You
may notice the list of data items, their types, length,
number of decimal points, and eventually units. The
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Data Hkems
Well Jdent 1 Uej)
Descrapticgn SO Char
Daistrict 20 Char
Localaty 20 Char
Quner 20 Char
X 10 Hum(Dim) Fixed 2 m
¥ 10 Hux(Din) Figed 2 o
Z i0 Nun(Din) Figed 2 n
.| 10 Nun({Dim) Fimed 2 =
Hap Sheot NHo. 10 Char
Year of Constructionl0 Char
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Figure 2-7

box will contain several buttons the role of which is
clear: New, Edit, Delete, OK, Cancel.

NOTE. Remember that these files are not ASCII files, but in-
ternal 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.

EXAMPLE ONE

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 2to 1.

(4) Rename Well Ident with 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
Wilcox diagram. When you change it, the diagram
will not be created.)

You should follow the procedure as explained below.

1. Select Tools from the menu bar.
2. Select Data Structure 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

Chemistry

ChemConcDepth
ChemConcTime
Chem_Conc_Depth_Tab

Chem Conc Time Tab

ChemistryPPM
GrainSizeCurve
HGWL
Hydrographs
Lithology
MasterData

Figure 2-8

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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Data tems

(Well Tdent 10 Well
10 Hum{Und) Fired
10 Hum{Und) Fizxed
10 Num(UOnd) Fixed
10 RBum(Und) Fixed
10 Kum(UOnd) Fired
10 Num(Und) Fixed
10 Hum{Und) Fixed
- 10 Num(Und) Fized
10 Num(Und) Fizred
10 Num(Und) Fixed
10 Num(Und} Fixed
10 Num(Und) Fixed
10 Hum(Und) Fixed
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- 10 Num(Und) Fixed
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Figure 2-9

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 terminate the input by either
pressing OK or using the Tab key. Whatever you typed will not
be saved if you terminate the input by pointing the mouse to
and clicking in another field. This applies equally to data in-
put, data editing, creating data forms, and creating data struc-
ture 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 Name, 6 for Field Length. Select Numerical
for Data Type, and change 2 with 3 for Number of
Decimal Digits. Click on OK.

9. Highlight Cl. Click on Edit button. Click on OK. Re-
place 2 with 1 in the number of decimal digits field.
Click on OK.

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 different parts of the data base.
Actually, this 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-
lutely 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
terminate 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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% Data ltems
Ca

10 Hell

10 Nun(Und) Fixed
10 Hum{Und) Fixed
10 Hum(Und) Fixed
10 Hum(Und) Fixed
10 Rum(Und) Fixed.
10 Hum(Und) Fixed
10 Run(Und) Fixed
10 Rum(Und) Fixed
10 Nun(Und) Fixed
10 Hum(Und) Fixed
10 Num (Und) Fized
10 Hum(Und) Fizxed
10 Num(Und) Fixed
i0 Num(Und) Fixed

e
Detete; 1

PNROMNNEMNMDNONMMODRONNDRON

~ Data ltems

P04 10 Hum(Und) Fixed
B 10 Nun(Und) Fized
Si02 10 Hum(Und) Fixed
TDS 10 Num (Und} Fixed
Hardness 10 Nun(Und) Fixed
Alkalinity 1c Num(Und) Fizxed
Conductividad Rum(Ond) Fixed
pH Hun(Und) Fixed
Cations Nun(Und) Fixed
Anions Nun(Und) Fixed
SAR Fun(Und) Fixed
BalErr Hum(Und) Fixed
Toluene Hun(Und) Fixed

Hum(Und) Fixed

Figure 2-11

still have the template, GWW.000, intact, in the case
you want to go back and start from the default.

2-20
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2.4. FURTHER

OPTIONS ON DATA
STRUCTURE FILE

2.4.1.

MENU

Writing Data
Structure to
Standard ASCII
Files

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 terminates our example number one.

You may save a data structure file as an ASCII file. This

option will become available only after you select an ex-

isting data file structure. Suppose you wish to delete

NO2 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:

1. Select Tools from the main menu.
2. Select File Structure Design.

‘ 3. Select File.

2-21

4. Select Old.
5. Double click on Chemistry.

6. Move the cursor down to NO2 and click on the Delete
button. The screen display is as shown in Figure 2-12.

7. Select OK.

8. Notice that the title bar displays File Structure Editor
(Chemistry). Select File again. Select Write Structure
to STD ASCIL.

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

Data ltems

Bell Nunber 10 Vell
Ca 10 Hun({Und) Fixed 2
Mg 10 Hum(UOpd) Fixed 2
Na 10 Hum{UOnd) Fixed 2
K 10 Nun(Ond) Fixed 2
Fe ; 10 Hum(Und) Fixed 2
Mo 10 Hun(Und) Fixed 2
BCO3 10 Hum(Und) Fixed 2
Co3 10 Hum(Ond) 2
S04 10 2
1
2

Fillename: |[chem.str

Directory: C3AGWD

Files: Directories:

]

ki
Fb]
Fo)
Fo
Hi

Fny

Figure 2-13

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

At this moment you have created an ASCII file, which
will be stored in your current or working directory, and
you have also modified your data base internally.

2-22
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2.4.2.

Creating Data -
Structure from
Standard ASCII

Files
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You may also import an 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.000) with the file you have just created, Chem.str,
proceed as follows:

1. 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
ASCIL

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.

Filename: |chem.str

Directory: CAGWD

Files: Directories:

]
=]

EEXXX1

Figure 2-14
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9. Check its content, edit it if you wish to, and exit by
. clicking on OK. To see some options in the editing of
data structure we will add Zinc content to the list.

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

Field Name: !Zinc

Field Lenqth: |1l]
FTwe

O wWeli ident
O Character

@ Numeric.

O Numeric [Dim)
O Date
Q Time

]

Figure 2-15

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

Field Name: Zinc

Number of Decimal(Sign.] Digits:

Format

@ Fixed Point

O Exponent
O Floating Point

Figure 2-16

2-24
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11. Notice different options for the data format: floating
point, exponential, and fixed point. As an example,
the number 25 will be typed as 25.00 if the fixed point
format with two decimal digits is selected, or as 25 if
the floating point format is selected. It will be typed
as 2.5E+01 with the exponential format.

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 template file GWW.000 is used. Whether you
modify a parameter or not, this data file structure be-
comes associated with the data base name you gave to
the base. When you open this data base next time, the
program does not read the default structures from the
\GWW directory but uses its internal 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 ASCII data structure file. When you
read an ASCII file and save it, it replaces whatever was
before declared as data file structure.

You may modify the data file structure in an existing
data base with or without data typed in. GWW will first
copy your data into an iternal backup file, so that you
will not loose data. However, it is advisable to first copy
all information in ASCII files using the option Standard
ASCII Output that is available in every application.
Once you have modified your data file structure, you
may read these ASCII files if you did loose accidentally
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some data because you modified either field name or
any other attribute.

Remember, at the end, that all data processing and data
management that follows is related to what you have de-

" clared in the data structure internal 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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3.1.

3.1.1.

CONCEPT OF
FORMS'

General

This chapter introduces the Form Tool. 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
create and/or edit data entry forms or data reporting
forms. The emphasis of this chapter is on creating your
own forms.

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

Data entry form editor is activated as follows:

1. 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
create an entry form.

Data reporting form editor is activated as follows:

1. 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
create a reporting form. Notice that the menu contin-
ues prompting you to choose between a single record
or a table or group record.

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

The single report form refers to an individual well or
sample. Table report form refers to tabulated data from
more than one well or sample. However, in the pumping
test application, there can be a table of pumping test
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3.1.2.

Entry Form
Screen
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Dat2  Applications Customization Help
Datz Structure Design

Dats Entry Forms Editor  »

Feport Forms Editar” - VR4
. Chemistry
its

I_Qll Pumpiag?

Hydrograp

i Weli Log
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Singke Hecard Form
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Figure 3-1

measurements (time, drawdown, pumping rates) for
one single well, as well as a table with pumping test re-
sults (transmissivity, storage 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.000. These are internal files, which you
canretrive (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.000 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)

e columns (with a list of column fields, which make a
table)

e drawings (with a list of drawing fields, such as a
STIFF diagram, a hydrograph, well log, etc.)

S
Eorm  NowFlejld

Singie ﬂddl”

Descriptien
Diztrict

Map Sheet No.
Yesr of Canstny

Groung Surface Eley Measur. Pt E|=“.

Dhstnet Locakty COwner

4 Map Sheet Ntz

Figure 3-2

The Form Editor reads field names from internal data
structure files which are a part of either the GWW.000
template for a new data base or your own data base. For

" example, if you open a chemical entry form for an indi-

vidual sampile, 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 create a new one by
clicking on Form on the Menu bar (or by typing ALT F).
The following options are offered:
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3.14.

Content of a
Form
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¢ New

e Old

e Save

e SaveAs..

®  Clear Form

¢ Standard ASCII Input

e Standard ASCII Output
e Print |

* Exit

You will select New if you wish to create 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 you a list of existing forms.

Any form that you select or create can be saved as an
ASCII file if you select the option Standard ASCI Out-
put. You may also read an existing ASCI] form file by
selecting the option Standard ASCII Input. You may
print any form 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 form.
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STANDARD
FORMS
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Each of the main modules has its own standard form pre-
designed by the programmer. For the master data entry
form, for instance, the data item name such as X and Y
has been replaced in the entry form with the words East-
ing and Northing. The ground surface 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 form as standard,
or under a different name. Again, you may use your own
language, provided you have font types, and create 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-

_

DIUAEDE b b bl T T I L

f. Fhiﬂ ” Optioas  Halp

Figure 3-3
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 official
Serbian alphabet with Cyrillic characters.
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_ Do not forget the difference between a Field Name assigned by
ﬁ‘ 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 item or a 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 label can be replaced by an-

Standard
1
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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 form. However, this item
will be cross referenced in each and every application by refer-
ring to its data structure file name, which is X.

The types of reporting forms available depend on the ap-
plication, since each application generates different
types of report. However, two types of reporting forms
are common to all applications:

¢ Single record form
e Table form

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 forms, Nonstan-
dard Forms, which is used to mix graphics among vari-
ous applications.

Single record forms are created for printing information
for a single well, single chemical 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

e all fields declared in a particular application.
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In addition, columns and drawings are also included.
For example, in the Chemistry application, one analysis
may report constituents and various parameters, plus a
STIFF diagram; in the Hydrographs application, a well
may report a table with measured data, plus a hy-
drographina "drawing” field.

A group record form includes information from more
than one well. A typical example is a PIPER diagram
which presents a table (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 select a working group. This is a sub-,
set of all information in your data base on which you
wish to work and present in a group report. Fields which
are "Single" in single record form are "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 form, which can
be edited by Attributes from the Menu bar, using the op-
tion Setup Frame. This rectangle is displayed on the
screen but it is not printed on the report form. In Setup
Frame option, which is located at the end of Attributes,
the following frame parameters are offered:

e Horizontal offset
® Vertical offset

e Width

¢ Height

If you intend to print your reports on a "11" by 17" or an
A3 format printer, you may select the width and height
parameters accordingly. You should select the frame ac-
cording to the printer you intend to use. You may orient
your report as portrait or landscape and select the frame
width and height accordingly.

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

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

® The existing frame can be edited using the option At-
tributes, followed by Setup Frame. :

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

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

¢ When a column field is defined, its width is selected
considering the number of digits or characters de-
fined in the reporting form; 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.

You will notice a rectangle in the right lower corner 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 corner 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 you may work with -
the normal display. This will depend on what size of the
screen you have. On a 20-inch monitor you may work ail
the time with full display, but on a 14-inch monitor the
normal display is your only chance! In the Display Full
Form mode some fonts may not appear right. Do not be
alarmed. This is only in viewing the form, not in printing
a report. (At some time, the Form Editor is not truly
WYSIWYG.)
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New Field on the Menu bar offers three options:

e Add Header
¢ 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:

. ‘Field Name

e Border

e Background

e Field Label

¢ Label Font

e Label Color

e Label Alignment

You may only add or modify the attributes of an active
field. Only one field can be active at a 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 activate is placed within another field. Then
you must deactivate the larger field by clicking outside
of it.)

Field Name is a text string which uniquely identifies an
entry field. It is important in creating a reporting form to
use the same text string for a reporting field. For exam-
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ple, if in the chemistry entry form the field that will input
the alkalinity values of a water sample is typed as Alka-
linity, the Field Name in a reporting form must be typed
exactly the same (case-sensitive, exact number of charac-

ters or blank spaces).

NOTE. Remember again, that in the Form Editor mode you
must not modify field names. If you do it, you should also mod-
ify data 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 and 4).

Background refers to the color selected by you to paint
a field. The whole color palette provided by the Win-
dows 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 Eng-
lish. Although a field may be identified with Field
Name, 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 Name selected in
creating a form.

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.

1. Select New from the Form menu.

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. You 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 dlicking 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 draggmg it
to the new location.

7. Continue with another data field.

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

9. Select New Field.
10. Select Add header.

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

12. Change the label font by selecting Attributes and La-
bel font.

13. Move the header to a 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.

To select an old form:

1. Select Form.
2. Select Old.

3. From the dialogue box labeled as Load Form select
one of the existing forms. Normally-only the stand-
ard form will be offered when you start the program.
You may create many more forms and select one 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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4. Click with the mouse outside the form. Then click on
a field you wish to modify. You will notice that the
solid line around the field becomes dotted. Now you
can select Attributes and any of the 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 as an
ASCII file. For example, if you have created an ASCII
entry form file and have given it the name MAS-
TER1.FRM, you may retrieve it as follows:

1. 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 box.

You may create your own entry form and save it as an
ASClII file. The following procedure creates an ASCII en-
try form file with the filename MASTER1.FRM.

1. 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 Qutput.

8.Type MASTER.FRM as a new filename in the dialogue .
box.

You may print the entry form which is currently selected.

1. Select Form from the menu bar.

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

3. Select Print. 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. ‘



CHAPTER 3 FORMS

3.9. EXAMPLE
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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.

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

ions Customization Help
" | Data Structure Design

Data Entry Forms Editor Master Data
Report Forms Editor . Chemistry >
Units Pumping Tests

— Hydrographs

Well Log

Step Drawdown Test
Grain Size Curve
User Data

g Figure 3-6
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I-':gure 3-7

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 exercise 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

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 dicking 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 ecm
downward. Notice that the object becomes larger.

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

Field Name
Border
Background

Field Label
Label Font ister |
Label Color

Label Alignment

P LA,
AT METE R

ERFACH

Frame Setup
|}

Figure 3-9

layout, you may edit
this form prior to con-
tinuing creating your
entry form.

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

Horizontal Ofiset [l |
Vertical Offset [mm]
Width fmm|

Height [mm]

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 anticipate

having more data fields,
or wish to use another

[k ] [ancet]

Figure 3-10
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Terminal

Courier
MS Serif
Roman
Script
Modem
Small Fonts

Figure 3-11

. FontFace . i X Bald
Fixedsys ] itatic

MS Sans Serif [JUnderLine

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-

X Fun Fre
D None E None

X Left [_]Left
< Right ] Right
Above ]:l Above
Below |:| Below
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tangle. By default it has all four sides filled with solid
lines of thickness 1. Shadow refers to emphasizing
the form of the object. While thickness of the lines can
be 2, 4, 6, 8, or 10, the size of the shadow can be be-
tween 1 and 5 millimeters. At some point during cre-
ating the form, click on Option, and place the ruler
on the form. The ruler is in millimeters.

Select popup shadow by dlicking first on number 3, and
then on the right and above boxes. Select OK. The screen
is now displaying the header field with all its attributes

(Figure 3-13).

Master Data Entry Form - Guarico Data Base

ey
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o
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IMagter Data Entry Farm - Guarlco Dat
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dx.dy (150.15)

WL R ACARTAR RS kP BT R 1005 P S QS X DA B S Lot R F T (er 9 0 € £ HOEE
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Figure 3-13

3. Add several more fields: Well Identification, Descrip-
tion, Location (not Locality as in the listing on the
left), X Coordinate, Y Coordinate, Elevation (m
AMSL), and Map Sheet No. For all use Times 10 (nor-
mal) font, except for Well Identification use Times 10
bold. Separate Well Identification from the rest with
a thicker shadow frame, using left and lower shad-
ows. Create a background color for all data fields ex-
cept for Well Identification.
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3.1. Click on Options and select Show Rulers.

3.2. Select Well Ident from the list on the left. Move
the field a few millimeters down, to separate it from
the Header field. Make the move by dlicking 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 Roman, 10
points, and on the box for bold. Select OK to exit.

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

3.7. Select Attributes and Background. Select any
color you want by clicking on a small rectangle in the
palette. Click OK. The screen display is as shown in
Figure 3-14.
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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 OK. Select Attributes again, then Field label,
and correct Locality to Location.

3.10. Click on X on the left. Select Attributes, fol-
lowed by Label Font. Select Times, 10 points, and
click on OK. Select Attributes again, then Field 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 corner on the form.
Select Attributes again, then Label Font, and click on
Times, 10, and bold. Add shadow by selecting Border
from Attributes, using the number 1 for the thickness
of shadow, and clicking on boxes left and below.

The final form is as shown in Figure 3-15. This terminates
~ example two.

Marster Data Entry Form - Guarico Data Base

=
“ ¢
]
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Figure 3-15
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This is a special category which appears in Report Form
Editor and in several applications (hydrographs, pump-
ing tests, well logs, step-drawdown test, and grain size

- curves). It is used to create a report with several draw-

ings from different applications on the same form. The
only type of data are header. text field, and drawing
fields. Each drawing is named, say PT-M1, HG-B1
(pumping test at well M1; hydrograph at well Bi, etc.).

LEYASTINE Attributes
Add Header

Add Text Field
Add Drawing Field

Figure 3-16

Options Heip

The procedure to print a composite report is the follow-
ing:

1. Create a Nonstandard reporting form using the Tools
menu and Report Form Editor. Notice that this is a spe-
cial category which is not related to any application. Cre-
ate several 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 lists all available nonstandard report forms select
the one that you have created for this purpose.

One of typical examples would be to place a chemical
diagram and a pumping test graph next to a well log and
site location map showing the position of that well rela-
tive to other wells.

You may use the Nonstandard Reporting Form to place
several graphs belonging to the same application on the
same form. This applies to, for example, hydrographs,
pumping tests, or well logs.
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The GWW software package has a very flexible system
of units. You may use a default system, which is created
by the programmers of the GWW, or you may replace .
this system with your own system.

In the GWW software the following terminology is used:

® unit type
® 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 located in the \GWW directory,
contains more types such as temperature, force, velocity,
pressure, energy, etc., the GWW software needs only the
following types: length, time, flowrate, transmissibility,
permeability, and.velocity.

Cubic meter per second, square meter, minute, gallon
per day per foot, etc. are UNITS. Parts per million is also
a unit. : ’

Conversion factor is a multiplier which relates new
(user-defined) units with basic units for a particular type
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of unit. For instance, if unit type is TIME and its basic
unit is SECOND and the new unit is MINUTE, the con-
version factor should be 1 (second)* 60 /(minute), that is
0.0166667.

Each type of units (length, area, volume, time, flowrate,
etc.) must have one unit that is referred to as the BASIC
UNIT. It is important that basic units for flowrate, trans-
missivity, and permeability are consistent with basic
units for length and time. In the GWW.UNT file the basic
unit for length is meter and for time second. Thus, the
program expects that the basic unit for pumping rate
(flowrate) is m’ /s, for transmissivity m?/ s, and for per-
meability m/s, regardiess the fact that you may not want
to use these units. (In every part of the program, in its
applications, you will have a chance to select your own
units for computation and reporting.)

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

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
some units that you may need in other programs or in
your routine hydrogeological work. Only if you wish to
include some uncommon units that the programmers
were not aware of, you may exploit the features of the
Units Tool.

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

Miscellaneous Customization Help

Data Structure Design

Data Entry Forms Editor )
Reporn Forms Editor 4

Units

Figure 4-1

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.

il
i 5

Unit System Conversions Help

Unit Type Units and Factors
Tine 0.01
Volune 0 a01
Area 0.0254
Flovrate 0.304878
Velocity 0.%9144
Transnissivity 1669
Perneability
Pressure
Tenparature
Energy

TR T

Belete Uil

o

Figure 4-2
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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 thisis 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.

1. Move the cursor down to the line Permeability.

2. Click the mouse on Rename Type.

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

4. Click OK.

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

You may add new units for any unit type. As an example,
prior to adding gallons per day per foot, which is the unit
for transmissivity, delete the same unit from the list.

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

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

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

4. Selectnow Add New Unit.

5. 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
should look as shown in Figure 4-3.

%j Units [cA\gwdiguarico.gww] lv
Unit System Conversions Help

GWW - New Unit

000111574
000001664684
00001036522
8956045
000001385749

|gpdin |

Figure 4-3

6. Click on OK.

7. Anew dialogue box will open prompting you to enter
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, i‘f you know the conversign 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 will look as shown in Fig-
ure 4-4.

Enter conversion factor

1gpdift =

Figure 44



CHAPTER4

UNITS

8. Select m%/ day and type .01242. The screen will look
as shown in Figure 4-5.

Enter conversion factor

01242

m2jday [

9. Click on OK.

Figure 4-5

Although you have typed the conversmn factor relating
the unit gpd/ft with the unit m 2y 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).

Unit Type Units and Factors
Iength ; n2ss 1
Tine _|m2-day 0.0000111574
Volume gl(UK)pd-ft 0.0000001664684
Area sq f{t/day 0.000001036522
Flovrate sg ft/sec 0.08956045
Velocit . 0 O0SCO0L 336"
Permsability
Pressure
Temperature
Ensrav

4-6

Figure 4-6
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4.3. UNIT
CONVERSION
UTILITY

4-7

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

Value [fl:et}=“|

Unit Type Equivalent Values

. E 0.304878 [n]

§ |Tine paan 30.4878 [cm]

f |Volunme G 304.878 [mm]

¥ |Area - 12 0031 [inch
§ |[Flowvrate
¥ |Velocity 0.333419 [yard]
) |Transnissivity 0.00018%483 [nile]
b |[Permeability
E |Pressure
 {Temperature
§ {Energy .

Figure 4-7

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

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

Equivalent Values

Tength a 0.304878 [m]
Tine 30.4878 [cm]
Yolune 3 304.878 [mm]
Area 12. 0031 finch
Flowrate
Velocity 0.333419 [vard]
Transnissivity 0.000189483 [mile]
Permeability
Pressure

Tenperature
| |Energy

Figure 4-8

4.4. USING UNIT
SYSTEM OTHER
THAN
PRE-PROGRAMMED
FOR GWW

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:

[SLHESVEG M Conversions Help

Standard ASCII Input
_Standard ASCIl Output
Load Standard GWW Units

Exit Alt-FA

Figure 4-9
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1. Standard ASCII Input
2. Standard ASCII Output
3. Load Standard GWW Units

Option one is used when you wish to read from an ASCH
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

Filename: |m
Directory: CAGWD
Files: Directories:
gww.unt [--]
F=
|
kel
jdd
FH
fmd
Figure 4-10

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

The GWW.UNT file is reproduced in Appendix D. The
three columns in this file have the following meaning:
unit type, unit, conversion factor. '
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4.5. UNITS IN
INDIVIDUAL
APPLICATIONS

4-10

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

" Insome applications you decide on current units for data

measured in the field. You may convert from metric to
practical American hydrologic units, if you wish so,
without affecting the general data units set.

However, be careful when changing units for length and,
elevation that are used in the mapping and cross section
applications. The units must be consistent, otherwise
youmay end up by not being able to add some lines onto
cross sections. This will happen if you create the data
base in feet and decide to use metric system for cross sec-
tions.
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5.1.

5-1

COMMON ROUTINES

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-Time Series

® Pumping Tests

e Hydrographs

* Mapping

® (ross 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.

Some of procedures and routines are either exactly the
same or about the same in more than one application. In
this Chapter we will describe some 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 to a smaller subset; (c) setting
up the printer, (d) creating random data "models" (inter-
nal files) to be used for mapping, gridding and contour-
ing, and (e) reading from standard ASCII files and/or
writing to standard ASCII files. -
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5.2.

5-2

Data [EITIICHGICE Tools Customization Help
Master Data

Chemistry Samplcs

Pumping Tests

Hydrographs
Mapping
Well Leg
Cross Section
Fence Diagrms
Step Crawdown Test
Grain Size Corve

Miscellaneous
User Data

Figure 5-1 :

In addition 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 modify,

conversion factor. This must be done using option Units
from Tools on the Main menu bar.

The applications Hydrographs, Pumping Tests, Step-
Drawdown tests,
Chemical Concen-

tration -Depth Se- S:I:ctl mw goicr vt fandon LoatM
ries, Chemical Delete Recard
Concentration - Select Entry Form
Time series, and General Data Uohs
Grain Size Analysis Print Scup
have the option
General Data Units
on the Data menu,
asshownin Figure
5-2.

DEECRIPCION

 Rate e Eormtwa Pram. | Oveacion
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The Master Data application permits you to select units
from the Units menu on the application’s menu bar.

Depending on what you have selected to keep in your
Master Data application you may select units for any en-
try that is identified as numerical (dimensioned) data
type. In the standard case which is supplied as a default
for master data structure, you may change units for co-
ordinates (X and
Y), for ground sur-
face elevation (Z) Cument Setfings Seled
and for elevation
of the measuring Wy
point (ZM). When Z&"?E]
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. Figure 5-3

Applications Cross

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

mwls Map Grid Medel Qptions Help

Mew Cross Section

New Cross Seclion Liks_
Qld Cross Seckon
Clew Cross Section

Seve Cross Section
Seve Cross Seclion As—

Ed Parameters

Mete Legend Edevation Un'ils

Wrie Text to Legend

Figure 5-4



CHAPTER 5 COMMON ROUTINES

5-4

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

Current Settings

Distance fm
AvgPRate [Ifs
Duration [min]
inSatTh m]
Transmissivity [m2/day]
Leakance [1/day]
ConflqThickness [m]

b |m]

I [m]

¢ [m]

Il fm}

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

& : F diter |P E BW. g
Data il Fit Digplay Report Make Bandom Lsoad Map Help
well | Edit Attributes Ctri-A

Edit Measurements Ctri-E
Standard ASCII Jnput
Standard ASCil Qutput

insert Row CtrH & Stomge Coafomnt
Deletz Row Ctri-D
Save Mcasurements  Ctrl-S
Exit [don't save] Ctri-X

Measurements Units Crel-S

Length
Pumping Rate

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).

Figure 5-8

3-5
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5.3.

SELECTION OF
WELLS OR
SAMPLES OR

REDUCTION OF A
LARGE DATA SET

3.3.1.

TO A SMALLER
SUBSET

Select Condition

NOTE. It is important to note that what you are doing in an
application is relevant only for calculations and reporting but
will not modify the system of units that you have taken either
from the default file with units, GWW.UNT, or have modified
and saved using the option Units from the Tools submenu.

This is one of the most important and attractive opera-
tions in the GWW system. Being programmed to run un-
der Windows and relying on Windows resources, a large
pool of memory and huge storage capacity, and espe-
cially counting on the processor speed of 66 MHz and
above, the GWW package has been programmed for
large data bases. Under "large” we mean hundreds or
even thousands of wells or water samples. (If you intend
to run GWW on a 25MHz 3865X PC, you better limit
your data base to 100 wells.)

Working with a large set of wells may become inefficient
after a certain number. Yet very often we want to pay our
attention to an area, an aquifer, a parameter, or to certain
wells that differ in something from the rest. For example,
we may have 500 wells in our data base, but we wish to
create a map showing locations of wells in which one
specific chemical 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 minimum.

How we do it?

We have several ways for filtering the data base and
searching for samples/wells that satisfy a defined crite-
rion. These are discussed one by one below.

The applications Master Data, Chemistry, Pumping
Tests, Hydrographs, Well Logs and Lithology, and Step
Drawdown Pumping Tests have all Select Working Set
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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

Master Data [ ; c\gwdinew.gww]
Units Hepori Make Random lLoad Map Heip
Select Working Set

Deiete Record Ctrl-D

Select Entry Form

Standard ASCIH jnput h
Standard ASCIl| Qutput

Printer Setup "

Exit AltF4 Northing
P-170 | &65000.00 $58000.00
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 dick on Select Working Set a box similar to
the one shown in Figure 5-10 will appear. The difference
will be in that 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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Unselected ltems

Selected tems

El_Frio
P-103

P-110

P-152

P-153
P-155
P-163
P-166
P-1869
P70
P-171
P127

Figure 5-10

1. 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-

ure 5-10.

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 portion 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.

Variable

Well ident 2

Condltlon Value

Select Condition

Variable
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4. Click on Well Ident, which was suggested by the pro-

gram as a default, and
type under the Condi- Varisble

tion Value the equal sign Well Ident 3
 in the left box and the
combination 5* in the Condition Value

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 Figure 5-13

shown in Figure 5-13, the

interpretation is as follows. Select only wells identi-
fied with a well name starting with letter Sregardless
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. Select OK. Notice in Figure 5-14 the ‘Selected Items’

Unselected items Selected tems
El_Fric +] [SRRG-10 +
P-103 =t |SRRG-11
P-110 M |SARGA1Z
p-152 ] ISRRG-13
P-153 21 |SARGS
P-155 [SRARG-16
P-153 1 ISRRG-17
P-156 1 ISRRG-18
P-158 =]  ISRRG-19
P-170 SPRRG-2 £
P17 SRRG-20 i
P-177- 2| |SRRG-21 .7
P-18 +] |SRRG-22
Sson Soa aa

[roser]
Figure 5-14

window filled with identification names starting
with the letter S.

6. Select OK. 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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5.3.2. Selection from a
Map

5-10

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 workmg set content.

Gigh S0 R 0o & A § SAnARES

Eaveng Inun-a $owd udace Ear Iu.--n

§69000.00 959200,00 B4.35
Cuicl | Locmier [

v

=
PR T THER o g ] e e
“jﬁ ﬁ R 3 6 SRR BARRAR

oo e A A AN
——

-&-a@'ﬂ@y &W@ﬁ#d&'z‘a o
s T

gam w&g va_pg:a:#ﬁﬂ f?}
_

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 to a smaller subset being located
within a certain area, you may select X coordinate 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 coordinate 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. You create these maps in the Mapping ap-
plication, placing either all wells or already reduced set
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or selected wells to emphasize thematic purpose of
maps.

Load Map
Select an existing map
When you se-
lect Load Map |
option the dia-

basic-lo
logue box as ’

shown in Fig-
ure 5-16 will
be displayed.
The lower
field lists all
currently
available
maps. Re-
member that maps are objects in the GWW system, and
each is associated 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 well log. 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.

Figure 5-16

| Mastcr Data | ; clgwifinew.gww] Fraam i #
Data  Units Report Make Random Load Map Help

Well Idgnt ** bagic-log

f

&"A‘“*‘

-—

|

Figure 5-17

5-11
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Close
Zoom In
Zoom Out
Fit Wnd.
Sel.In.Rect.
Sel.Points
End Points
Sel.In Area

End Point

End Area

5-12

Notice various buttons on‘the right side. Their meaning
is as follows:

Removes the map from the display.

Permits you to enlarge a portion of the map.
Returns the display to its normal view.
Redraws the map to fit the entire window.
Permits you to select wells within a rectangle.
Permits you to select well points one by one.
Ends selection of wells point by point.

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

Refers to selection of an area and is used to connect the
last point with the first point of a line making an 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 important to remember that prior to

ot Make Razdem

Figure 5-18
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selecting wells using a map, all wells should be unse-
lected so that only the really desired wells will make the
data set. In Figure 5-18 a rectangle is drawn by dragging
the mouse from one point to another. The wells located
within this rectangle are displayed on the left side of Fig-
ure 5-19.

< v n
-] Mosicr Dal b £ e e !

Dsta Units Brper Miske Random Losd Nwp  Hely
-_wm ent ] T
Ll o ] =

PIBE B ammecarcoceeseceeaqessensresntminn
PO-1 TS T

POz : i

PO-3 et
SRAG-11 i :j;
SARD-16

ERAC-24

SARG-)

Figure 5-19

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

s .

3
| 1

IR Y

b

5-13

Figure 5-20
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1. 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 clicking OK. 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 several points around wells to be selected.
The final point is close 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.

| Master Data [ : ci\g
Data Units Report Make Random Load Map
‘Wel ident
SRRG-28
SRRG-3
SRRG-4  j
SRRG-5 .
SRRAG-9
Figure 5-21
5.3.3. Selection of
Wells .
One by One You may select wells one by one, without using a map,

in the following way.

5-14
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5.34.

Working
Group

5-15

1. Activate 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 of
wells. You may have reduced this data base to a 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 still listed 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 one minor differ-
ence in the case of Chemistry application. There, the op-
tion on the menu bar is Map, followed by two other

options: Make Working Set and Make Working Group.
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5.4.

SETTING UP
PRINTER

3-16

Note that group display dfagrams (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
normally a Windows operation. For this you go to Main
Windows menu, select Control Panel, then Printers, and
configure the printer you wish to use.

In the GWW system you have an option Printer Setup in
every application. It is used to change the orientation of
printout, portrait (vertical) or landscape (horizontal), the
printing medium, the quality of print, number of copies,
colors for a color printer, and many more. Actually, the
GWW system brings a printer driver that had been con-
figured as a default printer in Windows’ Control Panel.
Remember that you cannot change from within a GWW
application a default printer and replace it with another
currently installed printer. If you wish to do so, you 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-
plication by activat-
ing once again the
task assignment list
(CTRL+ESC). Select Entry Form

) Standard ASCII Input
Printer Setup is an Standard ASCII Qutput

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

Units Report Make Randoir
Select Waorking Set

Delete Record

Exit Alt-F4

I Owmer
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5.5, READING
FROM STANDARD

ASCII FILE OR

WRITING TO -

STANDARD ASCII

FILE

5-17

menu. When selected the screen may look like the dis-
play in Figure 5-23. This is the printer driver’s menu for
the Hewlett Packard Laserjet III. You can access the same
driver’s menu from the Windows’ Control Panel.

Figure 5-23

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 minimal formatting, such as
carriage returns and linefeeds.

ASCII files in the GWW system serve in two ways:

1. To save most of the information from the GWW data
base internal format in separate files that can be ed-
ited, modified, and input back into the GWW system.

2. To provide external connection with other data base
formats such as dBase IV, FoxPro, Clipper, etc. There
isno 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.
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What can you save from the GWW internal files and
structures in an ASCII output file?

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

the GWW into ASCII files.
1. Data structures, such as Master Data structure file,

which is reproduced 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 for all wells that make working set. When
you select to read 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

same kind of the dia-
logue box will be dis-

Eater File Name played, as shown in
Filename: |md asc | (e Figure 5-25, when you
Obrectory.  CAGWD T decide to write master
Files: Directaries:
]
[5:2]
]
i
b
2% Duipatio Standard ASCH File |
Number of records in c\gwdimd.asc
13
Figure 5-24
data to a standard ASCII

file. Again you will be

prompted for the file

name. After the transfer -

is completed there will Figure3-25

be a message displayed

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, which then can be
used as input files in the case something goes wrong.

5-18
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5. Chemical data for all wells that make working set.
Comments that apply for master data are valid here
too. Every piece of information referring to the
chemical part of the data base will be copied to the
ASCII file. Constituents will be transferred in parts
per million (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 level 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 format of such a file is very strict, to make it con-
sistent with the output format of hydrograph data
files from the United Nations Ground Water Soft-
ware Version One. You must not modify this format
if you wish the GWW software to correctly input the
information.

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

8. Well 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 format for lithol-
ogy is made consistent with the Version One of the
U.N. Ground Water software.

9. InWell Log application there are two more informa-

tion files that can be saved as ASCII files: codes, sym-
bols and textual description of materials filling
annular space of a well, see Figure 5-26, and codes,
symbols, 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 Lithology.

10. In Mapping application almost every component of
amap can be saved as an ASCII file. For example, you
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el Log iolowdinew.gwwi . SRS 5
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Dy Height Vertical Horzonta
Figure 5-26

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, create 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 termi-
nated with /* characters on a separate 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, associates a nu-
meric value with every node of the model network. This
value canbe land surface elevation for the grid model of
the ground 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 associated
with the location of a point (that is, with X and Y coordi-
nates). Such files can be used as input data files to mod-
eling software such as MODFLOW, UN. GWMOD, etc.
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You may save areas and random points. This last data
file is the basis for creating contour maps. One example
of a random data file is presented in Appendix D.

As before, this file is written in the free format. The col-
umns have the following meaning: X coordinate, 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 || Mvew -
inputitinto the 0Id Grid
GWW for fur- e e il

Mapping |:\gwdinew.g
S Random Area Line Jext Heip

Sl ¥ oyern
[T R M

ther process-
ing: creating a
map, making
contours, add-
ing color inter-
vals to the
map, and
printing the
map.

11.A text file
with the text to
appear on a
map can also
be saved as an )
ASCII file, Fig- Figure 5-27

ure 5-28. The :

text will be identified with all attributes required for
fonts, colors, alignment, angle od plotting, etc.
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Figure 5-28
Additional N ASCIL Fil

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

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

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

(d) Master data and Chemistry applications will create a
very spedific first line in the ASCTI output file. They
will list all entries according to field names from the
data structure and place these field names within an-
gular brackets. The program expects to find these
same enfries in numeric form in the lines that follow.

5-.22
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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 ASCTI file, but exercise some 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 rnodel and consequently a contour map, of every

in the data base which is assocdiated
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 you to choose from the list of space-distrib-
uted parameters. The list will contain only parameters
specified for this application, plus parameters from mas-
ter data application. Thus if the Make Random optionis
invoked from the Chemistry application, the list will
contain all chemical parameters, total dissolved solids,
hardness, alkalinity, conductivity, even pH, plus X, Y, Z
and eventually Zm (elevation of measuring point).

This is a very attractive option, since in using it you may
create a contour map of every parameter of interest. For
example, if in the Chemistry application you have en-
tered toluene as a data base item 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
such a map.

The Make Random option is different in the Hy-
drographs application in the sense that there you are
prompted for a certain date for which you wish water
level measurements to be taken (or interpolated if miss-
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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)

Random Md!. Variable

“qF

Ca [
Mg i
Na

K

fe
Mn
HCO03
co3
504
cl
NO3
NO2
PO&4

B

Sio2

TDS

Hardness

Alkalinity

Conductivity EA
H B

Figure 5-29

parameter is selected, the program scans all wells and
samples, reads X and Y coordinates 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 internal file

which is used then in
the Mapping applica-
tion for creating vari-
ous thematic maps.

Figure 5-30

There, its content may be saved as an ASCII file. As dis-
cussed earlier in this Chapter, such an ASCII file will
have four columns, with X and Y coordinates in the first
two columns, the TDS values in the third, and well iden-
tification name in the fourth column.
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In several applications you may be editing input data in
a table. These applications are: pumping test, step-draw-
down test, grain size curve, and hydrographs. If you
opena 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 before the

operation is exe-
cuted, or exit the
table without sav-
ing the newly ed-
ited data.

v

You are editing measurement data.

Save or Exit data before this ocperation,

ar

cance! this operation

TRy

Figure 5-31
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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
tool.

X and Y coordinates that uniquely locate a well, a
water point and/or a sample.-

Z coordinate, or ground surface elevation, or an ele-
vation of any other point on the well that has been
surveyed, measured or taken from a map.

Coordinate of water 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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e TUse of well.
¢ Equipment installed.

e 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 have a quick
overview of all wells in the data base that have a water
level monitoring record, you may add a field into the
Master data structure which will prompt you to enter
either Y (for Yes) or N (for No). The name of the field may
be as follows: Water Level Data Available? This code can
then be used to reduce the data base to a working set of
wells for which a water level record exists. Thus without
switching to the Hydrographs application you may cre-
ate a map showing locations and names of all water level
recording wells.

Similarly, you may want to have a coded field for lithol-
ogy, chemistry, pumping tests, etc.

Depending on what you have entered on Entry Forms
for other applications, some of the information from the
Master Data part of the data base will be copied to other
application’s entry forms. For example, you may have
selected to have on Entry Form for Chemistry the coor-
dinates and location/description of wells. If this infor-
mation is typed in the Master Data appiication, 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 Chemistry 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.

Ml diir | SRS frwad £ 5 e 02 ik benn G ERERETS ) KRR

6-3

Dwsergman
mynicipal Water Supply well in E1 Frio

Norhing Gnound! Susface Elev e PLBe

83.31 93.31

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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Data Submenu

reduced Working Set, that is what you will find next time
you open the data base.

Most of the screen is occupied with the Master Data En-
try Form. As you type the information, you can move
from one field to another using either TAB key or EN-
TER. Remember that information is not saved unless you
press TAB or ENTER. One entire well is saved only if you
answer all prompts (fields) on the Form, or if you press
the PAGE DOWN key. As soon as you press the PAGE
DOWN key, you will notice that the identification num-
ber of the well will appear in the well list 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 PAGEUP or PAGE-
DOWN. Alternatively to finish entering information for
a well, press PAGEDOWN or PAGEUP. One well on the
list of wells window becomes highlighted. Now you
may use arrow keys to move up or down. To select a well
you may always click with the mouse on its name in the
list.

The following options are available on the Data sub-
menu:

Select Working Set. This is explained in Chapter 5, sec-
tion 5.3.

Delete Record. This is used to delete an entire record
from the data base. However, deleting a well from the
Master Data application will not delete this well from the
data base, if the same well is used in some other applica-
tion. Remember this is a relational data base. The infor-
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 completely 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 activate this op-
tion a dialogue box with all available entry form names
will be displayed for you to choose from.

Standard ASCII Input. This is explained in Chapter 5,
section 5.5. It is used to import data from other pro-
grams, such as dBase IV, provided they are saved as a
standard ASCII file and that they follow the GWW con-
vention of input. Using this option you may enter many
wells at once without using the Entry Form.

Standard ASCII Output. This is also explained in Chap-
ter 5, section 5.5. It is mainly used to back up your data
base.

Printer Setup. This is explained in Chapter 5, section 5.4.
It is a standard Windows routine which displays the dia-
logue box of the printer driver that you have selected to
be the default printer in Control Panel of the Windows
Main Menu.

Exit. Selecting this option or pressing ALT+F4 will termi-
nate the work in the Master Data application and return
you to the GWW main menu.

Units are discussed in Chapter 5, section 5.2,

The following options are available on the Data sub-
menu:

® Print Report
e Select Table Form

e 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 separate pages, or group all the in-
formation for all the wells on one or more pages. The first
option would be printing a record, and the second print-
ing a table.

Grouped information may be printed in a table like the
one shown in Figure 6-2. An individual record for a well
may be printed in a record form as shown in Figure 6-3.
Both of these forms can be designed using Tools on the
Main menu bar, and selecting Report Forms Editor as

flmn New Fleid énribuies gpﬂuns gclp

Coordinates

Well General Data - Coordinates =
POV S ———

‘Wall Idant X Y z

6-6
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Figure 6-2
explained in Chapter 3.

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 report as displayed in Figuire 6-2 was printed
using the following sequence:

1. Report.
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e

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.000 template).

s 3. The name Coordinates was double clicked.
" 4. Print Report option was then selected.

This option is discussed in Chapter 5, section 5.6. It is one
of the most important options provided by the GWW
system. Normally you would want to produce a location
map showing all wells contained in the data base. 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 coordinate), and cre-
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 create a gridded model from these ran-
dom points.)

" This option, which is discussed in Chapter 5, subsection

5.3.2, is also one of the most important features of the
GWW system. It permits you to reduce a large set of
wells to a smaller set by directly selecting from the map.

This is a context-sensitive help which contains most of
the explanations, procedures and routines that are appli-
cable to the Master Data application.

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 for chemistry may become unnecessar-
ily “loaded” with information from the Master Data applica-
tion if you keep in the latter too many entries.

On the other hand, well logs application will not backup data
entries which have not been foreseen by the programmer. For
example, even if you prepare data entry fields such as elevation
of a stratigraphic unit, or thickness of another unit, etc., the
option Write to STD ASCII File will not copy this information
to an ASCII file. If this information is maintained in the Mas-
ter Data application, it will be backed up in and ASCII file.

Try to keep the number of field entries within the Master
Application to a minimum. This is because all Master en-
tries will be copied to every other application’s ASCII
backup file. For example, backing up the Chemistry, you
will copy not only cations and anions, and all other
chemical constituents, but also all Master data.
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7.1. GENERAL
In the Chemistry application you can do the following;:

1.Create 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.
5.Prepare data for contouring, create internal files with

random points to be used in the Mapping application for
gridding and contouring.

7.2 MAIN MENU °
BAR AND MAJOR
OPTIONS

The main menu bar for the Chemistry application is
shown in Figure 7-1. The screen is composed of three
parts: -

Diagram
Well Ident

Identification Data
well [dent Description

Figure 7-1

1. Menu bar with major options.

2. Well Identification window on the left, with the list of
all wells/samples.

7-1
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Well Ident
3. Entry Form for data in- o
put or editing. P-153
P-155
. . P-163
The list of wells is en- P-156 =
larged in Figure 7-2. You 170 f%
may move and resize this gl
window using Windows P18 -
option for moving and P186
resizing windows. With a paal
large number of samples P-200
: P-205
in the data base you may P-206
need to use the side slide oy
bar to select a sample of R215
s Pr218
interest. P-236
P-248
. PE02
The Entry Form is a de-
fault form prepared by the Figure 7-2

programmer. You may se-
lect one of your own
forms with constituents other than the ones shown in

Identification Data
Wedl idert Descrphon
P-110 Production Well iz Let 110
Input Data
Ca Mg Na K Fe
13.23 20.30 18.77 1,17
Mn HCGI co3 S04 o]
131.79 24.30 0.05 4.25
NO3 NO2 PO4 F B
SiI02 oS Hardness Alkabnity Conductrty
218.00 270.00
pH
6.0 Computed Data
SAR Cabons Augns Balance Emor %
0.7968 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 Form 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.

7.3. DATA SUBMENU

i1 M Diagrams Reports Qptions
Selecting the option Make Data Group
DATA from the Select Working Set
menu bar will bring Select Entry Form

the pop-down Sub' Delete Record Ctrt-D
menu as shown in Standard ASCHl Input

Figure 7-4. By nOW | standard ASCII Output
-you should know | 01d to Std. ASCIl Conversion
the function and

use of each of these Pﬂ_mﬂ Sewp

- commands. Most of Ext AF4
it was explained in . '

~ Chapter 5. Figure 74

' 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.

You 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,

7-3
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Stiff Diagram
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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 create an AS-
CII file with constituents in epm.

As shown in Figure 7-5, the
Chemistry application cur-
rently has the following dia-
grams:

Disgrams

Piper Diagram
Wilcox Diagram
Stiff Diagram
Schoeller Diagram

4 Plger D1agram or trilinear

Wﬂcox lalaggam or irriga-

lagram.
. S Dlagram
¢ SCHOELLER Diagram. Figure 7-5

In addition to the explanation

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 have a chance to replace the words selected
by the programmer with your owr, in English or in any
other language.

The STIFF Diagram is named after H.A. Stiff, Jr. Thisis 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 a table, plus you may have a small loca-
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Piper Diagram
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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.

Milliequrvalents per liter
§ 4 3 2 1 0 1 2 3 4 §

HCOC0,

S0,

Figure 7-6

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 on 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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played.) Of course, you may always use larger paper or
use landscape orientation.

100

Ca+Mg

COMHCO,

Figure 7-7
1 B B SRRGI3 F SRRG-H
1M § SRGI8 0 SRRGR
3 M A SRGI7 H SRRGZ3
MR B SRRGIE | SRRGN .
V5 SRRGE C SRRGIG 1 SRRGM
§ SRRGI D SRRGE K SRRGE
1 SRGE E SRGX | SRRGE
Figure 7-8

7.4.3. Wilcox Diagram WILCOX Diagram is named after Wilcox from the U.S.
Department of Agriculture. This diagram is used in
studying the suitability of water for irrigation purposes.
High content of exchangeable sodium is highly undesir-
able for agriculture, as is the high total dissolved solids
content, expressed as conductivity of water. An example
of a screen display of the Wilcox diagram is shown in
Figure 7-9.

7-6
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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 limitations of lines
(solid, dashed, dashed dotted, and dots on the line) it is
not advisable to display more than 10 samples on one
Schoeller diagram. Read also section 7.6. Options. One
example is shown in Figure 7-10.

You may report or print data from the cherical data base
in tables. Two table forms are designed by the GWW pro-
grammer as defaults for reporting major cations and ma-
jor anions in (1) equivalents per million (epm), (2) parts
per million (ppm). Their default names are Tableepm
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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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Figure 7-10

have in the data base. However, be careful in selecting
the units of reporting. In the GWW system chemical con-
stituents have simple chemical names such as Ca for cal-
cium, NO3 for nitrates, etc. If displayed like this they will
be reported as equivalent per millions. To distinguish
epm from ppm for the same constituent, the GWW sys-
tem adds ppm after the parameter name. For example
Ca will be calcium in epm, but Cappm will be calcium in

ppm. You may place either or both on the same table
form. One such reporting form is reproduced in Appen-
dix C. For advanced users of the GWW software, addi-
tional explanation of format and attributes is given in
Appendix C.
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Optisns  Map Make Random Help
When activated, the re- Rl

t option displays a | WilewDisgrem
port optio splay Print Stitf Diagram
POP'dOWI'I. submenu as Print Schocller Diagram
Thereis a differenceinse-  Save Wilcax Diagrem
lecting to print using one  Seve St Diagram

Save Schocller Diagram

of the four commands

i i <] 504
listed in the upper rectan- s"ﬁ:: g;;:ﬂg Set
gle. When these print  pinRecord pata PO4 P

commands are activated, Print Nonstandard Report
the program will assume | | |"™® ™
that you want to use
standard printing or re-
porting forms. You will
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 diagrams (in upper rectangle).

Figure 7-11

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:

1. 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 comumands from the lower rectangle permits
you to select (a) the diagram to print, (b) the reporting
form for that diagram, (c) the table form for all or a 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 forms designed by
you or by the GWW programmer will be listed in a dia-
logue box, permitting you to choose from any of them.
For example the list will include, by default, the dia-
grams such as Piper, Wilcox, and Schoeller, plus any
other table form 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-
ommended not to print more than 10 samples on a
Schoeller diagram. In these cases, you are advised to use
the command Print Group. The options Print Working
Set and Print Group are identical except for the content
of reporting,.

You may also save any graphics that is currently dis-
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 external file to convert
between ppm and epm vatues. This is a simple ASCII
file, named by default PPMTOEPM.TBL, the partial con-
tent of which is shown below and its full content in Ap-
pendix D.

e Ca 0.04990
e Mg 0.08224
e Na 0.04350
e K  0.02558
e Fe 0.05372
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e Mn 0.03640
e HCO3 0.01639
e CO3 0.03333
e S04 0.02082
e Cl1 0.02820

e NO3 0.01613
e PO4 0.03159
e 5i02 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.

LI Map Make Ran
Show PPM Yaiues
Shever EPS Ynlaes

Set Max. Balance Esror

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 "tmbal-
ance" is set at 10%, but you may assign your own crite-
rion using this option. When invoked, the dialogue box

will be displayed as shown in Figure 7-13.

error [3]

Enter maximum cations-anions balance

[10

2]
i
e

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-
tault, the range is set from 0.1 to 400 epm. The upper
values are sufficient to display the sea water salinity, but
are too high for an ordinary ground water sample. You

- will probably want to reduce the upper limit to some 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 minimum 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
diagram [EPM]

[

Figure 7-14

LT Make Random Help

The Map option per- Load Map .
mits you to select Make Data Group from Map

wells or samples di- Select Working Set from Map
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, watér points or samples using the option Make
Random, then the Mapping application in which you ac-
tually create a map.

To select wells directly from a map you should follow the
sequence:
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1. Select Data on the menu bar.
2. Choose Select Working Set.

3. Click on Unselect All to remove all wells 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 Area. Do not forget to close the area by select-
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, de-
pending on what you have decided to create. You
will notice that all 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 OK.

This option is explained in Chapter 5, section 5.6. In the
chemistry application you may create random models
for every chemical parameter, every constituent, for total
dissolved solids, alkalinity, hardness, pH values, for to-
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tal anions or cations, for sodium absorption ratio, or, in
short, for every space-dependent item which has a nu-
merical value. This in turn permits you to create a con-
tour map for every such parameter.

Randem Mdl. Variabie |

When this option is invoked the
dialogue box, like the one shown
in Figure 7-16, will be displayed.
The box lists all space-distributed
parameters from the chemistry
application and the master data
application. When you select a
parameter of which you wish to
create a random point internal
file, all wells or samples in the cur-
rent working set will be scanned
and included into the random .
points file, provided they have X and Y coordmates

Figure 7-16

The final option on the menu bar is Help. This is a con-
text-sensitive Windows-written help which explains al-
most everything explained in this manual.

EXAMPLE THREE

‘This is Example number three. The first task is to create

a new data base with the following constituents in the
base:

TDS
H
onductivity

Toluene
Phenol

e Benzene
e Jron
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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
H =82
onductivity = 412 micromhos per cm at 25°C
Toluene = 4 5 pPpm
Phenol = pm
Benzene = 2 ppm
Iron=24 ppm

You must follow the steps:

1. Create a new data file structure.

. Create a new entry form.

3. Type data into the entry form and the data base.

I I I R R S

. Start GWW and select New GWW Data Base.

Give the base the name FARMLAND.GWW.

Select Tools. ‘

Select Data Structure Design.

Select File.

Select Old.

Select Chemistry.

Move the cursor to Ca and click on the button Delete.

Repeat with all constituents, deleting one by one. Re-
tain only Well Ident, Fe (Iron), TDS (Total dissolved
solids), pH, and Conductivity. What remams may
look as shown in Figure 7-17. -

10. Click on New.



CHAPTER 7 CHEMISTRY APPLICATION

7.11.2. Create a New

¢

Entry Form

7-16

Data ftemns

wall ldent A0 well

Fam—taeas 10 Run(Dod) Eixed 2
TDS 10 Hum(Usd) Fixed 2
Conductivity 1 Hum(Uod) Fixed 2
i 10  Rum(lad) Fixmd 2

Figure 7-17

11. In the dialogue box type Toluene in New Field. Re-

12.

13.

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.

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 OK.

Do the same for Phenol. The list of constituents
should look as shown in Figure 7-18.

14. Click on OK. The changes are automatically recorded

15.

in your new data base.
Click on File, then on Exit.

1. Select Tools.

2. Select Data Entry Forms Editor.

O

. Select Chemistry.

4. Select Form.

5. Select New.



CHAPTER 7 CHEMISTRY APPLICATION

7.11.3. Create Data
Base Entry

€

7-17

EOE T rudhire:

Data ttems
T ldent TG wel.
Te it bux(Und) Fized 27
DS i Mun(lnd) Fixed 2
Copductivity 16 Rum(Und) Fixed 2
pH 10 Hum(Und) Fixed 2
Tolusae 3 Hun{Und) Fixed 3
Banzene 3 Hum{Und) Fixed 3
Phenol b Hum{Und) Fixed 3

Figure 7-18

6. Select first New Field, Header, and type EXAMPLE
THREE ... New Chermical 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 TDS, then on Conductivity.
Continue by selecting Toluene, Benzene, and finally
Phenol. The form may look as shown in Figure 7-19.

10. When satisfied with the content and layout, click on
Form, followed by Save As ... Confirm by double -
clicking on Standard.

11. Click on Form, and on Exit.

1. Select Applications.

2. Select Chemistry.

3. Select Data menu.

4. Select New Entry Form, and double click on Stand-
ard.
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Description 1;&;
! Fe TDS (ppm) Conauctvay pH [;:;
Tolene |Benzene | Phenat i:

R

Figure 7-19
5. Start typing, MW-1 in the Well Identification field,

followed by TAB. Continue with the description
field, then with other fields. Always end a field with
the TAB key. When finished, press PAGE DOWN.
The cursor is now in the blank Well Ident 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.

I EXAMPLE THREE .. Farmiand Facility Chemical Data Base

Figure 7-20

Description
Monitoring Well on Farmland Facil ity
Fe TOS {ppm) Conductrty pH
2.40 465.00 412.00 8.20
Toluene Benzene | Phenaol
4.500 2.300 |2.4
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7. Select Application again, and click on Master Data.
Notice that the display contains onty one well, MW-
1. The only information shared between applications
is Description. The display is as shownin Figure 7-21.

This ends example number three.

= Master Dats | : chgwehfarmiand qww]

Data  fnls Report Make Random LoadMap Hemp

ot T Tt ePA ey M“"E?M{x&hwmw RN R T
ITRAT0 IRCAIA CRLL OO O w-»:mnw-
MW-1 +a-‘$¢w$+nm PR -a-iiSwametFéim FE TR
Oe=crgon
menitoring Well on Parmland Facility
Eastng I Naoriring 'l Groung Surface Elev JM!zsur Pt Elev

LIS S v HhET e Mansmeth

SssnEdieg Siint i

}M--{#:\(QH\‘#}\‘ ¥ 4
ik

Lol

7-19



CHAPTER 7 " CHEMISTRY APPLICATION

This page intentionally left blank.

7-20



CHAPTER EIGHT WELL LOGS & LITHOLOGY

8.1.

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

1. Create a new well log by entering 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 well log with its construction details on the
screern.

"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. Print a well log, using a default reporting form or
forms that you created.

This application works in conjunction with three exter-
nal 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 LITH.DLT and ANNULUS.DLT. The
first file contains many pre-programumed lithologic sym-
bols for displaying and printing various 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-
pendix E.

As in any other application of the GWW system, you
may enter "dedicated" data for wells using this applica-
tion (lithology, construction details, materials filling the
annulus, size of concrete block, etc.) and general data on
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:

12nz

8-2

734320.00 3057920.00 119.40 120.00

Concrete Block Scales
Dx Dy Height Vertcal Horzortal
SWL
116,00
Figure 8-1

® Data
¢ Well Log Data (abbreviated to W.L.Data)
¢ Display
¢ Construction
® Report
¢ Lithologic Units (abbreviated to Lith.Units)
¢ Load Map
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e Make Random
e 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 you are using (one line for 1024x768
or 800x600; two lines for 640x480).

List of wells on the left currently in the working set, with
the number of wells. The first number tells how many
wells are currently in the working set, and the second
number tells the total number of wells in the lithologic
application of the data base.

Entry form with information on the first well on the list
or an empty form for a new data base.

8.3. DATA

The Data submenu is shown in Figure 8-2. The following
options are available:

|
Select Working Set. .

.

e Delete Record. Delete Record Crl-D

e General Data Units. General Data Units -

¢ Change Entry Form. Change Entry Form

¢ Standard ASCII Input. Standard ASCII Input -—

® Standard ASCII Output. Standard ASCIl Qutput 0

¢ Printer Setup. - —

e Exit. Printer Setup ¢
Exit AltF4

You use Select Working Set [SRRG7
option in the same manner as [SRRG8
with any other application. Its  [SRRGS
use is explained in Chapter 5, Figure 8-2

|

swiL




CHAPTER 8 WELL LOGS & LITHOLOGY

8-4

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.

The general data units option permits you to (a) check

- which units you are currently 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:

1. Move the cursor to the well you wish to delete.
2. Select Data on the application’s menu bar. '

3. Select Delete Record, or hold down the CTRL key and
press D key.

4. A warning will be displayed giving you a chance to
reconsider.

You may use the default entry form as displayed in Fig-
ure 8-1, or any form that you may have created following
the steps explained in Chapter 3. To change the form:

1. 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 form. (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 ASCII 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 well log information may look as fol-
lows:

WELL: PO-1
X: 657900.00
Y: 949000.00
ELEV: 8000
ELEVM: 79.22
LITH:
13.000 CLAY
22 000 SANDF
32.000 CLAY
37.000 SAND
44.000 GRAVEL
63.000 SANDM b
71.000 GWS X
90.000 CLAY
101.000 SAND SAND MEDIUM GRAINED
106.000 CLAY CLAY WITH 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
109.000 GWS
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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 ASCTI file read Chapter 5, Section 5.5.

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:

1. 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 HZARLL ce
or press ENTER. A pata el Display Censtru
table suchastheone o)
shown in Figure 8-4 r— Depth Data

will be displayed.

and the third Com-
ments. The depth
value is the boticm
of the layer de-
scribed in Lith. Unit Figure 8-3

column. The code in

this column must be

listed in the ASCII

file which contains codes, description and symbols
for each lithologic unit to be used in the database. As

Save Log Data Ctri-S
Exit (don't save] Ctr-X

The table confains |Deesi Ihickness Data 5
three columns. The P DepthfThick. Units ¢
first is Depth, the i Insert Row CrH e
second Lith. [nit, Delete Row cuD |

J{imjuniw| o
\
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“Depthing 3o bith Unle 3 700 Mgl B3 b Bamemen! 4080 S0 B RO

13 |CLAY
22 |SANDF SAND fine With scme ‘\maedium grainaed sand
32 |CLAY
37 [SAND
44 |[GRAVEL JCRAVEL all granulations'\ With =and
63 |SANDM
71 |GWS
" 90 |[CLAY
101 |[SAND SAND medium grained
106 |[CLAY CLAY wWith moma gravsl

CLAY

Figure 8-4

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 .
LITH.DLT file as SAND, in this table you must also
type SAND. If you mistype, or simply forgot the
code, the program will stop and wait for a correct
code. Also, if you type depth intervals out of se-
quence, the cursor will return to the wrong input.
You will not be able to save the data unless you cor-
rect the input. :

NOTE. Codes are case and content sensitive.

3. You may edit depth intervals, codes for lithologic
units, and comments. You will notice that for some
layers (intervals of depth) there is no comment, while
in others there is additional description of lithology
in the Comment column. This is interpreted in the
following way. Each symbol in the file LITH.DLT is
defined with a symbol name, which is the first word
inthe LITH.DLT file (CL.AY, SILT), and a description
which will show on the display and on the printed
well log. 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 well log or to type
something different and /or expanded. If you decide
not to type anything in the column Comment, the de-

¥
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fault description of lithology will be used from the
file LITH.DLT. If you decide to type anything in the
Comment column, the program will reproduce what
you type and not the default. You may type long de-
scriptions, but use backslash (\) as 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.

5. When you have finished editing, press the combina-
tion CTRL+S to save
and exit. Other combi-
nations are displayed in BT Lo Tt
Figure 8-5. For example Depth Data
CTRL+I will insert a Thickness Data
row, CTRL+D will de- DepthfThick. Units
lete a row. If you wish to — “oh
exit without saving [;'slct pim ClD
what you have just ed- it
ited, hold down the key Save Log Data  Cul-S
CTRL and press the key Exil [don't save) Ctrl-X
X.

LaABIEEl Display Const

Figure 8-5

When you are in the editing

mode, you may click on

W.L.Data again. Now all options are available, as shown
in Figure 8-5. Normally your data are entered as depths.
You may select the option Thickness Data, and your
data in the table that you are editing will be expressed as
a thickness. The option Depth/Thick. Units allows you
to change units for depths. When you select this option,
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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1. In the Entry form type the new Well Identification
name or number, using any combination of numbers
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 some 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 have infor-
mation. Normally this would apply to X and Y coor-
dinates, 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 because you need to know more before
you can create a log.

On the screen and in the report, the GWW program dis-
playslithologic units as various symbols and colors. You
do not need to add colors if you do not wish to print logs
on a color printer. However you do need to have one
lithologic symbol for each lithologic unit.

As mentioned-before, these symbols are contained in a
special ASCII file, named for the GWW by default as
LITH.DLT. You must tell the program, when you start
creating a new data base, this file’s name and the path to
find the file. This is accomplished using the option Lith.
Units on the application’s menu bar.
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8.5.1.

When this option is invoked you will be offered four
choices, as shown in Figure 8-6:

¢ Edit Lithological Unit ' Jaeiidiiie roxed iy
todit Lithological*Umnit
e Standard ASCII Input Standard ASCIl Input
Standard ASCIl Qutput
o Standard ASCII Out'put | Delete Lithological Units
® Delete Lithological Unit
Figure 8-6
Read In File
with Symbols
for Lithologic
Units 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 8-7 listing all files
with extension .dlt (stands for "define lithology") in your

o Lithological Units Standard ASCII Input

Input file

Filename:

Directory: CAGWD

Files:

Directories:

annglus.dhit
lith.dit
screen.dit

Figure 8-7

current working directory. In the case displayed there
are three files with this extension:
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8.5.2.

Edit Lithologic
Symbols and
Descriptions
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ANNULUS.DLT, which contains several codes and
symbols to be used for displaying materials filling the
annular space;

LITH.DLT, the main file with all lithologic units to be
used in the data base;

SCREEN.DLT, which contains two entries, one for
screen and another for blank casing.

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 programlooks
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:

1. Select Lith. Units on the

menu bar. hagd LCdit Lithological Um

' [New Lith. Unit] ¥
2. Select Edit Lithological BOULDER

Unit. CLAY
CLAYH

The screen will display a [[CWG
list with all currently avail- }|¢WI0S
able lithologic units. This is
shown in Figure 8-8. The
list is read from the file
LITH.DLT which was used
at some point in creating o

this data base. The first on Figure 8-8
this list is New Lith. Unit.

Editing of existing lithologic units is shown in Figure 8-9
for a unit coded as CWIOS. The acronym is user-defin-
able. In this case it stands for "Clay With Interbeds Of
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 log is: CLAY with in-
terbeds of sand. You may modify this now, globally, for
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8.5.3. Deleting
Lithological Units

ko Lithological Symboi_-—

; }
Code  [owros ] [ Permeable

Comment [} A with interbeds of sand

Figure 8-9
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every occasion in which the code CWIOS will be used.
Or you may keep it as it is, but modify it later 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 color palette will be dis-
played from which you may select an appropriate color.
You may also edit the symbol itself by adding points and
lines to the rectangle on the left. By moving small mark-
ers up and down, or to the left or right, you may change
the density of repetition of the symbol.

These steps allow you to designe new symbols or modify
the existing ones directly on the screen. The steps neces-
sary to do this by modifying the ASCII file LITH.DLT
will be discussed in Appendix E. :

You may delete one or more lithological units. As shown
in Figure 8-6, you should select the last command on the
menu, Delete Lithological Unit. The new dialogue box as
shown in Figure 8-10 will open, with the list of all avail-
able lithological units. Highlight one or more of these
units, as shown in Figure 8-11, and click on OK. The
highlighted units will be removed from the list.
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Select item(s]

i [BOULDER
CLAY
CLAYH

Figure 8-10

: Select tem(s)
4 BOULDER

Figure 8-11

8-13
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8.6.

CONSTRUCTION

DATA
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On the application’s
menu bar the command
Construction has the fol-
lowing options, as shown

Heport  Lith.Uni

in Figure 8-12: Hole
Casing
e Annulus Screen
e Hole Constr. Units »
¢ Casing Annulus Materials ¥ |2
e Screen

Figure 8-12
e Constr. Units

¢ Annulus Materials

This last option branches into one of the three options, as
shown in Figure 8-13:

Annulus Materials _E_dll
f0.00 966800.00 Standard ASCH Input
Standard ASCIl Qutput

Figure 8-13
e Edit
e Standard ASCII Input
¢ Standard ASCII Output

NOTE. When editing existing data or entering new data (for
annulus, hole, 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 (for 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 (for Delete). Then use the combination of the keys CTRL
and S to save.

8.6.1. Annulus Usmg this option, you can transfer the data on various
materials which fill the
space between the casing SRRAGY — Annulus

and the hole, and specify

_ the depth intervals for
each of these. The display
will look as shown in Fig-
ure 8-14, with two columns:

Ending Desth ]| Aanlus

Figure 8-14
¢ Ending Depth

. Annulus

In the column Annulus you should type the code for ma-
terial filling the annular space (conductor, cement, clay
seal, bentonite, gravel pack, gravel, sand, etc.). The codes
you select here must have been already entered into thé
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 Annuius.
8.6.2. Hole When you select this option and type the information,
the display may look as shown in Figure 8-15.
PO-1 — Hole
Endivg Depth {m} Diameter mj i*
. | o
55 7
109 i
Figure 8-15

8-15
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8.6.3. Casing

8.6.4. Screen

8.6.5. Construction
Units
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Similarly, selecting the option Casing and typing infor-
mation the display may look as shown in Figure 8-16.

PO-1 ~ Casing _ |
g Beph e[ Diswmeter [0] |
0 -]
55 Q.3
108 0.1
y  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 may
look as shown in Figure 8-17.

You may select dif-
ferent units for
length and for vari-
ous diameters. The
option for this is
Constr.Units on the
Construction menu,
which branches into
two suboptions as
shown in Figure 8-
18.

oo PO-1 — Screen
Starting Depth o £ rtihg Deos 1] 123
1is 20 ;
26 |32]
Figure 8-17

FRVSAT FARRAARA

Annulus
Hole
Casing

Screen

Annulus Materials Diameter Unit !

Figure 8-18
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8.6.5.

8.7.

Annulus
Materials

DISPLAY
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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 symbols. Remember that
the GWW program looks for two separate ASCII files,
one for lithology and another for annulus-filling materi-
als.

You may display a well log at any time. It may show only
intervals of depth without any description and symbols.
This will happen if you did not input the ASCII file with
codes, symbols and description of lithology. It may dis-
play intervals, lithologic symbols and description of
units but without any construction details. This will hap-
penif you did input 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 you have all associated files in the data base
and have 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:

1. Select, using cursor or up and down arrows, the well
that you 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 portion, or use
the option Fit Wnd (Fit Window). Notice that the hori-



CHAPTER 8 WELL LOGS & LITHOLOGY

8-18°

CONDUCTOR]
PIPE

10 10] o

CLAY hard

Figure 8-19

zontal and vertical scale of a log will depend on what

. you have selected in your Entry form. Assuming that

you are going to print using the USA letter format, that
is 8.5x11 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 you 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 column (lithology or an-
nulus), change fonts selected for typing. See Chapter 16
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8.8.

REPORT

Customization for selecting fonts for the display and
printout of a well log.

You may display static water level, or any water level on the
log. Prepare your Entry form with the entry SWL. (You should
have first “created” this item to be a part of the data base using
the Data Structure Editor for Lithology.) Remember to type
the SWL as absolute elevation, not the depth to water table.
This value will be subtracted from the measuring point eleva-
tion (Zm) or land surface elevation (Z) and displayed as a line
with inverse triangle in the column describing lithology or
well construction.

You may print a well log 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:

¢ Print Log
¢ Print Table TGy LithUnits Load Map
. The option Print Log will print hlc

the log of the well currently se- -

lected. The option Print Table g::'“lf"glf";“
~will print information, in a tabu- . "f . .° m'

lar form, for all wells that com- Draving Dimension
prise the current working set. Save Well Log Draving
The information which will be Print Nonstandard Repor

printed will depend on what you
have declared in the report form. _
When you select to print using Figure 8-20

one of options in the upper two

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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8.9. LOAD MAP

8.10.

MAKE RANDOM

8-20

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 well log drawing for placing it on a
nonstandard reporting form, eventually mixed with
other graphics. For this, you use Save Well Log Drawing
option, foliowed by Print Nonstandard Report from this
or another application.

This option is explained in detail in Chapter 5, subsec-
tion 5.3.2. It is used to select a working set, or wells to
work with directly from a map.

This routine is explained in more detail 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 some 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 some 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 well log part of the data
base, the only parameters that are space-dependent and
have numerical values are the ones shown in Figure 8-21.
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8.11. HELP

Random Mdi. Variable
SWL

DWL

ConcrBlockDx
ConcrBlockDy
ConcrBlockH

Above GS

Vert.Scale

Hor.Scale

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.

i

Figure 8-21

EXAMPLE }'Oﬂé{

As an exaniéle y;ﬁ will create a well log for the follow-
ing case:

Lithology (in feet):

0-10 Clay

10-16 Sand fine grained
16-22 Sand with gravel
22-36 Clay

36-48 Sand

48-55 Silt

0-10 12 inches
10-55 6 inches

8-21



CHAFPTER 8 WELL LOGS & LITHOLOGY

8-22

asi iameter:

0-10 6 inches -
10-55 3 inches

Screen set in two intervals: 16-22 and 36-48 feet.

The upper 10 feet are cemented, and the rest is filled with
gravel pack composed of sand and gravel.

For lithology description and annulus-filling ASCII files
use the default files: LITH.DLT and ANNULUS.DLT.

You will start by filling in the fields in the Entry Form.
Give the name to the well MW-1. Select the vertical scale
125. The horizontal scale is not important. The program
uses its default. When this is done, continue as follows:
. Select Lith.Units.

. Select Standard ASCII Input.

Click on the file name Lith.dlt in the \GWW directory.
Select W.L.Data from the menu bar. -

Select Edit Log Data.

Select again W.L.Data. The whole menu is now avail-
able.

7. Select Depth/Thick.Units.

8. Double-click on feet. Notice that the depth column in
the table is now in feet.

oD R W N e

9. Type 10 and press TAB.
10.Type CLAY (with all upper-case letters). Press TAB.
11.Type 16, press TAB; type SANDF and press TAB.

12.Type 22, press TAB; type GWS (acronym for gravel
with sand), press TAB.

13.Type 36, press TAB; type CLAY, press TAB.
14.Type 48, press TAB; type SAND, press TAB.
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15.Type 55, press TAB; type SILT and do not press TAB.
If you press it and there is a blank line for one more
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

R RN R RN Iy
3 AR & 138 3
%Eﬁ -} b 5 R kg

Figure 8-22

16.Hold down the CTRL key and press S to save the ta-
ble.

17.Select Construction.
18.Select Annulus Materials.
19.Select Standard ASCII Input.

20. Select the file name ANNULUS.DLT from the GWW
directory.

21.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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Figure 8-23

27. Type 10 and press TAB, then type 1 (one foot) and
press TAB.

28. Type 55 and press TAB, then type 0.5 (for 6 inches
expressed in feet). The table as shown in Figure 8-24
is displayed.

29. Hold down the CTRL key and press S to save the
data. -

MW-1 — Hole
Eddirg Depth [feet) Didmeter eet |1
10 ]2

- s5(.9

Figure 8-24
30. Select Construction again, then select Casing. Notice
that units are meters.

31. With the table open, select Construction, then Con-
struction Units, then double click on feet. Notice the
change 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.

8-24
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Mw-1 - Casing
Ending Depth [feet}iDinnteter fteetj[2
1G .5

5§5|.25

Figure 8-25
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.

MW-1 - Screen

weH| Bnding Bpib fenti[
16 22 i
36

Figure 8-26
39. Hold down the CTRL key and press S to save the
data.

Now that all information for 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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9.1.1.

INTRODUCTION

General
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'CHAPTER NINE. PUMPING TEST APPLICATION

/

Using the Pumping Test application from the mainmenu
of the GWW software you may do the following:

1.

Create a data base containing information about
pumped wells, field test data (drawdowns, time,
pumping rates).

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.

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;

®) both time and drawdown coordinate axes are at
linear scale;

(c) 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 (c) standard reporting forms
showing the pumping test data and fitted curve.

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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9.1.2.

Features Of The
Interpretation

Mode

The program permits you to specify the following:

e 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- (52/ 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.

e 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;

(c) 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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9.1.3.

Input Data

Conventions
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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 argument. The argument u is defined as:

u =1*S/4Tt

where r is the distance between pumped and observa-
tion wells, t is the time of pumping, and T and S are aqui-
fer parameters transmissivity and storage coefficient,
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 transmissivity 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:

1=500 m; $=0.10; T=500 m”/day; t from 1 to 100 days.

The pumping test does not need to be run with a per-
fectly stable pumping rate. Pumping rate fluctuations
are allowed and curve fitting will take them into account
provided the history of pumping is known (exact rates
and times of changing rates). Theoretically, the method
can be used for the whole step-drawdown test as well.

You may skip any test data from curve fitting. These
points will still be 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
e option to skip the point from calculation

Each data set must start with the initial line (row in the
editing table) containing 0 (zero) for the time, 0 for the
drawdown, and the initial pumping rate. For example, if
a well was pumped at 2500 m>/ day, 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:

Drawdow

Time n Rate Skip

0 0 2500 '
1 234

2 321

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 level. 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 0 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 pumped for 240 min-
utes at a constant rate of 2500 m”/day and the final
drawdown was equal to 1.00 m, and then the pump was
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Aquifer
Parameters
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shut off and the recovery measured, the data input must
be the following:

0 000 2500
240 1.00 0
241 0.89

242 0.81

243 0.76

245 0.68

247 0.64

250 056

255 0.49

260 © 045

270 038

230 0.34

300 028

320 024

340 . 021

380 0.17

420 0.14

- (This is the example from D.K.Todd’s book Groundwater
Hydrology, 2nd edition, 1980, page 133. The manual
matchmg produced the transrmssw1ty equal to 1140
m?/day, and this program 1162 m?/day.) '

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, respectively, of the semiconfining layer sepa-
rating two aquifers, characterizes the amount of leakage.
This coefficient is defined as the quantity of water that
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. Units
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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). Usually the values of the leak-
age coefficient are expressed in 1/time unit, that is in
day Lor sec 1 Hantush reported values between
4.8x10°8 sec! t0 10710 sec™! for an artesian basin in New
Mex1co wlule Walton reported values from 3.5x10°

sec’! to 8x107 sec™! 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 coefficient 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,
because 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 takes 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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MAIN MENU BAR

Data Edit Eit Display Report Make Random Load Map Help

and for various geometric input parameters in the case
of partial penetration and unconfined aquifer. The meas-
urement units are the units for time, drawdown and
pumping rate. The units you select for measured data
will be displayed in the editing table. The general units
will not be displayed on the screen, nor in reporting
forms. You must be sure of which units you have 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:

.

9-7

T S AN ok ot ol
e
B R R
A RN
SR

Vel Ident ""

Well ldent
PT-1

Obs. Well Distance

SRR
O
SrEeRE R T

Iiescnptiun .

Average Pumping Ra
Z500.0¢C

e Data

e Edit

o Fit

¢ Display

¢ Report

¢ Make Random
¢ Load Map

e Help
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Each of these options, except options Make Random and
Load Map, is explained in detail 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.

o 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.

¢ Eniry form with information on the first well on the
list or an 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 allbut
the recovery method, you 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
coefficient, leakance, estimation error, initial saturated
thickness, and the fit method.

NOTE. If you wish to keep in your data base transmissivity,
storage coefficients, leakance, hydraulic conductivities, etc.
which you may modify or input without accepting the results
from pumping tests, you must modify the data structure inter-
nal file (see Chapter 2) and reporting forms (see Chapter 3).
However, be careful not to assign to these new entries the same
field name as in the default structure. Remember that the de-
fault field names are transmissivity, storage, leakance. 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 form in which the transmissivity as selected by
you will be reported. This may become important if you wish
to create a transmissivity contour map by using pumping tests
results for a certain number of wells, by using calculated
transmissivities from grain size analyses, and by assigning
transmissivities on the basis of well performance or merely the
lithology.

The Data submenu is shown
in Figure 9-2. The following
options are available:

Edit Fit Display |

Select Working Set

® Select Working Set.
Delete Record.

® Select Entry Form.
e General Data Units.

" Delete Record Ctrl-D

Select Entry Form

General Data Units

Print Setup
Prlnt Setup Exit AlFE"
Figure 9-2

e Exit.

You use Select Working Set option in the same manner
as with any other application. Its use is explained in
Chapter 5, Section 5.3. Its purpose is to reduce a large set
with many wells to a smaller set of wells which may be
selected for whichever reason.

To delete a record, do the following:

1. Move the cursor to the well you wish to delete.
2. Select Data on the application’s menu bar.

3. Select Delete Record, or hold down the CTRL key and
press D key.

4. A warning will be displayed giving you a chance to
reconsider.
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You may use.the default form as displayed in Figure 9-1,
or any form that you may have created following the
steps explained in Chapter 3. To change the form:

1. 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 some ad-
ditional values, such as for transmissivity, hydraulic con-
ductivity, storage coefficient, leakance, conductivity of
semi-confining bed, thickness of semiconfining bed, etc.
These values may then be contoured or reported in a ta-
ble.

When activated, the option 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-
ear on the entry and re- .
gorting forms. Vghen you Figure -3
select any of these parame-
ters, you will be offered the full choice of units, all units
that are specified in the GWW.UNT file for a particular
type of units.
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The Print Setup option is explained in Chapter 5, Section
54. ’

The submenu Edit looks as shown in Figure 94. To start,
you should select or confirm the units of measurements

— b9% 7288K Frec

Data i@l Fit Display Report Make Random Load Map
Edit Attributes CtrkA

Edit Measurements Ctri-E
E‘;El Standard ASCII Input —
test? Standard ASCIl Qutput

An example from th:

Todd-1 Inse[i Row CtrH Avetage Pumping Rate Duia

Delete Row Ctri-D 1200.000

Save Measurements  Cirl-S

Exit {don't save] Ctrl-X

Measurements Units

3110.036

Figure 94

for a particular test. When you click on Measurements
Units, the menu extends to three options: Time, Length,
and Pumping Rate. The selection of units is the same as
for the general data. When you select the option Edit
Measurements the units that you have selected will be
displayed 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 dick on
Partial Penetration box and declare the test as a partial
penetration setup. If you do not select Partial Penetration
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box, the dis-
play will offer .
only the Con-  [i&IContined
fined box. Ac- | sl
tually, the \smmipmemioy —peCs] o]
fO]'lOWlng com- hPumping Well Dats. from Top of Aquifer ...
blnatlons are ... to Top of Screen m
pOSSib].EZ ... to Bottom of Screen m
. Dbservation Well Data, from Top of Aguifer ...

(a) Confined 1 ... to Top of Screen m

aquifer box  |..to Boom ot Screen m

clicked. Aquiter Thickness[ | m

The box is

"crossed”. Figure 9-5

Partial

penetration

box is not clicked (it is empty). No other input is re-

quired.

(b) Both the confined aquifer box and partial penetration
boxes are empty. The case is of an unconfined aquifer.
You must type the value for Initial Saturated Thick-
ness.

(c) 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 underneath, depending
on whether you have 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.

When you select the Edit Measurements option, the edit
table is displayed. It may contain data as shown in Fig-
ure 9-9, or it may be empty prompting you for input. No-

© tice the units displayed in the header. These are the units

you have selected using the option Measurements Units
on the same menu. Notice also the first row of the data,
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with 0 for time
and drawdown, gﬂjgmmiam =)
and a value for
pumping rate.
You enter or edit
data using the
TAB key, ENTER,
Or mouse.

0 27
[E]
0 34
0.37
0.4
0.45
0.48
.53
0,57
{6
0 63
0 &7
.72
.76
81
0.85
[(]

2

Sttt e

P PR Y S Y S 1

LY Lo Lo el I

ajolofale]|w|

DI NE a0 AU

NOTE. Remember
that you must not

press TAB or EN- e 0.3 <)
TER when you fin- 3 — H
ish typing of the I LT {
last data input. If 2] i 5

you do a new line
will automatically
be opened. Since it Figure 9-6

would be blank the

fitting would fail.

For this not to hap-

pen the program will warn you to delete the line. To delete any
line, including the last blank line, you hold down the CTRL
key and simultaneously press D.

You do not need to keep repeating the pumping rate
value. Only if it changes should you type the new value.
The "Skip" column allows you to eliminate some points
from the calculation of the fit. Type * on the row you wish
to eliminate.

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 you to se-
lect a file“will be displayed as shown in Figure 9-7. The
program assumes that the extension of such files is.pmp,
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but you may change
this by YPINg ¥ ouT I Ty
nation.

Filecname: |m

Directory CAGWD

The normal procedure
in creating a test set § =
would be to: ;:Iilp;yn.';mp

2
p545.pmp -';- m
1. Create a test well en- sagariipmo "*" )
. tegthan.pmp Lo H
try by assigning | (elsem 3 |fmy
well identification,
typing in -descrip-
tion, and typing the
distance tg’c?bsegrva- Figure 9-7
tion well.

2. Select Measurements Units for time, drawdown, and
pumping rate.

3. Select General Data Units.
4. Set Edit Atiributes 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 have 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 500

1.040
1.775
2.956
4.894
6.142
7.059
8.158
8.720
9.346
9.674
9.967
10.230 400
10.119

"9.940

9826
9.754
9.707
9.657
9.658
9.652
12.151

The results of this test are interpreted in the following
way. The well was pumped at a constant rate of 500
m /day in the first 60 minutes. In the second hour the
pumping was at a reduced rate of 400 m>/ day. The test
terminated after two hours of pumping.

The GWW package contains four methods of fitting

data: Theis, Jacob, Hantush, and
Recovery. This is shown in Figure
9-8. You must not use the recovery
method if the data are not pre-
pared for the recovery. You may
use either Theis or Hantush on

acob Method
Hantush Method
Recovery Method

the same set of data and see the Figure 9-8
difference in fitting.
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Each of the methods works initerations. The fitting starts
with values of transmissivity and storage coefficient as
initial guesses calculated using the Jacob’s approxima-
tion. Since the fit for the Theis method is a two-parame-
ter iterative algorithm (transmissivity and storage
coefficient), it is much faster than the Hantush method
which is a three-parameter algorithm (transmissivity,
storage coefficient, leakance). If, on top of this, you select
a partial penetration case, the processing may take sev-
eral minutes on relatively fast computers (82486 running
at 33 MHz).

In rare cases it may happen that there will be no fitin a
pre-specified number of iterations (set at 100). This will
be the case when test data do not come close to theoreti-
cal expectations of a normal leaky or nonleaky aquifer.
However, if you notice at the first iteration that the esti-
mation error is labeled with five or more asterisks, your
data file is not correct. This will be the case if you 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
entry form.

The display is used for (a) viewing field data before fit-
ting, and (b) displaying the fit.

You may wish to view the test data to check for errors in
typing or measurements. Time data will be OK since the
editor will warn if some 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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PT-3
i L
el y
E- j
‘i n m oo A=D
Time: pui]
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):

e time at logarith- [RUEESE Report Make Random
mic scale, 'c}raw— Log-Lin Diagram SRR
down at linear Lin-Lin Diagram e

scale; Log-log Diagram

LA

e time and draw- ' -

down at logarith- Figure 9-10
mic scale;

e time and drawdown at linear scale.

Notice that the printout will always be in semilogarith-
mic scale. One of fitted semilogarithmic 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.

9-17



CHAPTER 9 PUMPING TEST APPLICATION

PT-4

Dy o Lm)
w b
I
'1'

Figure 9-11

9.7. REPORTING

By selecting the Report option from the menu bar you
may print the following:

e 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.

¢ A table 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.

® A table for all wells making the data base or working
set displaying some 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 some general infor-
mation about the well, test results, methods of fitting,
and the diagram. This standard form, which is a part of

9-18
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the data base template
GWW.000, is prepared
for the following units:

d Trzansmissivity in

. Select Fit Form

m /day ped  Stlect Table Form

¢ Drawdowns, aquj- Select Diagram Type Log-Lin Diagram
fer thickness, dis- Save Diagram LirrLin Diagram |
tances nd S Rl iy

a Print Nonstandard Reponl “Temoare s

geometry of test e
wellfield setup in Figure 9-12
meters.

¢ Time in minutes.
® Leakancein day’l.
® Pumping rate in m> /day.

You may need to modify this form for another set of
units. [The modification is done using Tools from the
main menu, followed by Report Forms Editor, then
Pumping Tests, and Single Record Form, File, Old_
Standard form.]

If you select the option Print Fit, you will not be
prompted to select a reporting form.

Similarly, using the option Print General Data Tablie 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 middie 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.000 template data base, three reporting
forms have 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 forms as shown
in Figure 9-13. The "PartialPenetration’ form refers to a
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pre-designed form [
which reports all in-
formation about the PartialPenetration
test setup. The | [Sanderd
Standard form

should be used for
fully penetrating
wells. It will report
either Theis, Han-
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.

Figure 9-13

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
included into the fit.

For each type of reporting, whether for single test or for
all tested wells, you may create more than one reporting
form. When you create such forms using Report Form
Editor from the Tools menu, you should save them using
Save As .. option, and assign an internal file name. When
the Select Fit Form or Select Table Form option is in-
voked, all these forms will be listed for you to choose
from.

Youmay 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 in'other applications, you will be prompted to
save the graph under a name, and to decide on the dia-
gram size.

This routine is explained in more details in Chapter 5,
Section 5.6. The program will aliow you to select any one
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of space distributed numeric parameters available for
this application, including some that may have no mean-
ing for contouring (such as e.g. average pumping rate,
geometrical parameters referring to the position of
pumping and observation well screens, etc.). Normally
what you will want to prepare for contouring will in-
clude 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.

This option is explained
in details in Chapter 5, Figure 9-14
subsection 5.3.2. It is

used to select a working

set, orindividual welis to

work with, directly from

a map.

This is context-sensitive on-line help which guides you
through various options and procedures.
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EXAMPLE FIVE

In this example you will create 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 completely penetrating well is pumped at a constant
rate of 500 gpm. Drawdowns during the pumping pe-
riod are measured in an observation well 150 ft from the
pumped well, at times varying from 2 min to 6 hr. They
are recorded in the table below.

Pumping
Time Drawdown Rate
{min) (ft) (gpm
0 0 500
2 1.2
3 19
4 2.45
5 29
6 335
7 3.65
8 41
10 4.6
14 55
18 6.15
24 7
30 7.75
40 8.5
50 9
60 95
80 10.05
120 103
180 105
240 10.65
360 10.8

The procedure is as follows.
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1.

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.

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.

Notice that the well list contains the well number
DW-1. Click with mouse on DW-1 in the well list win-
dow.

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.

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.

From Edit menu select Edit Measurements. Check
that the time is in min, drawdown in ft, and pumping
ratein gpm.

Start typing. Type 0 in Time column, press TAB, type
0 in Drawdown column, press TAB; type 500 in
Pumping Rate column, press TAB twice. The cursor
should be in first column of the line two.

10. Type 2 in Time column, press TAB; type 1.2 in Draw-

down column, 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.



CHAPTER 9 PUMPING TEST APPLICATION

11. Type 4, press TAB; type 2.45; press TAB three times.

Dw-1

12. Keep typing until mrmars ke b s s
the last lijrfllg, t}§pe 360 —) S i =
in Time column, 2 w2
press TAB; type 10.8 4 Z.45
in Drawdown col- > )
umn. Stop here. The 7 3.68
screen should dis- = 1
play as shown in 14 5§
Figure 9-15. Instead . 18 6 15
of pressing TAB ;; e
save the table by 40 8.5
holding down the -2 —
CTRL key and 80 10.05
pressing S (for save). s a3

13. You are back in the ?;;2 mw'ss
application’s main
menu. Select Dis-
play to look at what
you just typed. Se Figure 915

lect Log-Lin Dia-
gram. The screen’s
display should look as shown in Figure 9-16.

DW-1

Urpth ey
il

L

Figure 9-16
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14. Click on Close on the right side to remove the dis-
play.

15. Select Fit, followed by Theis Method. Wait until the
results are displayed. The screen should look as
shown in Figure 9-17. Notice the resuits:

Well Ident Descnpaon

m ' Example from DeWiest's book, 1965, p.264-266

Obs. Well Distance Average Pumping Rate | Duraton Inthal Saturated ™
150.00 500.0G000 360.0000

Transmissity 7 Swrage Coefficrent )
27178.77 0.0002952360

Fit Method Theis Methed

Figure 9-17

® Transmissivity = 27,175.74 gpd/ft
e Storage coefficient =0.000295
e Estimate Error = 0.67 ft.

16. Select Display. Select Log-Lin Diagram. The fitted . .
curve is as shown in Figure 9-18. Not too good! :

17. Print results by selecting Report and Print Fit.

18. Check whether this may be a leaky aquifer case. First
remove the diagram from the display by clicking on
Close.

19. Select Fit followed by Hantush method. Wait until
the processing is finished and notice the results:

e Transmissivity: 16,177.67 gpd/ft
® Storage coefficient = 0.00043
¢ Leakance = 0.00616 1/day
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e Error estimate = 0.14 ft.

20. Look at the fit. Select Display, followed by Log-Lin
Diagram. The display is as shown in Figure 9-19. No-
tice that the fit is much better. You do not need to look
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 portion of pumped water is supplied from
leakage.

This ends the example.
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HYDROGRAPHS APPLICATION

Using the Hyciro graphs application from the main menu
of the GWW software you may do the following:

1.

Create a data base containing information about
water levels in observation, monitoring or pumping
wells.

Switch between water levels in absolute elevations
and depth to water table from a measuring point.

. Display measured water level data for the whole or a

selected period of observation. Connect all water
level points in the data base or select a "connection”
span, leaving "unconnected" points as random
points on the hydrograph.

Print the results in hydrograph forms with general
data on wells as a header and one or more graphs
and location maps.

Interpolate water levels, or depths to water table, for
any date within the period of observation. Prepare
water level (or depth to water) data for contouring.

Prepare water level (elevation) lines to be displayed
on hydrogeological cross sections.

As shown in Figure 10-1, the major options on the appli-
cation’s menu bar are the following:

e Data

e WlLevels (abbreviated Water Levels)

¢ Display
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== : diogiaphisiiengwdiie st :gum
Rata W, leveis Digpiay Bepot Make Random Load Map [nterpolation  Help

Well ldent

Figure 10-1

¢ Report
e Make Random
e Load Map

¢ Interpolation
* Help

Each of these options, except options Make Random and
Load Map, is explained in detail 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 Hydrograph application is selected the dis-
play window consists of three main parts:

¢ Menubar 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 making the current work-
ing set and the total number of wells with water level
records in the data base.

® Entry form with information on the first well on the
list or an empty form for a new data base.

If you are creating a new data base with observa-
tion/monitoring wells, the left window will be empty,
and the number of wells will be zero. This is the case as

10-2
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10.2.2. Entry Form

10.3.

DATA

10.3.1. Options on the

Data Menu

10-3

shown in Figure 10-1. Figure 10-2 displays a case with
many wells already in the data base

. 1Mlmgraph K\gvﬂ\:rn gwf

Descnpton

T e L T

- SpeiorLoverGane Ak Dark

'\, Eastng Northing

665000.00 958000.00 B3.31

Grounc SF Elev, E:

b
o Aquifer

Meas Pourt Elev
83,37

Figure 10-2

In the Entry Form as 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 coordinates and elevations in this entry form and.

not in the entry form of the
Master data application. It is
up to you to decide which ap-
plication to use for information

W, Levels Display |
Sclect Working Sct

that is "exchanged” between

Delete Record Ctrt-D

applications.

Select Entry Ferm

Genrral Data Units
YYorking Time Interval

Standard ASCII Jnput
Standard ASCII Qutput

Print Setup

The Data menu is shown in Fig-

Exit Al-F4

ure 10-3. The following options
are available:

Figure 10-3
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10.3.2. Select Working

10.3.3. Delete Record

10.3.4. Select Entry

Set

Form

i

4

10-4

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 wells to a smaller set of wells which may be se-
lected for whlchever reason.

To delete a record you will do the following:

1. Move the cursor to the well you wish to delete.
2. Select Data on the application’s menu bar.

3. Select Delete Record, or hold down the CTRL key and
press D key.

4. A warning will be displayed giving you a chance to
reconsider.

You may use the default form as displayed in Figure 10-
1, or any form that you may have created following the
steps explained in Chapter 3. To change the form:

1. 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 Standerd
dialogue box as
shown in Figure
10-4.

4. Click on OK.

In the Hydrographs
application it may
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
select a working set or to 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 level measurement.

Select an Entry Form

Carreat Setings Seledt

10.3.5. General Data When activated, the Fm—
Units option General ||l -

7] mm

Data Units displays ] o

a dialogue box such
as shown in Figure Inch
10-5. In the GWW
data base template,
which is used in the
example shown in
. Figure 10-5, the only

Figure 10-5

10-5
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space-distributed numerical parameters are coordinates
and ground surface and measuring point elevations.

10.3.6. Working Time The option Working Time Interval permits you to re-
Interval duce a long period of observations to a shorter time
span. This is important in editing data, in displaying hy-
drographs with more detail in a shorter period, and in
reporting data for the period of interest. For example, if
you are going to use the data base for making a mathe-
matical model of an area, your interest may be in a cer-
tain period of time in which you wish to calibrate 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:

1. 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.

Year Moenth 11 I Day ll |

Hour II] I Milllll I ‘

Figure 10-6

2. When the dialogue box titled “Working Time Interval
End’ opens type 1988 for the year, 12 for the month,

10-6
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and 31 for the day. Press twice TAB. The display
should look as shown in Figure 10-7.

Figure 10-7

3. Click on OK to close this dialogue. The whole data set
is now reduced to the selected time interval.

10.3.7. Standard ASCII You may save the whole data base, all the wells, in one
Input ASCII data file. In the version 1.0, the input format was
made compatible with output format of the UN/GW
software. In the version 1.1, that "compatibility” was
abandoned in favour of a more "friendly” format.

The ASCII input format is explained in Appendix D.
However, if you are in doubt what is the proper format,
you should create one example and save it using the op-
tion Standard ASCII

Output. Once saved the [EjiEayrmweR—mm

file can be examined
and the format noted.
When the option Stand-
ard ASCII Input is in-
voked, the dialogue box
will open as shown in
Figure 10-8. The pro-
gram assumes the

10-7
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10.3.8. Standard ASCII
Output

10.3.9. Print Setup

10.4. WATER
LEVELS

10.4.1. Edit Water
Level Data

10-8

standard extension for such files .hyd, but you may over-
ride this and type any wildcard combination in the file-
name field.

This option is used to save the data base containing
water level 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
standard extension for sich files .hyd, but you may over-
ride this and type any wildcard combination in the file-
name field. The extensions are for your convenience.

i Water | vt Biandard ASGIE Gampal

Filename: |guarico.byd

Directory: CAGWD
Files:

Figure 10-9

The Print Setup option is explained in Chapter 5, Section
54.

Edit Water Level 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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yd Q!
Data ﬂ.-,l:evcls Display Report Make Random Load Map Ini
Edit W. Level Bata  Cul-E g
Depth Data YL PR S L
ey Level Data Hﬂﬂﬁ;‘; hkcmm: "Qﬂlﬂ:ﬁ{ﬂ;}?‘i
p54p| DepthiLevel Units 3 T
g'g_? Insert Row CtrH 2 12.56
po.2 | Delete Row ctr-D 5 11.42
[ 11.32
:g'_i Save W. Level Data Ctri-S 7 11.28
PO-5 Exit [don't save) CtriEX 8 11.18
SRRG-10 1984 1 9 i1.18
SARG-11 1984 1 10 11.08
YT Y N 194 1 11 1t DK
Figure 10-10

You may delete a row in the editing table by holding
down the CTRL key and simultaneously pressing D. You
may insert a row by holding down the CTRL key and
simultaneously pressing I. You may save the data by
holding down the CTRL key and pressing S. You may
quit or exit without saving the data by holding down the
CTRL key and pressing X.

10.4.2. Selecting Levels
or Depth to
Water Level By clicking on Depth Data on the W.Levels menu you
decide to type in the values of depths to water table from
a measuring point. The editing table in this case may
look as shown in Figure 10-11. Conversely, by selecting

El_Frio
:Dey tMonth | hhimm | Depth
-1 1
1984 1 2
1984 1 4
1984 1 S
1984 1 6
1984 1 7
Figure 10-11

10-9
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10.4.3.

Depth or
Level Units

10.5. DISPLAY

10-10

Level Data you will be prompted to type water levels in
absolute elevations above mean sea level. The editing ta-
ble in this case may look as shown in Figure 10-12.

El_Frio
Veur[oay ot [ B
1984 1 1
1984 1 2
1984 1 4
1984 1 5
1984 1 6
1984 1 7

Figure 10-12

Although you may have selected meters as a basic unit
of length (that is of depth
and/or elevation), you may
override the default by us-
ing the option Depth/Level
Unitson the W.Levels
menu. The display may
look as shown in Figure 10-
13 offering a list with all
possible length units as
read from the GWW.UNT Figure 10-13
file or another file created

by you for your data base.

When you select the Display option on the menu bar, a
portion of the hydrograph for the currently selected well
will be displayed within the specified time interval using
the option Working Time Interval. The hydrograph may
look as shown in Figure 10-14. All points will be con-
nected since the default connecting interval is very large,
365 days.
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10.6. REPORTING

10-11
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Figure 10-14

When you select the Report option from the menu bar
the display looks as
shown in Figure 10-15.

As in other applications, IR Make Random  Loac
if you select printing op- Print Hydrograph
tionsin the upper part of Print General Data Tabie
the submenu the pro- Save Hydrograph Drawing
gram uses standard re- Print Nonstandard Form
porting forms. Select Hydrograph Form

: Select Table Form

The difference between :

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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10.7.MAKE RANDOM

10-12

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 forms and select an al-
ternative form. An example |

is shown in Figure 10-16 for
the hydrograph form. The re-
porting forms created in the Figure 10-16
GWW.000 template, which

are at your disposal without modifications, are Measure-
ments and Standard. The Standard reporting form
places a header with general data on a well on the form,
followed by the hydrograph drawing field filling the rest
of the form. The measurements reporting form uses the
same header, but instead of the drawing field it presents
a table with field measurements for the single well
within the selected time interval.

Measurements
Standard

For each type of reporting, whether for a single test or for
all tested wells, you may create more than one reporting
form. When you create such forms using Report Form
Editor from the Tools menu, you should save them using
Save As ..option, and assign an internal file name. When
the Select Hydrograph Form or Select Table Form op-
tion is invoked, all these forms will be listed for you to
choose from.

Save Hydrograph Drawing is used to save the currently
displayed hydrograph for printing using the Print Non-
standard Form option. As in other applications, you will
be prompted to save the graph under a name, and to de-
cide on the diagram size.

This routine is explained in more detail 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 some that may have no meaning
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10.8. LOAD MAP

10.9. INTERPOLATION

10.9.1, Connection

Interval

10-13

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 level
data base, or wells which have a more or less continuous
water level measurement record.

This option is explained in detail in Chapter 5, subsec-
tion 5.3.2. It is used to select a 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- 2% &

polation option is shown in '3‘ ”““"“"“Pa“
Figure 10-17. cpthiLevel  Date

Figure 10-17

When you select Set Connection Span the display will
prompt you to replace the default, which is 366.00
(days), with an-
other interval. The
display is as shown
in Figure 10-18. For
example, selecting
31 days, which im-
plies that only
neighboring points
observed in less Figure 10-18
than 31 day inter-

vals, will be con-

Ty R s '
bavgriad [ancel ] §
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10.9.2. Interpolation
Date

nected with a solid line. If the sp'an between two neigh-
boring points is greater than 31 days, they will be dis-
played as scattered points, as shown in Figure 10-19.

10-14
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Figure 10-19

Using this option
you can create a
data set ready for
contouring at a cer-
tain date. You are
prompted for the
date as shown in
Figure 10-20. The
option incorpo-
rates the make ran-
dom option from

Figure 10-20

other applications and set a specific date for which you
wish to create the contour map. Depending on your type
of data, depth to water or water levels in absolute eleva-
tions, you will be prompted for ‘Save Random Model of
Water Depth’ as shown in Figure 10-21 or "Save Random
Model of Water Level’.
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10.10. HELP

10.11. EXAMPLE

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

|'p'LaterDepth

CHGrafs E 5
CHsmf .::!.’
Chemistry one
ChemistryPPM w
EntryForm.Chemistry.Standard].: |
EntryForm_GrainSizeCurve. Stafi::
EntryForm.Hydrographs.Stand pd
EntryForm.Lithology.Standard [
EntryForm.MasterData.Standar.%
EntryF orm.PumpTests. PartialP] &

10-15

and labeling the
random models to
be created with
different names.
Examples could be Level July_84, Depth_Sep_87, etc.
You should follow the convention that internal fie names
may be long but continuous. You may use points or un-
derscores to separate parts. of the file name that have

Figure 10-21

_meaning to you.

This is context-sensitive on-line help which guides you
through various options and procedures.

EXAMPLE SIX

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
maximum connection interval to 30 days.

The well’s general data are the following:

® Well name: SRRG-12

® Description: Observation well in Irrigation System of
Rio Guarico.

e (Coordinates: X=629000, Y=942000
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e (Ground Surface Elevation: Z=85.50 m
® Measuring Point Elevation: 86.20 m
® Measurements:

Time Depth to water
1/1/91125
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
10/14/91 126
11/11/91 123
12/06/91 121
12/28/91 11.8

The procedure is as follows.

1. Select Applications on the main menu bar of the
GWW package.

2. Select Hydrographs. The display is as shown in Fig-
% ure 10-1.

10-16
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W

N

9.

10.

11.

12.

13.

. Type in Well Ident field ‘SRRG-22'. Press TAB.

Type in Description field ‘Observation well in Irriga-
tion System of Rio Guarico’. Press TAB.

Type 629000 in the Easting field, press TAB. Type
942000 in the Northing field. Press TAB.

Type 85.50 in the Ground Surface Elevation field.
Press TAB.

Type Quaternary in the Aquifer field. Press TAB. Type
86.20 in the Measuring Point Elevation field.

. Press PgDown twice. The cursor is on SRRG-12 in the
list of wells.

Select W.Levels.

Select Edit W.Level Data. Check that the last column
is labeled as Depth [m].

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.

The program repeats the last year and month. Accept
the year as 1991; press TAB to move to the day col-
umn. Type 20, press TAB; press TAB again to confirm
the month as January; press TAB again to move to the
depth column.

Tvoe 13.1 and SRRG-12
S Sl 77 TR T ]

. 1991 1 1 5[

1991 20 1 13.1

Keep typing until [1991] 19 F] 13.6 |
the last line: 1991 in iggi ;g i ij: :
the Year column, 28 [39917 1% 3 7]
in the Day column, i::i i;_ 5 14 3]

. 13.9 ¢}
12 in the m_onth TCTER BT 5 EPEN |
column, 11.8 in the [1951 ] 16 3 12 9]
depth column. The TR Y - 12
dlsplay Shou}:d 1991 b 12 12:1
look as shown in (1351 28 12 11.8 :
Figure 10-22. ;

Figure 10-22
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14.

15.

16.

Hold down the CTRL key and press S to save the
data.

Select Interpolation, select Connection Span. Type
30 and select OK.

Select Display. The display should ook as shown in
Figure 10-23. If the display shows only a coordinate
system, or a frame of a graph but without points and

17.
18.

19.

20.

** SRAG-22
TP‘J Laved r|
Jres
12l /
/'/
s
13—\‘\ 1
5 4
\ 4]
"~\ -3
irs e
L |
\\
V| s
I B e I A T T - L -
:m

Figure 10-23

lines, you should check which working time interval
is currently selected. (Go to Data, and select Working
Time Interval.)

Select Close.

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).

Save the random model under the file name
Depth_15_Dec_91.

Select W.Levels. Select Edit W.Level Data. Notice
that the last column is labeled as depth [m]. Select
W.Levels again. Select Level Data to replace depth
with level. Notice that the last column is labeled as
Level [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). Select OK.

23. Save the random model of water levels on 1 June 1991
under the name Level_1_June_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 ime (normally between one and 24
hours) and the drawdown is recorded at the end of the
pumping step. The pumping rate is then changed, nor-
mally increased, and the well is pumped for the same
period of time. The water level is then measured and the
drawdown calculated. The same procedure 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:

1. Create a data base containing information about step
.drawdown test results and efficiency of drilled wells.

2. Display and print step drawdown test results show-
ing two components of the total drawdown: aquifer
loss and well loss.
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3. Project the step drawdown pumping test results be-
yond the final step. This is used to forecast the draw-
down and/ or efficiency if the well will be pumped at
a rate about 20% higher than in the test.

11.2. MAIN MENU
BAR
11.2.1. Components of
the Step
Drawdown Test As shown in Figure 11-1, the major options on the appli-
Application cation’s menu bar are the following:

i Siep Draadon Test [ehuieott
Data [Edit- Fit Digplay Repart Make Bandom Load Map Help

Well Ident Well Ident Description
I l

A B : p

Figure 11-1

Data

Edit

Fit

Display
Report

Make Random
Load Map
Help _

® & & & & & o &

Each of these options, except options Make Random and
Load Map, is explained in detail in this Chapter. Make
Random is discussed in Chapter 5, Section 5.6; Load
Map is discussed in Chapter 5, Section 5.3.2.

11-2
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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.

11.2.2.Entry Form In the Entry Form as shown in Figure 11-1 you 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
pumping rate equation (see 11.5).

11.3. DATA

11.3.1. Options onthe The Data menu is shown in Figure 11-2. The following
Data Menu options are available:

® Select Working Set.

e Delete Record. ;
¢ Select Entry Form. DIEN Edit Eit Display |
¢ General Data Units. Select Working Set
e Print Set'up-. \ Delete Record Cu-D
o FExit. . Select Entry Form

General Dats Units

Print Setup

Exit ANF4

Figure 11-2

11-3
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11.3.2. Select Working

11.3.3. Delete Record

11.3.4." Select Entry

11.3.5. General Data

" Set

Form

Units

11-4

You use the Select Working Set option in the same man-
ner as in any other apphcat‘zon 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.

To delete a record you will do the following:

1. With the mouse cursor, select the well you wish to
delete.

2. Select Data on the application’s menu bar.

3. Select Delete Record, or hold down the CTRL key and
press D key.

4. A warning will be displayed giving you a chance to
reconsider.

You may use the default 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:

1. Select Data on the application’/ s menu bar.
2. Click on Select Entry Form:-

3. Select the form name from the list displayed in the
dialogue box.

4. Click on OK.

In the step drawdown test application you may think of
typing and storing additional information such as
pumping equipment, date of test, use of well, mainte-
nance information, etc., if you have not entered this into
the Master data entry form. -

When activated, the option General Data Units displays
a dialogue box such as shown in Figure 10-5. In the
GWW data base template, which is used in the example
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11.3.6. Print Setup

11.4.

EDIT DATA MENU

11.4.1. Edit Data

Submenu

shown in Figure 10-5, the only space-distributed numeri-
cal parameters are coordinates and ground surface and
measuring point elevations. This information is taken
from the Master Data application.

The Print Setﬁp option is explained in Chapter 5, Section
54.

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 already in the GWW
system.

Data Edit Fit Display Recport Make Random Load Map

Well Ident Well Ident -
.d I Descnption
PT-1

A B

11-5 .

Figure 11-3

Tedd's book, pa
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11.4.2. Measurements
Units

11.4.3. Entering Data

11-6

Only when vou 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:

1. Select Edit.

2. Select Measurements Units. The display is as shown
in Figure 11-4. '

we EditData Cul-E
Descnption
m Insert How Ctri

Delete Row Ctri-D
Save Measurements  Ctrl-5 B
Exit [don't save] cutx (200 0.C00coo0St

Measurements Units  Cul-S  Drawdown
' Pumping Rate

Figure 11-4

3. Select Drawdown. The dialogue box lists all units for
length that are contained in the GWW.UNT file or
that have been created by you for this particular data
base.

4. Click on feet and select OK.

When you select Edit Data a fwo-column table will be
displayed with the cursor 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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11.5.

" (drawdown 6 In; pumping

FITTING

11-7

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, 1f you have tested the
well at rates 1000, 2000 and 3000 m®/ day, 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,
190, 2.4. The reason is that the specific capacity 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 specific capacities
are 1000, 952, 882 m>/ day/m; whﬂe in the second case
the sequence is 1000, 1053, 1250 m®/ day/m. In the sec-
ond case when you select one of fitting methods, the pro-
gram will display an error message "Unable to fit. Check
your data.”

You must not press TAB at the end of data entry. If the
fifth step as shown in Figure 11-5 was the final test step

rate 5000 m°/day), the il

cursor must remain after i} Pumping Rate:
the number 5000. You will ;ggg
save data by either select- 3000
ing Edit and clicking on 2000

Save measurements or by
holding down the CTRL
key and pressing S. Figure 11-5

5080

" If youdo press TAB at the end of data entry and the new

line is opened, you must delete this line by holding the
CTRL key and pressing D. After that you 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 s, (aquifer loss) due to laminar flow of water
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through the aquifer toward the well and sw (well loss)
due to the turbulent flow of water through the screen or
well face and inside the casing to the pump intake. Other
components, such as additional drawdown due to the
partial penetration of an aquifer, or the drawdown due
to barrier boundaries of the aquifer or the build-up due
to recharge boundaries of the aquifer, are normally con-
tained within the aquifer loss.

According to Jacob (“Radial Flow in a Leaky Artesian Aqui-

fer,” Trans.Am.Geophys.Union, vol.27,no.2, 1946), well
loss may be represented approximately by the following
equation:

Sw = BQZ
where

sw = well loss, [L]
B = well-loss constant, [TZ/ L5]
Q = discharge, [L>/T].

Agquifer loss, sa, is linearly proportional to the pumping
rate, i.e.

sa=AQ

Thus, the equation of total loss during pumping may be
wriften as

s = AQ + BQ?
The coefficient A has dimensions of TL™2.

The second theory, presented by, among others Rora-
baugh (“Graphical and theoretical analysis of step-drawdoun
test of artesian well,” Proc.Am.Soc.Civ.Eng. 79, separate
no.362, 23 pp, 1953) and Karanjac ("Well Losses due to Re-
duced Permeability around Well Screen,” Ground Water,
vol.10, 1972) demonstrate that the well loss is not neces-
sarily proportional to the second power of pumping rate.
In other words, well losses may be significant although
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11.6.

DISPLAY

11-9

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

Dl_play Repurt Make Flandom Load Ma
Quadratic {s = a*Q +b*Q"2) :

__General {s = 2™Q +b™Q"p] |

Data Edit Bal

‘ Description

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 lodk 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 well loss. 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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Drawdown |m|
/
i

.

1 \
Orswdicwn 1 24 b L = L} 15
Fumping Ra o |2 | I | oo | uo | e
Apiter Lows s 13 I B ] [+ [ 4]
woil Loss b = s os 1= 1B

Figure 11-7

The table under the graph reports the measured data
(well drawdowns and pumping rates) and each draw-
down component from the fit: aquifer loss and well loss.
The last line reports well efficiency for each pumping
step and for a hypothetic step which assumes 20% higher
pumping than the last rate.

The average well efficiency taken as an arithmetic aver-
age for all pumping 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.

RHepo Makeﬂandom Loe

11.7. REPORTING

Select Form
When you select the Report option ] SaveDiagram
from the menu bar, the display looks Print Nonstandard Report
as shown in Figure 11-8. As in other Figure 11-8

applications, you may use the stand-

11-10
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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- L
logue box will open suggest- Sanderd =
ing the names of all available &=

[ow

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- ~ Figure 11-9
lect.

Save Diagram is used to save the currently displayed

step-drawdown graph for printing using the Print Non-
standard Report option.

11.8.
MAKE RANDOM

Thisroutine is explained in more detail 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 some that may have no mean-

ing for contouring (e.g. eleva- Randam Mdl. Variable
tion of the measuring point). [& ~

In this application, the list of B

numeric parameters that Effciency

may be contoured may look [

as shown in Figure 11-10, al- |z

though it is questionable [M

whether most of these will

have a meaning. The two pa- Figure 11-10
rameters that may be used

are Z (land surface elevation), which should be used for
creating a location map with only wells tested with step-
drawdown tests, and Efficiency, to show different well
efficiencies. You may also add a parameter such as spe-
cific capacity of wells to your reporting form, by manu-

11-11
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11.9. LOAD MAP .

11.10. HELP

11.11. EXAMPLE

ally entering the value obtained from the test and by con-
touring or displaving this parameter.

This option is explained in detail in Chapter 5, subsec-
tion 5.3.2. It is used to select a working set, or individual
wells to work with, directly from a map.

This is context-sensitive on-line help which guides you
through various options and procedures.

EXAMPLE SEVEN

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:

Q 000 000 4000
(msggav) 1 2

Draw- |56 1074  |29.48
dowr (m)

The analysis may proceed as follows.

1. 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.
Press TAB.

- 5. Press PgDown twice. The cursor should be on SDT-1

in the list of wells.

6. Select Edit followed by Edit Data. Check the units for
drawdown and pumpjng rate. If units are not meter
for drawdown and m”/day for pumping rate select
Edit again and then Measurements Units. Select the
one you wish to change (drawdown or pumping
rate}, make the change, and select OK to return. Then
select Edit Data again to open the table.

7. Type 4.56 for first drawdown, press TAB; type 1000 for
first pumping rate; press TAB.

8. Type 10.74 for second drawdown, press TAB; type
2000 for second pumping rate; press TAB.

9. Type 29.48 for third drawdown, press TAB; type 3000
for first pumping rate. Do not press TAB. The display
isas shown in Figure 11-11. Hold down the CTRL key
and press S to save the data.

SDT-1
‘Drawdown [m}i Pumping Hate fm3jday]®
4.56 \ 1000
10.74 2000
29 48 3000]

Figure 11-11

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=98x107
p=200



CHAPTER 11 STEP DRAWDOWN TEST

Efficiency (average) = 57%.

11. Select Display. The display will look as shown in Fig-
ure 11-12.

- SDT-1
Punprg Fimin [mkter]
2] o o on ]
—
\\

’
/

)

Drewdown [m]
L] ]

[P

i
i

HEE
4.1
i[H|E
G
i

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=0004
B = 6.8x10®
p=231

Efficiency (average) = 66%.

You may compare efficiencies and aquifer loss coeffi-
cient A, but you cannot compare the well loss coeffi-
cients B since they have different dimensions.

14. Select Display. The display will look as shown in Fig-
ure 11-13.
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Exit the application by selecting Data, and Exit.

= SDT-1
Pampmng Ram mdday]
"Cl o o an an
s \
mn §
\ L ]
* e
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% \
3 =
&
X
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(-]
Crowdown 155 [ FX3 [T 3
Pumping Rats [ 1] a1 am am
Aquifer Loza LR 8413 E MG W25
Wsll Loas 13- 21644 BEIE B4
Eff ciancy (#6) 8139 146 Hi4 £
e —
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CHAPTER TWELVE - GRAIN SIZE CURVE

12.1.

INTRODUCTION
12.1.1. General Thisapplication is a utility for creating and storing infor-
' mation on grain sizes of drilled samples in the data base.
With this application you may create a data base, display
grain size distribution curves and print one or more

curves.
12.2. MAIN MENU
BAR

12.2.1. Components of
the Grain Size
Curve
Application As shown in Figure 12-1, the major options on the appli-
cation’s menu bar are the following:

e Data

o Edit Data Edit Digplay Report Load Map Help
e Display Well ident

[ ]

‘REPOH Well idert Descr
¢ Load Map GSC-1 Expl
¢ Help

Figure 12-1

12-1
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12.2,2. Entry Form

12.3. DATA

12.3.1. Options on the

Data Menu

12-2

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.

e List of wells on the left currently comprising the
working set, with two numbers at the top Teferring 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 or an empty form for a new data base.

If you are creating a new data base with production or
exploration wells, the left window will be empty, and the
number of wells will be zero. This is the case as shown in
Figure 12-1.

In the Entry Form as shown in Figure 12-1 you may input
data into two fields: Well Ident and Description.

The Data menu is shown in Figure 12-2. The following
options are available:

® Select Working Set.
¢ Delete Record.
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12.3.2. Select Working

12.3.3. Delete Record

12.3.4. Select Entry

Set

Form

12-3

® Select Entry Form. o
3 Edit Display Report Loa
¢ General Data Units. : orking
¢ Print Setup_ Delete Record Cul-p
e FExit. Select Entry Ferm It lIdent
General Data Units E
Print Setup
Exit AlrFa

Figure 12-2

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. Its 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:

1. 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. Awarning.will be displayed giving you a chance to
reconsider.

You may use the default form as displayed in Figure 12- -
1, or any form that you may have created following the
steps explained in Chapter 3. To change the form:

1. 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.
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12.3.5. General Data

Units

12.3.6. Print Setup

12.4.

EDIT DATA MENU

12.4.1. Edit Data

Submenu

12-4

4. Click on OK.

In the grain size curve application you may think of typ-
ing and storing additional information such as uniform-
ity coefficient, d1¢, d20, deo, 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 s explainéd in Chapter 5, Section
54.

Before you can create a data set or edit data you must
type in the well identification number (Well Ident), and
eventually its description. If this is already 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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12.4.2. Number of

Data Sets

12-5

Disptay Report Load Map Help
Edit Data

Insert Row CtrH

Delete Row Ctrl-D

Nt )
Save Data CtriS I Description
Exit [don't save] Ctri-X

Add New Set
Delete Set

Std ASCII Input
Std ASCII Qutput

I
Figure 12-3

When you are using this application to create 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 each well is 5, but you 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 Number of data scts
will be as shown in
Figure 12-4, l ]
prompting you to
type the number of
data sets. For the ex-
ample that follows
the number of data
sets is three.
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12.4.3. Data Entry

Table

12-6

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 diameters in millimeters, the
other three for data sets. The prompt will be on the first
line, waiting for you to identify this set. In the example,
the three sets are representative for drilled intervals of
depth: 12-15 m, 22-26 m, and 32-34 m. You may type any
identification in these fields. Use TAB to move from one
field to another, or Shift+TAB to return to previous
fields.

In the Diam. (mm) column, type grain diameters in mil-
limeters, starting with the smallest and gradually cover-
ing the whole grain size distribution curve. You must
follow the order from the smallest to the largest size. In
the remaining columns, type the cumulative percentage
of the sample by weight passing through the sieve of the
corresponding grain diameter.

When you finish the input, do not use TAB but hold
down the CTRL key and simultaneously press S to save

GSC-1

S E

5 1 12 i

9 4 16 2
14 7 z1
16 12 23
21 19 29
24 20 31
a1 27 44
IT] 32 54
55 42 64
66 49 75
a5 86 a9
100 92 100

100
£
54 4
Figure 12-5

the data. The table may look as shown in Figure 12-5.
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12.5.

‘DISPLAY

12.6.

REPORTING

12-7

= GSCa

—_— 1t5m RO <% Y. Y
——— TIBm
m

% Pazsng
B

Figure 12-6

When you select the Display option on the menu bar, the
screen may look as shown in Figure 12-6. The majority of
the screen shows the grain size distribution curve. The
lower portion shows one of the widely used grain size
classifications identifying the limits of various fractions:

silt and clay, sand, and gravel.

When you select the Report op-
tion from the menu bar the dis-
play looks as shown is Figure
12-7. As in other applications, you

R Make Random Lo

Select Form

Save Diagram

Print Nonstandard Report
Figure 12-7
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12.7. LOAD MAP

12.8. HELP

12.9. ADDING OR
DELETING
SAMPLES

12-8

may use the standard reporting form (option Print) or
vou may select another reporting form (Select Form). In
the latter case, a dialogue box will open suggesting the
names of all available reporting forms. In addition to the
curve and classification, the standard reporting form
contains a header identifying the well and a table similar
to the one displayed in Figure 12-5.

You may create another reporting form to which you
may add a location map showing the location of the re-
ported well or of any other well from which grain size
distribution 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 3, subsec-
tion 5.3.2. It is used to select a working set, or individual
wells to work with, directly from a map.

This is context-sensitive on-line help which gmdes you
through various options and pro- o
cedures.

On the Edit menu you will notice ||3z-34m
two options: Add New Set and-
Delete Set. When you decide to
add a new set, a new column will —
be opened for another set of data. I 10K 5 [*eaieety
The Delete Set option prompts Figure 12-8
you to define which sample you

wish to delete. The screen may display something like
what is shown in Figure 12-8.
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12.10. EXAMPLE EXAMPLE EIGHT

In this example you will create one grain size distribu-
tion curve with the following information from the siev-
w ing analysis:

Diameter (mm Percentage (%

0.001 3
0.005 6
0.01 10
0.05 18
01 22
0.5 33
1 45
2 59
- 5 75
10 88
20 100

The procedure is the following:

Select Applications from the main menu bar.
Select Grain Size Curve.
Type in the Well Ident field Test-1 and press TAB.

Type Landfill Monitoring Well in the description
field.

5. Press PageDown twice. You will be back on the well
identified as Test-1.

%&" _ 6. Select Edit on the menu bar and confirm Edit Data.

Lol A S o

7. Answer with the number 1 the prompt ‘Number of
data sets’ and chck on OK.

12-9
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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. (tnm) and press TAB. Type 3 under the column
14.5-16.5 ft. Press TAB.

10. Repeat input

- with the second
pair of data
0.005 and 6.

11. When you finish
the input, after
the last number,
thatis 100, do not
press TAB but
use the combina-
tion CTRL S.
This saves the
data. The screen
should display
the table as
shown in Figure

129, Figure 12-9 )
12. Display the curve

by selecting Display. the curve should look as shown
in Figure 12-10.

13. Select Close to remove the curve from the display,
and Data, followed by Exit to return to the main
menu.

This ends example eight.

12-10
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wx Test-1
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Figure 12-10
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CHAPTER THIRTEEN

MISCELLANEOUS APPLICATIONS

13.1.
INTRODUCTION

13.1.1. General In this application you will find several utilities which
: do not create a data base and cannot be displayed or
printed, but which are used to calculate well functions,
hydraulic conductivities from grain size analysis, and

help in designing a production well.

13.2.

APPLICATION’S
CONTENT

As shown in Figure 13-1, the utilities comprising this ap-
plication are the following:

Figure 13-1
¢ Well Functions
® Grain Size Analysis
e Well Construction Calculations

13.3. WELL
FUNCTIONS

Well functions are the functions frequently used in
ground water hydraulics. As shown in Figure 13-2, there
are two functions:

13-1
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13.3.1. Non-Leaky Well

Function

13-2

2 Miscella ENgw
RN T EE Grain Size Analysis ‘Well Constr. Calculatior

Non-Leaky Wi{u)
Leaky W(u,r/b)

| Exit ARFa |
Figure 13-2
e Non-leaky, or W(u)
¢ Leaky, or W(u,r/B)

You will notice that you may either type the arguments
of the functions to obtain the values of functions, or you
may type all components that make the argument and
compute the drawdown at a point in space and time as a
result of pumping.

You 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 leading to the nonequilibrium equation, or
Theis theory, is well documented in every ground water
textbook, and will not be repeated here. The well func-
tion is tabulated as a function of the argument u, which
lumps together the two most important aquifer parame-
ters (transmissivity and storage coefficient), the distance
from the pumping well 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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13-3

u= rzs /4Tt

where, 1 is the distance from the pumped well to the ob-
servation point, or to point at which drawdown is being
calculated; S is the storage coefficient; T is the coefficient
of transmissivity; and tis 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 each
of input parameters you may assign various units,
whether consistent or not. You may use this dialogue box
as a calculator, replacing one or more parameters and
quickly obtaining the drawdowns.

e L Welt Funcﬁt-m':'_ .
I nput Dats R
' Distanee from Pumped Well 11090 feet
Aquiter Transmissivity 25000 gpd/it
Aquifer Si‘nngl: Coef. |.0DV
Time of Pumping }30 day _
Pumping Rate [300 lgpm ]2},

SRR Output Gtz

ot v m

u {0.00002587811

wiu) 979gagz3

KAlls

As an 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.

1. Select Well Functions.
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13.3.2. Leaky Well -

Function

13-4

[\

. Select Non-Leaky W(u).

. Type 100 for distance, change to feet if another unitis
displayed (click on down arrow box, select feet, click
on OK). Press TAB.

[6}]

4. Type 25000 for transmissivity, change units to gpd /1.
Press TAB.

. Type 0.001, and press TAB.

6. Type 30, press TAB, confirm days as units of time,
press TAB. Notice that at this moment the values of
function’s argument u and the function itself are dis-

" played in the Output Data fields.

7. Type 300 for pumping rate, press TAB, check that
units are in gpd, and press TAB. The screen should
look as shown in Figure 13-3. The result is the follow-
ing:

w

¢ Function’s argument = 0.00002587811
e Well Function = 9.984923
e Drawdown = 1.426 feet

This routine calculates the well function for a leaky arte-
sian aquifer with fully penetrating wells without water
released from storage in the aquitard and under con-
stant-discharge conditions. Although the values of
W(u,r/B), in terms of the practical range of u and r/B,
are given by Hantush and many other authors in tabular
form, this portion of the program calculates 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:
,T,5tQ mP
WhEI'e:

r = distance from pumped well

T = transmissivity of main aquifer
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S = storage coefficient of main aquifer

§| | t = duration of pumping
- m = thickness of semiconfining layer

- P = vertical permeability of semiconfining léyer.

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.

EXAMPLE TEN

As an example, the following parameters are input:

T =10 feet
T =25000 gpd/ ft

_ Wil Eunction, BN o4 N |
S =10.001 EREERENS (5putDste  SNERSERSMISAREN |
t= 30 days Distance frem Pumped Well |10 feet "
Aquiter Transmissivity | 25000 gpdsm é
— Aguiter Storage Coef. [0
Q 300 gpm 'I‘heu!:umping 30
m =10 feet Pumping Rate |300
Thickness of Semicanfining leyer |10
. P=1000 gpd/ftz | Hydmutic Conductivity of Layee|1000

The program-cal- o {0.000000258781 }5:

culated values are p {15.52252

- WLRB]; 144507 i
the following (see o R

Figure 13-4}). . 34

13-5
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u = 0.000000258781

B =15.52252 feet

W(u,r/B) = 1.445307
% Drawdown = 2.061 feet

13.4. GRAIN SIZE
ANALYSIS

This is a utility program for calculating permeability val-
ues (hydraulic conductivities) from grain-size analysis
(grain-size distribution curves). The permeabilities can

Help

Slichter
Kozeny
Terzaghi- Smooth Sand Grains
Terzaghi - Anguiar Sand Grains
Zamarin

Figure 13-5

be calculated using one of seven available empirical for-
mulas as shown in Figure 13-5. Each calculation requires
some or all of the following input parameters:

1. Effective grain diameter (d10 or d2o), or the total
grain-size distribution.

2. Temperature of water in aquifer formation (due to vis-
cosity dependance on temperature).

3. Empirical coefficient which distinguishes between
smooth and clean sand on one side and angular and
clayey sand on the other side.

13-6
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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 which forma-
tion samples are usually collected.

The Hazen formula applies to sands and gravels with
effective grain diameter between 0.1 and 3.0 mm and

~ uniformity coefficient deo/d10 less than 5. To select the

empirical coefficient which considers grain uniformity,
sorting, and cleanness, please note that typical values are
as follows:

04 - 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.

BN InputDate ISR

D10 [mm] }.5
Empiric Cocff;.8
VWater Temperature ['C] {20

ISR OutputK R
| ¢.3716000 I By

Figure 13-6

The U.S. Bureau of Reclamation formula (due to Creager,

Justin, and Hinds) requires the d2g as the effective grain

diameter (in mm), without any corrections (for tempera-
ture, or an empirical 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 coefficient deo/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 djp 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 (d1p) in
mm, and the formation water temperature.

The Terzaghi formula, which applies mostly to coarse-
grained sand and gravel, needs the input values of dio,
porosity as a fraction of one, and temperature. There is
also a correction coefficient which takes into account two
categories of sand grains: smooth and angular.

Terzaghi's Formula [Smooth)

There are sev- pusssmmmm nprtDats  EE————
eI:al error trap- D16 jmm] [ 5
ping routines Total Porosityl 40

Wth.h warn Water Temperature [‘C]I
you if a pa- '

rameter is be- NN OvpuiK I
yond the | [fomis __ [#]
acceptable '
range. One
such message
is displayed in
Figure 13-7 for
the Terzaghi
(smooth) for-
mula.

Figure 13-7

The Zamarin formula requires the input of the whole
grain-size curve. Each 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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13.5.

WELL

CONSTRUCTION

13-9

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.

e T e Formala
MRS input Data

Fraction of Sample

<0.01 |.05 0.50- 1.00
0.01 - 8,05 ] 1.00 - 2.00
0.05-0.10 2.00- 3.00
0.10-D.15 3.06- 5.00
F:gure 13-8 0.15-0.2% 5.00-7.00
0.25 - 0.50 7.00-10.00
Porosity

Vater Temperature {*C]
IR Output K

| RETINY

This portion of the program may help you select proper
casing diameter and proper screen length and to evalu-
ate whether the screen entrance velocity is above a criti-
cal velocity. The routine is written in such a way that you
must assign all but one parameter, and the program will
calculate the missing parameter.

The entries in this routine are:

¢ Screen diameter
® % of open screen area

® Pumping rate
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¢ Maximum entrance velocity
® Length of screen

The dialogue box for this routine is as shown in Figure
13-9. You will notice the hint: Type ? in field to be computed.
After you enter all other values, the program will replace

ell Constiuction Parameters

Screen Diameter Iim:h I_;g
% of Open Area of Screen
Pumping Rate gpm *
Max. Entrance Velocity fs i
Length of Screen inch ¥

" HINT: Type ?.n field to be computed

13-10

Figure 13-9

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 Caging 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 the 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 anticipated 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 velocities into the well. The screen
length as calculated in this program is based in part on
the effective open area of a screen and an optimum (criti-
cal) screen entrance velocity. If the length of a screen is
less than recommended, implying higher entrance ve-
locities than the maximum permitted, there will be a pos-
sibility of screen openings being clogged by the
migration of finer particles from the aquifer toward the

.screen. This process and the critical screen entrance ve-

locity depend largely on the type of aquifer material,
which is reflected in aquifer permeability. Thus, the in-
put to the program consists of two components: (a) open
screen area, (b) selected critical (maximum) entrance ve-
locity. :

WWLE ELEVEN

Figure 13-10 displays an example in which the screen di-
ameter is calculated when the screen length and the per-

o e

Screen Diameter |? |ind: L%j
% of Open Arca of Screen |17
. Pumping Rate |300 gpm -
Max. Entrance Velocity |.1| ftis ¥
Length of Screen [20 feet b3

et

HINT: Type 7 in field to be computed

Figure 13-10

centage of screen open area are known, maximum en-
trance velocity is assigned, and the well is to be pumped
at a certain design rate.
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The example is as follows:

A screen 20-ft long, with 17% open area, is to be used for
pumping from a well at 300 gpm pumping rate. What is
the minimum permissible screen diameter which will
guarantee that the critical entrance velocity of 0.1 ft/sec
will not be surpassed?

You should start by placing a question mark in the first
field (screen diameter). Type 17 for the percentage of
open screen area, 300 gpm for the pumping rate, 0.1 ft/s
for the maximum entrance velocity, and 20 feet for length
of the screen.

The program returns the value of 2.8 inches for screen
diameter.

Continuing with this example we will use metric units
for a similar case: the open screen area is 17%, the Screen
length 10 m, the well is to be pumped at 1000 m 3/ day
and the maximum permitted entrance velocitv is3an/s.
Find the well screen diameter which will keep the en-
trance velocity less than the maximum permitted. Find
also the recommended casing diameter considering that
a vertlcal turbine pump with rated capacity of 1000
m>/ day is designed to be installed in such a well.

Place a question mark in the field Screen Diameter. Type
17 for the % of Open Area of Screen. Type 1000 for the
Pumping Rate, and change the unit to m3/day. Type for
Max. Entrance Velocity 3 and change the unit to cm/s.
Type 10 for the Length of Screen and change the unit to
meters. As shown in Figure 13-11, the program returns
2.8 inches for the minimum recommended screen diame-
ter, and 6 inches for the casing diameter in which a ver-
tical turbine pump will be housed.

This ends example number eleven.
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Ui

Screen Diameter }2.825817 linch  }¥]
% of Open Area of Screen (17.08
Pumping Rate |1000.0000 m3/day
Max. Entrance Velocity |3.000000 omfs
Length of Screen |10.000000 m

I it i

A e AR

g HINT: Type ? in field to be comi:uted

WA 5 ;_\.Az’a:&;&_ 2 ‘;\':’ e 3 ._KA;V;-:'C-‘\:T-:-"}' A

Diameter = 6.00000c0

TR e e
- - =

Priwirerh
e e e e kes R T Ty Ty DO
R R R0 A R R R R LR LA P SRR S48 e

13-13

Figure 13-11
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CHAPTER FOURTEEN

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:

14.1.2. Application’s

Content

14-1

CROSS SECTIONS

Lithology at borehole sites.
Ground surface elevation along the cross section line.

Water level lines (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 Lithology 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.

As shown in Figure 14-1, the Cross Section application is
comprised of the following major options:

® Cross Sections.
e Wells.



CHAPTER 14 CROSS SECTIONS

14.2.

CROSS SECTION

14-2

Cross Section Wells Map Grid Model Options Help

Figure 14-1

® Map. )
e Grid Model.

¢ Options.
e Help.

The Cross Section menu serves to create 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 internal files. Af-
ter you create a section, display it on the screen, and
eventually-print it, you may save the completed section
under its own name. Cross sections then become an in-
tegral part of the Ground Water Information System
(GWIS). You may retrieve cross sections any time you
open your data base, you may print cross sections or add
some content.




CHAPTER 14

CROSS SECTIONS

Depending on
when vou acti-
vate the Cross
Section menu,
some or all of
the following
options will be
available, as
shown in Fig-

New Cross Section

Necw Cross Section Like...
0Old Cross Section

Clear Cross Section

Save Cross Section
Save Cross Section As...

Edit Parameters

Units Coardinate

L Elewvation L

ure 14-2: Make Legend
Write Text to Legend

¢ New Cross Write Scale 1o Legend

Section Print Cross Section
Print Setup

® New Cross Dimension
Section [ gq AILFA
Like

¢ Old Cross Figure 14-2
Section

¢ Clear Cross
Section

e Save Cross Section

® Save Cross Section As ...

e Edit Parameters -

¢ Units

¢ Make Legend

® Write Text to Legend

® Write Scale to Legend

¢ Print Cross Section

¢ Print Setup

¢ Dimension

e Exit.

14-3
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CROSS SECTIONS

"14.2.1. New Cross
Section

14-4

When you select New Cross Section, the dialogue box as
shown in Figure 14-3 will be displayed. It will prompt
you to type in the X and Y coordinates for the starting
and ending points, the interval of depth (Z coordinate)
to be covered by the cross section, to assign a label step
for the vertical axis, and to select a horizontal and verti-
cal scale.

Starting Point fm}

x | v _]
Ending Peint ﬁ =

x ;v ]
2Z Coordinate [m} Label Step
anl_ ] Te | J
Scales

Horizontal I:E Vertical 1: |

o Pt RO
I:?.:::Jrni(z»-‘-% |3 amsf]

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
the margins
refer to the
frame
around the
drawing,
not to page
margins.
Thisisnota
"fit-to-pag

e" drawing,
but rather it
should fit
the report-
ing form that you may have created using the option

BRI rsare

B ':." Deswing Pargruetery UL

Margins [mm)

Lett

Right Above {125 | Botow {125 |

Font

Figure 144
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14.2.2. New Cross
Section Like ...

14.2,.3. Old Cross
Section

14-5

Tools from the main menu bar, followed by Report File
Editor.

The New Cross Sechon 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 amouse.
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 dlsplayed

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 all |} |
named cross sections | [FEcnoeT
saved in previous ses- by
sions.

Select o Crogs Section

You will use this option
when you want 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-

Figure 14-5
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1

="

4.2.4. Clear Cross
Section

14.2.5. Save Cross

Section

14.2.6. Save Cross
Section As ...

14-6

tions, it will be displayed on the screen. The name of the
cross section will be displaved in the title bar on the top.

NOTE. Ahways 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 remains is the coordinate "system”,
that is the X and Y coordinates of the starting and ending
points, scales, and attributes. If you keep working with
this "cleared” cross section and save it under the same
name, that is by 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 vou may
want to save it. You have two options: (1) to save it under
the name that is displayed in the title bar, (2) to save it
under a different name. The option Save Cross Section
saves only under the same name as shown in the title bar.
If this is an untitled cross section, that is a new section,
this option will be dimmed, which means unavailable.

When you work on a new cross section, this will be the
only "saving" option available. You will be prompted to
assign an internal cross section name. 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
same section title will be kept and its content overwrit-
ten, or by using the option Save Cross Section As ..., in
which case you will assign another name to the modified
section without affecting the content of the one with
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14.2.7. Edit Parameters

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 | [ ewba §
of an existing cross section. [aed
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- Figure 14-6
though normally, you will

probably want to change one or both scales, and the ver-
tical interval of the display (Z Coordinate From .. To).

14-7

Starting Paint [m]
X |653800 1 v [937150 |
Ending Point [m]
*® 674300 j v [966625 |
Z Coordimate [m] Labe! Step
From To 120 ] 1o |
Scoles - q
Horizontal 1: [175000 Vertical 1: .
ROk [AhCeeet iy N e 1
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

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

The legend will usu-
ally consist of some
text, scales, lithological
symbols and descrip-
tions, and various in-

Figure 14-8

tersection lines that you may superimpose onto the
drawing. Using this option, you may position the legend
box onto the drawing, assign its X and Y size, and add
some offset to the frame to move it from the drawing’s
frame. To learn more about creating a legend, please read
Section 14.8.

You may write some text to the legend, line by line. Each
time you 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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14.3.

ADDING WELLS TO
A CROSS SECTION

14-9

The numbers, which are in centimeters by default, as
shown in Figure 14-8, include drawing margins. The fol-
lowing is important to keep in mind: cross sections are
printed using either a default reporting form or one
which you created. When you 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 portion of the cross section will not be
printed. What will be printed will start at the lower left
corner 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,

Select Working Set

Wells, is comprised of the Select Working Group
following, as shown in Select W.G. Within Range
Figure 14-9: Add Wells to C.Section
¢ Select Working Set Add Lithology to Legend
Figure 14-9

¢ Select Working Group
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14.3.1. Select Working

Set

14.3.2. Select Working

Group

14.3.3. Select Working

Group Within
Range

14-10

e Select Working Group Within Range
e 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. 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.

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 coordinates,
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 will look something
like what is shown in Figure 14-10.

Once you identify 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



CHAPTER 14 CROSS SECTIONS

14.3.4. Add Wells to

Cross Section
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Unsalected Hems Selected tems

PQ-1
PO-8
PO-4
PO-5
SRRG-10
SRRG-3
SRRG4
SRRG-5
SRRG~7
SRRG-8
SRRG-8

Figure 14-10

that are less than 400 m from the cross section line to be
projected onto the line.

Before you decide to create a working group, it is impor-
tant to check that there are no wells currently making the
group. The method that you use to select wells will su-
perpose new wells onto the list of existing wells in the
group, and you may plot some unwanted wells. Always
display the list of selected wells by returning to the op-
tion Select Working Group. Check the list, as shown in
Figure 14-10, before you apply the next option, Add
Wells to Cross Section.

When you are satisfied that wells on the list as 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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14.3.5. Add Lithology

to Legend

14.4. MAP

14-12

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 coordinates of starting and ending points and pick-
ing up wells manually. This option on the menu bar,
which is highlighted in Figure 14-11, prompts you first to
load a map, and then to create 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.

The procedure for se-
lecting cross section
lines and wells using
maps is explained
with the following ex-
ample:

Hel,

ILET Grid Model Options
Load Map
Select Working Set from Map

Select Working Group from Map

Figure 14-11

1. Select Load Map.

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 Ry
Mapping applica- |t
tion. The map was Select a8 exsing mzp
saved under the i
name-BASIC. You BASIC
will double click on
the name BASIC, or
click it once and
press ENTER.

3. The map as shown :
in Figure 14-13 will Figure 14-12




CHAPTER 14 CROSS SECTIONS

be displayed. This map contains (a) locations and
identifications of wells, (b) water level contours for a
certain date. Only locations and identifications of
wells are of importance for lithological cross sections.

4. You will notice several buttons vertically aligned on
the right side. These buttons offer several options for

Figure 14-13

selecting. wells. You may select wells by selecting a
rectangle, a free drawn area, points by points, or by
drawing a cross section line and selecting a range
from the line.

Figure 14-14 shows a portion of the but-
ton line. If you select the button
Sel.In Area, you will need to draw
a polygon around the wells that you
wish to select. You will start by
clicking the mouse on one point,
move the mouse a certain distance,
click it again, and repeat this untl
you come close to the initial point. Figure 14-14
Then you will click on the End

14-13
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Point button to close the area. Using this button, the
last selected point will connect with the first pomnt,
completely closing the area. You may repeat the same
procedure with another area, selecting some 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 have 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 list. So if you
wish to start from scratch, you
should go to Select Working Group
option and unselect all wells before - E'E R E
you start adding them to the list. #f|End Points.

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 aiso use the option Sel.In Rect. which stands
for selecting wells within a rectangle. Click on this but-
ton, move the cursor to one of rectangle corners, click
and drag the mouse and notice that a rectangle is being
shaped. The button Sel.In Rect. and the rectangle se-
lected with four wells in it are shown in Figure 14-16.

Y [£3 -tV
Lo {iEE EN

Ty

Figure 14-16
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14.5."

ADDING WELLS BY
DRAWING CROSS
SECTION LINE ON

- THE MAP

You may also add wells by drawing a cross section line
on the map. To do 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 cursor to one end of the
future cross section line. Hold the left

" button of the mouse and drag the cur- _
sor to other end of the line. Release the =~ Figwre 1417
button. The line will be drawn as

shown in Figure 14-

18. ® - {Z/ - 7|
Now go to the Cross -l . /("ﬁ i
Section menu and se- - (,/f
lect New Cross Sec- g Wk
tion, as shown in ™ /&&'
Figure 14-19. The pro- B N
gram will display the VAY

dialogue box named T

Cross Section Parame- / \’

ters as shown in Fig- 7 ¢\

ure 14-20. Only the A i

coordinates of start-
ing and ending points Figure 14-18
of the cross section

line, as drawn by you

in the step before,
will be displayed.
You should fill in
other fields to
complete the cross
section definition.
The display may Figure 14-19
look as shown in

Figure 14-21. You

Cross Section RWiAI5

New Cross Section
New Cross Section Like...

Map Grid

14-15
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Starhng Pomt

x [TEEEE 1 v es7soo ]
Ending Pomt

X (6574460 | v[e67400 |
Z Coordinate Label Stap
From[ | To] ]
Scales

Henzonta | | verncal 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

j.':.mu. ‘sr.mmti’nunrelt:l;

Staring Pomt

X |653975 | v |ss7300 |
Ending Point

X |674460 | vlee7400 |
ZCoordnate Label Step
From 5-100 J To EZO j
Scales - B

Honzontat 1: {160000 lvmmn _

Figure 14-21

Range. When prompted for dlstance type 5000 as
shown in Figure 14- )
22,

Now select the op- {5000 j
tion Select Working
Group to confirm
that only the wells

Figure 14-22

r
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you wish to have plotted comprise the list. The display
in our example looks as shown in Figure 14-23.

Unselected ‘I‘tarns Selected Items
SRRG-3 PO-1
SRRGH4 PO-3
SRRG-5 PO-4
SRRG-9 POS
SRRG-10
SRRG-7
SRRG-8

14.6. 3
Figure 14-23

CREATING CROSS
SECTION WITH
SELECTED WELLS

The final step is now to add the selected wells to create
the cross section. From the Wells menu select Add Wells
to C.Section, as shown in
Figure 14-24. In a moment,
the wells will be plotted,
and the screen display may
look as shown in Figure 14-
25. However, the widths of Select Working Group

well lithological columns  Select W.G. Within Range
will be 10 mm by default. If 144 wels to ¢.Section

this is not what you would
like to have, before you de- __Add Lithology to Legend
cided to plot wells you
should have selected an-

Skl Map Grid Model
Select Working Set

Figure 14-24

14-17
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14.7.

INTERSECTION

ADDING

LINES

14-18

™ secuonrbiw

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 [KSiSHI

column width in millimeters. The
dialogue box is displayed in Fig-

ure 14-27. Type the new number

and select OK or press ENTER

In the termi-

nology of
the GWW
package,

Figure 14-26

Set Column Width

Horizontal Scale 1: ]m I

Column Width [mm] {5

] Piot Well Construction

b ]

Chemical Constituents

To the nghtt(nune> ]mg
To the Len

Figure 14-27
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14.7.1. Grid Model

Menu

14-19

"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
some value for each cell of a model. In the Mapping Ap-
plication you decide on the grid, the number of rows and
columns, and the spacing along rows and columns. You
then use the program to interpolate or extrapolate ran-
dom values at some points to create a grid model in
which a selected parameter will have one value for each
cell of the model. These grid models are saved internally
with some meaningful names.

In the case of cross sections, you may be interested in
having the following lines drawn:

e 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 all possible
grid models in your current GWIS. The Edit Line Attrib-
utes is a routine Win- S B
dows procedure to At
select colors, line WHEYIETIR Options Help
thickness and pattern
{solid, dashed, dot-
ted, etc.), and label-
ing fonts. The Plot
Intersection Line is
the plotting option or Figure 14-28
adding the line onto

the cross section. The

Get intersection Line

P $oe o
EERAIG NP

Intersectien Line to Legend
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14.7.2. Get Intersection
Line

14.7.3. Edit Line
Attributes

14-20

Intersection Line to Legend is used to add the line with
its attributes and some text defining the line to the leg-
end. You should use these options starting with the top
and ending with the bottom.

When you select the option Get Intersection Line, the
dialogue box as shown in Figure 14-29 displays a list of
all available grid models and prompts you to select one.

When one of the available
grid models is selected, the
options Edit Line Attrib-
utes and Plot Intersection | I ]
Line are available, asshown | F
in Figure 14-30. When you oast'y
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,
see Figure 14-32); default line thickness, which is 2 (2/ 10
of a millimeter) using :
the thicknesses from 2
through 10 (see Fig- NelPREYraM Options Help
ure 14-33); line color
using the whole Win-
dows-supplied pal-
ette; label font (see
Figure 14-34); etc. You
may break the line by
inserting ecertain text Figure 14-30

such as SWL for static

water level, or the

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-

Figure 14-29

Get Intersection Line

Edit Line Attributes

Plot Intersection Line :
Intersection Line to Legend
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Pen Attributes
Thickness
2 EX
Line Pattern
[Solid Line ]

B R N P AN R ]
| S Dolgr s T

Line Attributes

Distance # 2 [mm]

[ iabeiFontsa,. 1|

A N o R o

Line Pattemn

Figure 14-31

Pen Attributes
Thickness

Solid Line

Solid Line
Dash Line
Dot Line

Pdash 110 Ne 3

Figure 14-32

2

k>

1
3
4
6

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-
vation line and
want to label it as
LS Elevation, the
plotted segment
with the label may
look as shown in
Figure 14-35.

Font Face Size (C Bold
Terminal T 5
MS Sans Serif ) underiine
Courier 7
MS Serif ]
Aoman 10
Seript 12 |
Modern 14 |
Smail Fonts 16
18 |3

Figure 14-34
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14.7.4. Plot Intersection Once you have selected a line to plot, edited it and modi-
Line fied the defaults, you may plot it by selecting the option
Plot Intersection Line.

LS £levation

0

o

o
]
™

! %L_)Pm

Figure 14-35

14.8. LEGEND

Adding alegend to a cross section was briefly mentioned
in Sections 14.2.8. through 14.2.10. You will notice ablock
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 you may place
the legend frame to any place on the cross section draw-

14-22
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ing, either within the cross
Make L d " section or outside. Again, you
W?it: T:f::‘o Legend should be careful and pay at-
Write Scale to Legend tention to the size of the draw-
S ing field of the reporting form

that you will select for print-
ing, as well as to the size of the
cross section drawing to be placed on the reporting form.

Figure 14-36

The example shown

inFigures 14_37 and EEEE chend Posiuouing i 2:381

14-38 creates a leg- Relatc comer peints of map and Iegend
Map Comer Point Legend Corner Point

er.ld frame 40 mm Cower Lot Cover LoR

hlgh and 30 mm Upper Left Upper Left

. ys u Right U Righ
wide, and positions | preiTE———  EETETT—

it in the lower right
corner of the cross

X ) Additional Offset [mm
section, with 5 mm x[s | Y
offset from the right

i . Legend Field Dimension [mm
vertical axis and 1 _ H

mm above the
lower x axis. When
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 corner of o
-the window). S
8D,
The next step is to write some i
text using the option Write
Text to Legend from the
Cross section menu. Suppose ok
you type the word LEGEND - o = g
as shown in Figure 14'39, Ptgure 14-38

then select the option Write

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.

-14-23
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e tolegend.

Map Grid Model Optio

fLEGEND] - ] Select Working Set
e e tl:i Select Wnrﬁng Qroup
N R T Select W.G. Within Range
Figure 14-39 Add Wells to C.Section
Add Lithology to Legend
Units will list all available
codes for lithology. This is Figure 14-40
shown in Figure 14-41. Since
—— the legend block will con-
, ELORERUNLIE]  tain codes copied as they ap-
Sclect kems) pear in the list, you should
BOULDER select only the ones that
CLAYH have a clear description of li-
s thology. The acronym
DOLO CWIOS, which was created
to present Clay With Inter-
GRAVELF beds Of Sand, will have no
GWC o
meaning in the legend.
The final display of the leg-
Figure 14-41 end block may look as
shown in Figure 14-42. The
lithological cross sec- N
tion with the legend oo
block may look as dis- P
played in Figure 14-43. LEGEND el
1:150000 o
1:1500 0
14.9. OPTIONS Using Opfions menu o sn
you may enhance your (= oms e
CT0ss secton by adding Foeuan sann o
well construction de- 7 e
tails and deciding on = ==z .~
Figure 14-42

14-24
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B& B

Figure 1443

plotting one or two chemical constituents along the
wells.

When you 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 or to Edit Chemical Concen-
tration Parameters. The first one is used for adding well

Map ° Grid Model EESIIGT
Column Plotting Stvle ...

Edit Chemical Cons. Params

- Figure 14-44

14-25
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14.9.1. Column Plotting

Style

14.9.2,. Edit Chemical

Concentration
Parameters

14-26

construction details an for selecting the width of vertical
columns (with or without 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
canbe overridden. It also offers a column width of 5 mm.
You will notice a small square box with the text Plot Well
Construction. Click on this box if you wish well con-
struction details to be displayed.

The lower part of this dialogue box will let you select one
or two chemical constituents to be displayed either on
left or right side of the lithologic column. By default,
none constituent is selected. However, if you wish to plot

Horizontal Scale 1
Column Width jmm] |5

O Piot Well Construction
. |
Chemical Constituents

To e g [canne>__ 13
To e Lo o> 12

rr

Figure 14-45

a constituent, click on the bar with arrows on either To
the Right or To the Left option. GWW will open a list
with all chemical constituents that you have declared in
the Data Structure tool on the GWW Main menu bar for
the application 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. [t is intended to give you a
chance to enhance the presentation by selecting several
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attributes for each
.constituent to be

presen.ted. Whe.n' Horizontal Scale 1:
you click on Edit Column Width msm] E

Chemica 1 U Piot Weli Construction
Conc.Params, the S ——
dialogue box as Chemicsl Constiuents

shown in Figure
14-47 is dis-
played. Titled
Constituents At-
tributes, it pre-
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 ma F— oot

a lsg choose b e}i E;n |&¢EM A [ i i
tween logarithmic |& Min M |
and linear (bar) dis- |[fs o | froa0 J
play, and you may L n phting 10
select the width for O Logaritmic DBar
plotting the concen- o G |
tration-depth dia-

gram on the cross

section.
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 of chloride and
the total dissolved solids are shown in a zoomed portion
of the same cross section in Figure 14-50.

14-.27
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Figure 1448

** Line300-C-TDS

Figure 1449
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** Line300-CI-TDS
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CHAPTER FIFTEEN MAPPING APPLICATION

15.1 INTRODUCTION

15.1.1. General

15.1.2. Application’s

Content

15-1

Using this application you may create various thematic
maps:

¢ Location maps with wells, sampling points, survey-
ing points, benchmarks, etc.

¢ Contour line maps showing ground surface eleva-
tion, water levels, depth to water, equal transmissiv-
ity lines, TDS contour lines, contaminant contours,
etc.

¢ Landfill and other facilities boundaries, extension of
contaminant plurmnes, etc.

This application is a utility for creating maps, adding
legends, superimposing various lines, areas, points and
texts, and reporting. It uses the information from the
data base, with the Make Random option {see Chapter
Five) from other applications. It creates grid 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.

As shown in Figure 15-1, the Mapping application is
comprised of the following major options:

e Map
e Grid
¢ Random
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® Area
e Line
e Text
¢ Help

§ Map Grid Random Area

Figure 15-1
The sequence of operation is normally as follows.

1. You select a coordinate system for a new map. This
means you select the range of X and range of Y val-
ues. Then you decide on the scale of the map, check
the dimension of the map at selected scale. You select
some 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.

15-2
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15.2,

15-3

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 used to make a legend box with vari-
ous text, including scale, and to position the legend onto
the drawing.

This menu is also used to select a reporting form and to
print a map.

Maps are created and saved as internal files. After you
create a map, display it on the screen, and print it, you
may save the completed map under its own hame. Maps
then become an integral part of the Ground Water Infor- .
mation System (GWIS). You may retrieve maps any time
you open your data base, you may also print a map, or
add some content.

Depending on when you activate the Map menu, some
or all of the following options will be available, as shown
in Figure 15-2: ' "

e New Map
New Map Like...
e New Map Like... 0ld Map -
Ciear Map v
e Old Map Save Map .
e Clear Map Save Map As...
Make | egend
& Save Map Write Test to Legend
* Save Map As ... Write Scale to Legend
Edit Parameters
e Make Legend Print Miop
& Write Text to Legend Print Setup
Dimensiaon
® Write Scale to Legend - Import DXF Flle
e Edit Parameters Exit AlFA
e Print Map ' Figure 15-2
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__® PrintSetup

‘e 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 dlsplayed It will prompt you to
define the mini- . o —_—

mum and maxi- *“'ﬁ:_-*.' .

mum coordi- n........‘ R :
nates for the From [ ] te [ ]
map, tick dis- o — ]
fcance (the spac- " TwaDwmnce [ ‘
ing between tick semen [

marks along
axes) and scale
of the map. An
example of a- Figure 15-3

filled in Coordi-

nate System Pa-

rameters

dialogue box is

shown in Figure 15-4. It would be interpreted in the fol-
lowing way. The

map will originate i EEEEETTTETTITTTA

at the lower left |[xcoorere=

point with coordi- T leew T e !
n a t e S Yu:::mjmcm — ] To [w7enco ]
628000,938000, Y e

and will terminate Tick Owmnca [0 ] S
at the upper right Some 1 [BOBT ] (—
point with- coordi-

n a t e s

678000,970000.

Ticks will be

drawn on the in- Figure 154

side of the map

15-4
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15.2.2. New Map Like ...

border at 5000 units spacing. The scale of the map will be
1:250,000.

You will also have a chance to control the map drawing
by selecting the More button (see Figure 15-3) which will
thien open another dialogue box as shown in Figure 15-5.

s, Map Drawing Parameders’

Margms {mm]

Left Rxght - Above @ Below 12.5

?c{ ,F a.mwm»ac-;;a‘fjg

15-5

Figure 15-5

There you may control drawing margins, colors of vari-
ous parts of the drawing, lines and fonts. Keep in mind,
that the margins refer to the frame around the drawing,
not to page margins. This is not a "fit-to-page"” drawing,
but rather it should fit the reporting form that you may
have created using the option Tools from the main menu
bar, followed by Report File Editor. You may also mod-
ify the default tick height of 100 mm.

Use the New Map Like ... option to create a new map
using one of existing maps but without any content, ex-
cept for coordinates of the map, scale, and drawing pa-
rameters. Actually, you will use everything from the
existing map except its content. This option is useful
when you are not satisfied with the map content for
whichever reason. Say you wish to modify 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 copv as showanlgu.re 15-6. All you will see on

Select an Existing Map

L

[BASIC

Figure 15-6

Figure 15-7

the screen will be the coordinate 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 dlsplays the list with all named maps saved in pre-
vious sessions.

15-6
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15.2.4. Clear Map

15.2.5. Save Map

15.2.6. Save Map As...

15-7

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.

This option clears the content of the currently selected
map. What remains is the coordinate "system”, that is the

‘X and Y coordinate axes, scales, and atiributes. If you

keep working with this "cleared” map and save it under
the same name, that is by selecting option Save Map, the
previous content will be erased ("cleared") and the new
content will be saved instead.

When you finish working on a map you may want to
save it. You have two options: (1) to save it under the
name that is displayed in the title bar, (2) to save it under
a different name. The option Save Map saves only under
the same name as shown in the title bar. If this is an un-
titled map, that is a new map, this option will be
dimmed, which means unavailable.

When you work on a new map, this will be the only "sav-
ing" option available. You will be prompted to assign an
internal map name. If you worked with an existing map
(youused the option Old Map), you will have 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 Map As ..., in which case you
will assign another name to the modified map without
affecting the content of the one you started with. In this
second case the dialogue box similar to the one shown in
Figure 15-6 will be displayed.
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15.2.7. Make Legend

15-8

You will notice a block of options on the Map menu, Fig-
ure 15-2, on the Grid menu, Figure 15-11 (Add to Leg-
end), and on the Random menu, Figure 15-26, on the -
Area menu, Figure 1540, and on the Line menu, Figure
15-46.

The legend will normally consist of some text, scales,
various points, contours, additional lines, such as rivers,
roads, landfill facilities, mines, etc. Using this option,
you may position the legend box onto the drawing, as-
sign its X and Y size, and add some offset to the frame to
move it from the drawing’s frame.

The option Make Legend on the Map menu prompts
you to select the relative position of the legend frame
within the drawing. The dialogue box is displayed in
Figure 15-8. With a little bit of patience you may place the

Reiate corner points of map and tegend
Map Comer Point Legend Corner Point

Lower Left
Upper Left
)

Lower Right

Additional Offset [mm]
x| v I

Legend Field Dimension jmm
X | b d

o
St

E
|iicsase

Figure 15-8

legend frame to any place on the map 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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15.2.8. Write Text to

Legend

15.2.9. 'Write Scale to

Legend

15.2.10. Edit
Par_ameters

15-9

" to the size of the map drawing to be placed on the report-

ing form.

For examples on how this may work see Chapter 14,
Cross Sections.

You may write some text to the legend, line by line. Each
time you 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 the scale for the
map to the legend.

You may edit the parameters of an existing map. When
you select this option, the dialogue box as shown in Fig-
ure 15-4 will be displayed. You may modify anything in
this box, although normally, you will probably want to
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 normat 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-
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15.2.11. Print Map

15.2.12. Print Setup

15.2.13. Dimension

15-10

you may return to the Edit Parameters option and mod-
ify the scale.

When you decide to print a map, the program will dis-
play the list of all the available reporting forms. You may
select one of the forms, and the program will print the
report. In the Mapping application, there are two default
forms: landscape and portrait.

‘This option is explained in Chapter 5, Section 5.4.

As mentioned earlier in paragraph 15.2.10., vou will use
this option frequently to check the size of the drawing.
The numbers, which are in centimeters by default, as
shown in Figure 15-9, include drawing margins. The fol-
lowing is important to keep in mind. Maps are printed
using either a default reporting form or one which you
created. When you create a reporting form, vou 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.

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 form's
drawing field, the map will be centered within the draw-
ing field. If they are greater than the drawing field, a por-
tion of the map will not be printed. What will be printed
will start at the lower left corner of the reporting form'’s
drawing field. '
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15.2.14. Import DXF

File

15-11

One of the features of the GWW package is to that it al-
lows files to be imported from other major graphics pro-
grams. One standard is the Drawing Interchange File, or
DXF format, produced by Autodesk for AutoCAD and
supported by most CADD programs. Only selected ob-
jects from a DXF file will be imported. GWW eliminates
three dimensional
.DXF images. Nor-
mally, it will import
two-dimensional con-
tour lines, other lines
such as roads, rivers,
and the like, and some
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- Figure 15-10

lect a file with a .dxf

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 con-
touring on the screen.

If you do not have-a new map displayed on the screen,
this is all that you will get from an imported .DXF file.
However, if you know the range of the X and Y coordi-
nates and have created a new map before importing a
DXF file, the GWW program will translate the .DXF file
and plot the contours onto your map.

On the distribution diskette you will find one example
with a .dxf contour file labeled as basemap.dxf. This is a
direct output file from AutoCad. To reproduce the map
do the following:

1. From the Mapping application menu select Map.



CHAPTER 15 MAPPING APPLICATION

2. Select Import DXF File. As shown in Figure 15-10
double click on the file name basemap.dxf. There will
be a window showing the current operation, which
is reading the file, line by line. It is a huge file, and it
will take some time to read it all. When the reading
is done, there will
be a window dis-
playing the range

of the values of the x - coordinate range
X and Y coordi- -9275.21 t0 14642.41
nates, as shown in y - coordinate range
Figure 15-11. The -5193.09 to 13384.33

range for the X co-
ordinate is from -
9275.2 to 14642.41,
and for Y coordi-
nate it is from -5199.09 Figure 15-11
to 13384.33.

3. Remember the ranges
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, Scale 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.

A A R R e f h0d
XIS o e § A ANS Ax 0 ayhiAte

S RED Y St St by L3 TR

Figure 15-12

15-12
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15.3.

GRID MENU
15.3.1. Content

15-13

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 portion 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 at 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, or a 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 level, depth to water table, total dissolved solids,
thickness of an aquifer, elevation of a stratigraphic con-
tact, concentration of a contaminant, transmissivity of an
aquifer, and much more.

The term model implies a rectangle made up of rows and
columns. The gridding routine attempts to 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. You may override this last parameter by assigning
more or less importance to distant points.



CHAPTER 15 MAPPING APPLICATION

The second option on the ap-

plication’s menu bar, Grid, is g:’:’GG_':Id Like...
comprised of the following, | =° ™7

as shown in Figure 15-13 (N0~ | gave Grid As...
tice that not all options on

this menu are available at all | _Edit »
times): Add Contours to Map
Add Color Regions To Map
o New Grid Add Area to Map
Add to Legend
e New Grid Like ... -
Make Grid from Handom
e Old Grid Make Contours
Make Color Regions
e Save Grid
Set Grid Area
e SaveGrid As... Get Grid Area
Clear Grid Area
e Edit
Standard ASCII 1O »
¢ Add Contours to Map Output to DXF File
¢ Add Color Regions to Figure15-13
Map
. ¢ Add Area to Map

® Add to Legend

¢ Make Grid from Random
e Make Contours

¢ Make Color Regions

® Set Subgrid Area

® Get Subgrid Area

o Clear Subgrid Area

o Standard ASCII1/O

¢ Output to DXF File

You use the New Grid option in the same manner that
you use the New File option. You will be prompted to
define the model, that is its origin (Xo and Yo), which by

15-14
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Xo and Yo

Dx and Dy

Nx and Ny

~ takes longer. Xo 628000 ]
o le of erid Yo (938000 |
ne example of gri
parameters is shown Dx |1000 oy [1000 |
in Figure 15-15. The Nx

15-15

definition is in the lower

left corner of the grid, grid A Pararetee

. size and number of rows N
and columns. The dia- o[
logue box displayed in o | | oyl ]
Figure 15-14 defines the o | 1w |
following: Sttt

[irrari] | cancet

Minimum X and Y coordi-
nates of the grid model; Figure 15-14

The distances in units of
length (meter, feet, etc.) between X and Y grid lines, re-
spectively; :

Number of grid lines in the X and Y dimensions.

The number of grid lines in the X and Y dimensions must
be a positive integer (without a decimal point) greater
than one. The distance in data units between the X or Y
grid lines may be a positive real quantity (with a decimal
point). For square grid cells, the Dx and Dy values
should be equal. It is 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 |EEEEEEEEET TS
calculating contours ]

wy
CREEE

model covers an area

from X minimum l
628000 to X maxi- .
mum 678000; that is .Figure 15-15

50 km since the data

unit is meters, and

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
model cells are squares of 1 km? 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 all available grids.

e New Grid 1.it~ ap Fuicting One 1; -] L__ RS :jj.';':'.—.mﬂ Gli&_j.:-:,j.;j_':.'_
Seiect wn Existing Grid Select an Existing Grid
1 ] (
GRID-Z e GRID-Z
1wiB7-11 grid-1
wiBT-7 wiB7-13
wiBT-7
Figure 15-16 Figure 15-17

15.3.3. OldGrid 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

"change the grid to reflect any changes you have made to
it. If the grid you are working on has not previously been
named (e.g. you are creating a brand new grid), GWW

15-16
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=

15.3.5.

Save Grid As ...

153.6. Edit

15.3.6.1.Edit Grid

Parameters

15.3.6.2.Edir Contour

Amributes

_ in Figure 15-18. The major op-

15-17

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 op-
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-
sion. 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. Enter a name and
path and click on OK, and

GWW creates another internal

file with that name. When yo
resume working, you are work:
ing in the new grid.

Edit Grid Paraeneters
Edit Contour Levels
Edit Contour Attributes p
Edit Colar intervals

The option Edit on this menu
opens up with additional op-
tions. These options are shown Figure 15-18

tions for editing are: -

Edit Grid Parameters
¢ Edit Contour Levels
e Edit Contour Attributes

Edit Color Intervals

Using this option, you are given another chance to mod-
ify grid size, coverage and density. The dialogue box,
such as the one shown in Figure 15-15, will be displayed.
Remember 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-
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tours to edit, as displayed in Figure 15-19. In the termi-
nology of some other

contouring packages,
these options are Auxilliary Contours

equivalent to Labeled Figure 15-19
and Unlabeled con-

tours. Main or labeled
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
modify or control almost every attribute of a contour
line. This is normally line thickness, line pattern (solid,
dashed, dotted, or combinations), line color, fonts for la-
bels, etc. The display is the same as shown in some ear-
lier figures, such as Figure 14-31 in Chapter 14.

15.3.6.3.Edit Contour GWW assigns some default [PSSENGIIELIY <o)
Levels minimum and maximum con- | Main Leves

tour levels and contour inter-
vals, depending on the range
of the "Z" values found in a
grid. However, this may not Awdiliary Levels
be what you want to use. Af-
ter you select Edit Contour
Levels, GWW will display the
dialogue box as shown in Fig-
ure 15-20. You may now edit
either main levels or auxil-
iary levels, or one after the Figure 15-20
other.

If you select the Regular Values
option, GWW will open another rom (@]
dialogue box as shown in Figure
15-21. There you should specify
the minimum and the maxi-
.mum contour line levels and the

step. The program will then

Fi 15-21
make contours at equally gure

15-18
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15.3.6.4.Edit Color

Intervals

15-19

spaced intervals using the step you supplied in this box.

If you wish to specify discreet 75 500
contour levels for plotting, 250000
rather than equally spaced in- 35 0000

100, 0080

tervals, use option Edit and
specify an irregular number
of data units between contour
lines. Contour levels do not
have to be in any specific or-
der, or equally spaced. One
example of editing contour
levels is shown in Figure 15-
22,

Ctrt-D=Del Line

Figure 15-22
/

LIS

This option is used to specify color intervals and color
values for various intervals. The option will have sense
only if you wish to print a contour map enhanced with
color intervals. For this you need a color printer. When
you select this command, the display will be as shown in
Figure 15-23. The program has preselected some default

Figure 15-23



CHAPTER 15 MAPPING APPLICATION

15.3.7. Add Contours to

Map

15.3.8. Add Color

Regions to Map

15-20

-—

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 dlicking
on a color from the color palette displaved in this dia-
logue box. You may also edit intervals for coloring. Just
as in the option for setting contour levels you have two
options: (1) Set Regular, or from the minimum contour
level to the maximum, and assigning some uniform level
step; (2) Edit, in which case you type any interval you
wish.

This command is interpreted by GWW as a combination
of two commands:

e 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.

This option will be available only if you have selected a
grid with values at the intersection of each column and
row. In other words, you must have used the option
Make Grid from Random Points either during the cur-
rent session or earlier. '

This command is interpreted by GWW as a combination
of two commands:

® Make color regions, and

e Add cdlor regions to the map.

It will be available only if you have selected a grid with

values at the intersection of each column and row. In
other words, you must have used the option Make Grid
from Random Points either during the current session
or earlier.
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15.3.9. Add Areato
Map

15.3.10. Make Grid
from Random

'15.3.11, Make Contours

15-21

This option is added to the Grid menu for convenience.
Areas will be explained further in Section 15.5. Although
you may create many areas, that is, closed lines that en-
circle a certain portion of the map, and give them differ-
ent names, only one area can be selected as the current
area. You may add this area to the map in this menu or
in the Area menu. In the latter you may edit plotting pa-
rameters, make an area transparent or not, assign differ-
ent line patterns, colors, etc.

This 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.

This is a command which interpolates and, if necessary,
extrapolates values of the "Z" parameter from discrete
random points to the regular model grid. To make it
work you must have a currently selected random model
and a currently selected grid. If one of these two is miss-
ing, this command will not be available.

If you do execute this command, you may use its results
to create a contour map, to save the grid selected but now .
with associated values at the intersection of each column
and row in the model, or you may save the grid in an
ASCTI or .DXF file.

This 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
activate the command Add Contours to Map, as ex-
plained in 15.3.7.
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15.3.12. Make Color

Regions

15.3.13. Set Subgrid

Area

This 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 color regions by itself. For this you need
to activate the command Add Color Regions to Map, as
explained in 15.3.8.

This command is used to make contours within one or
more closed areas. It is equivalent to blanking specified
portions of a previously created grid. You may blank in-
side or outside the subgrid area. The subgrid area is an
area digitized by you using the Area menu or input as an
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 will be applied only to the
interior of the subgrid area. The opposite is also true.

A subgrid area may contain more than one area. You 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 portion of a subgrid area, saved as an
ASCII file, is reproduced below.

2396063.0000000
2396602.0000000
2397164.2500000
2397333.5000000
2396552.0000000
2396070.7500000
2396063.0000000
/ »*

2397834.0000000
2398492 5000000
2398769.7500000
2398045.7500000
2397718.5000000
2397834.0000000
/ [

403318.6875000
403703.6875000
403684.4375000
402960.6562500
402594.9062500
402879.8125000
403318.6875000

403703.6875000
403850.0000000
403195.5000000
402779.6875000
403368.7500000
4037036875000
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15.

15.3.

AS

3.14. Get Subgrid
Area

15.Clear Subgrid
Area

15.3.16. Standard
CII Input/Output

15-23

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.

You may have more than one subgrid area within which
you wish to contour. With this command you will be
prompted to select one of the available subgrid areas.
Thisis a combination of commands: select and set a sub-
grid area.

When you wish to contour within the entire rectangular
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.

You may save a grid model in an’ASCII file or input the
grid model from an ASCII file. This file could have been

created by GWW or by any other program, e.g. by SUR-
FER™. When you select this Input
option the menu option ex- | Output |

pands to two options: Input

and Qutput, 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
ASCT file, or Output if you wish to write the grid model
created by GWW to an ASCI file. A portion of the ASCII
file with the grid model is reproduced below.
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15-24

75.9089 759592 71.7994 71.9027 72.009°
716541 712471 713617 71.1524 71.2424
71.3354 714302 715275 704314 70.5159
70.7258 709576 712168 715073 71.3087
716741 709735 73.8004 75.6722 75.8195
759486 760329 76.0291 755818 75.0766
74.4473 737384 73.0179 723480 717709
71.2997 709180 70.6734 704999 70.3836
70.3149 702850 7135821 71.7099 &7.9782
679463 679067 678712 67.8304 67.7950
75.8668 759182 718866 71.4863 71.6143
717295 713211 712226 713183 714164
715158 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 ASCII file. The format is free, that is numeric
entries are separated by one or more spaces or a comma.
The first ten lines of this file represent "Z" values for row
one. Remember that the model is made of 50 columns
and 32 rows. The ASCII file should contain 320 rows,
since each row is written in ten lines, each 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 order
of writing the numbers:

1. From the minimum Y value to the maximmum Y value,
that is from row 1 to the last row, which is row 32 in
this example. This is a normal way of writing the file,
the one which follows the standard convention of the
coordinate system with the origin in the lower left
corner.

2. From the maximum Y value to the minimum Y value,
which places the origin of the coordinate system into
the upper left corner of the model. This is the input
required for most of currently used ground water
mathematical modeling software including the
U.5.G.5. MODFLOW, the United Nations GWMOQOD,
and others. With this option in GWW, you may create
input data files for your modeling software.
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15.3.17. Output to
DXF File

LY

3

15.4.
RANDOM MENU

You may also export the grid model as a .DXF file. The
values exported are the coordinates of the intersection of
eachrow and cell and the "Z" value associated with each
intersection. You may input such files in AutoCad and
create a three-dimensional contour map. Before GWW
creates a .DXF contour file, you will be asked to select
which layer you wish to have written to the file. The term
"layer" 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
level elevations or depths, or

. _ e ]
any other numerical space-dis- | oy cowo
fributed Par ameter. :::-n“ Dirmcieter, F

'|

EX X KT A

When you select this option
you will be prompted to select
a file name, as shown in Figure
15-25.

Figure 15-25

New Random Model
0Old Random Model
Save Random Mode!

The Random menu op-
Save Random Model As

tions and commands are
shown in Figure 15-26.
With this menu you may

Add Points to Map
Add Labels to Map

15-25

input one of the existing
random models which
you may have.created us-
ing any GWW applica-
tions or which you may

* have imported as ASCII

files created within or out-
side of GWW.

Add Values to Map
Add to Legend

Show Parameters

Edit Plotting Parameters §

Standard ASCII Input
Standard ASClHl Qutput

Figure 15-26
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15.4.1. New Random

Model

15-26

This menu is used to create location maps displaving
various points or wells. If you wish to add contour lines
to such maps you need to use the Grid menu. To add
lines you will use the Line menu, to add areas you will
use the Area menu, and to add text you will use the Text
menu.

Random models are created in applications other than
mapping. Random models are internal files containing
for each point its X and Y coordinates, the "Z" value
which could be any numerical distributed parameter,
and the well or point identification name or number. It
will be easier to understand a random data file in an AS-
CII format. One of such files is partially reproduced be-
low.

6579000 949000.0 6.630000 PO-1
660000.0 953500.0 7.450000 PO-2
657800.0 945300.0 7.570000 PO-4
654500.0 941000.0 6.640000 PO-5
6758000 962300.0 5.000000 SRRG-10
665000.0 958000.0 13.71000 SRRG-7
669000.0 955200.0 11.32000 SR}QG—S

The first column is the X coordinate of the point, the sec-
ond column s its Y coordinate, the third column is its "Z"
value, which in this case is the depth to water table from
a measuring point. The last column is the well identifica-
tion. '

You may create such files using any other software, not
necessarily the GWW package. The format of data is free,
that is column values are separated by one or more
spaces.

You are advised to always start with this option since
whatever you input as random points will simply add to
whatever you may currently have in the memory for
random models. By selecting New Random Model you
guarantee that your next step, the selection of an old ran-
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15.4.2.

Old Random
Model

15-27

dom model, or a standard ASCII file input with a ran-
dom model will not mix with an existing random model.

When you select New Random Model you will be
prompted to answer several questions, such as Coordi-
nates Unit, and Is Z-value dimensioned, and to select
type of units and unit for Z values.

If you have used Random Model in any other applica-
tion of the GWW package, you have created one or more
random models to
which GWW has
given internal file
names. Using this op-
tion, you will be L ' ]
prompted to selectan Wl LioR
existing random z
model. The dialogue
box is as shown in
Figure 15-27. In this
example we have
used master data ap-
plications to create a Figure 15-27

random model with

all wells of which the ground surface elevation is known
(Z random model), then we used a hydrographs applica-
tion to create two random models for water levels in July
1987 (WL87-7) and in November 1987 (WL87-11). The
names of these models are the ones we have selected.

Select an Existing Random Model

If you have not created any random model in any appli-
cation, you cannot use this set of routines. You will have
nothing to plot.

When a random model is input, either internally or as an
ASCT file GWW will inform you about random model
limits for the X and Y coordinates and for the "Z" values.
One of examples of this information box is shown in Fig-
ure 15-28. Notice that random models are dimensioned,
that is the coordinates are either meters or feet, and 2Z-

. values are either dimensioned or nondimensioned.
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Figure 15-28

15.4.3. Save Random This routine is used only when you wish to input a ran-
dom model ASCII file and save as an internal 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 internal GWW name when prompted for this

Model

as shown in Figure 15-29.

15-28

e Sawve Random model

tlDS—K.hubar—rdm

Ci-Halifex

Mg-hALIFAX

ObsWelis4rdm
TDS-Khobar-rdm
TDS-Muharrag

TDSAN
WaterDepthAllAquifers1990-6
WaterLevelKhobar156693
Waterl.evelKhobar1930-6
X-Khobar-Obs £
X-PTest 4

Figure 15-29
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15.4.4. Save Random
Model As

15.4.5. Show .

Parameters

15.4.6. Edit Plot
Parameters

DM Label Drawing Alvibutes’

You may save a currently used random model under the
name of an existing random model. This will replace en-
tirely the content of the internal file which contains a ran-
dom model. It is important to understand that you may

" not have more than one random model open at a time.

This is the option which displays only the range of val-
ues for X and Y coordinates and the "Z" value. One ex-
ample is shown in Figure 15-28. You cannot edit these "
values. They serve only as a reminder and as a check that
this is the model that you wish to work with.

When you select the option Edit [
Plot Parameters, you will be Label
given a choice of three entries as
shown in Figure 15-30: Fioure 1530
igure 15-
* Point B+ovxoa
e Label Xb60&%A

¢ Value ‘Sizejmm) E

For points, you may select [ ] -
one of 14 symbols and choose

. the size, as shown in Figure Figure 15-31

15-31. With some imagina-

tion and repetition, - @l Figure 15-32

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-

15-29

Figure 15-33 ment, as shown in Figures 15-
33, 15-34, and 15-35, respec-
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Font Face

[Fxedsys 4

Terminal
MS Sans Serif a@%
Courier

MS Serif
Roman
Script
Modemn
Small Fonts

15.4.7. Add Points to
Map

15-30

Horizontally Verticalty

OLen O 71ep
@ Center D Center
|:| Right Bottom

|X oftset 10 mm]
!Y cffset [0 mm]

[Foki] [ocaucets)

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.

With this command the points from the currently "ac-
tive" random model will be plotted. You control the size
and symbol for points by using the option Edit Plot Pa-

rameters followed by Points.
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154

8. Add Labels to
Map

15.4.9. Add Values to

Map

15.4.10. Add to Legend

15.4.11. Standard
ASCII Input

“shown in Figm'e 15-37. Enter "Label' text in legend

15-31

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 alignment for values. Horizontal and vertical
alignment attributes will control the position of values
with respect to the position of the symbol for points.

With this option you may add one point to the map leg-
end. The point will be copied to the legend block with
the same attributes as the one used for its plotting. This
applies to font, color, alignment of its label and value..

You will first be
prompted to specify one
of the labels that will be
copied to the legend, as

Then you will be
prompted to type some
text that defines values
plotted on the map. For T (T
example, you may type Lk fomett
the text as "Depth to ===
water table in July 19877,

or "TDS in ppm," or

“Toluene content in Figure 15-37
ppm,” etc.

(Mw-1| |

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 is
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ASCII Output
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important to re-
member the or-
dEI' Of input Filename:
variables: X coor- [
dinate, Y coordi-
nate, Z value, :
well identifica- gz
tion. The format
is free.

Directory. CAGWD

Files:

When you select
this option the
GWW program Figure 15-38

will display a list

of files with the

extension .rdm.

You may select

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
model back to =
GWW. When
you select this
option the pro-
gram displays a
dialogue box

Asndom Moedei Std. ASCI! Qutput

Fliensme: [+ ram | ek

Direciory  CIOAHRAIN Coaent

Files: Directories:

with a list of files e %
with the exten- .

sion .rdm. One

example is

shown in Figure

15-39. Figure 15-39
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15.5. AREA MENU

15.5.1. New Area

15.5.2. Digitizing Area-

15-33

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 area, save such ar-
eas under internal file
names, edit plotting pa-
rameters, etc. The menu
options are listed in Figure
15-40.

Oid Area
Save Area
Save Area As

Add Area to Map
Add to Legend

Edit Plot Parameters

Standard ASCIl input
Standard ASCIl Output
DXF Output

Figure 15-40

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
New Area, but the "area content” will be emptied if there

were another area in it.

The GWW package incorporates digitizing capabilities
when it comes to creating areas and lines. When a map

is displayed you will notice a vertical
row of buttons. For digitizing an
area, the following buttons are im-
portant: Dig.Area, as shown in Fig-

Figure 15-41

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:

{EndPoint’

‘_ Frd Dighs

Figure 15-42
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15-34

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 cursor to a point where you wish to start the
area. Press the left mouse button. Move the cursor to
the second point and click the mouse. Be careful here.
If you are going to use this area as a closed area
within which you wish 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 duplicate two points, the initial
and final, the program will do this automatically
when you terminate 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, or to create
another closed area.

If you wish to finish digitizing, you should click on the
button End Digit. With this you will get out of the digit-
izing mode and return to the area menu. Your current
"area content” will contain the X and Y coordinates 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 ASCII Output, or you may save the
points in a DXF file using the option DXF Output. But
most of all you may save this area with all points, mak-
ing the area an internal data base file using the option
Save Area or Save Area As.

After you have terminated the first area by clicking on
the End Point button, you may create another area by
clicking on a point which is on the second area’s bound-
ary. Continue dicking 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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15.5.3. Old Area

15.5.4. Save Area and

Save Area As

15-35

If you have digitized more than
one area, hoever, all of them are
internally saved as one digitized
area file. Each area will be de-
fined with same attributes: line
thickness, line color, line text,
text fonts, etc.

You will notice cther 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 Figure 15-43
menu. You may always zoom in

or out, or Fit to Window. It may

help to digitize an area in a

zoomed in display.

You may create one or more areas by direct digitizing, or
you may import areas as ASCII files. You may assign to
these various internal names, such as Landfill cell A, ore-
body CW, Tailings cell G, etc. Each may be identified
with its 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 arid
place it into the current "area content,” you should select
the option Old Area. The GWW program will display a
list of the available internal 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 it a grid area.

Whether you have created an area by direct on-screen
digitizing or have imported an area as an ASCII 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. If this is a new area you
will be offered the option Save Area As. If this is an ex-
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15.5.5. Add Areato

Map

=

15.5.6. Add to Legend

15.5.7. Edit Plot

Parameters

15-36

isting area which has its name, you will be offered both
options Save Area or Save Area As. Internally the pro-
gram will associate with each saved area its attributes.

With this command the area currently occupying the
"area content” will be plotted onto the map with default
attributes or attributes assigned by you using the Edit
Plot Parameters option.

Before you add an area to a map check the attributes,
especially whether the area will be transparent or not;
also check screen and printer colors. If the area is not
transparent you will cover the rest of the content of the
map with the area. Likewise, if the background color
(either screen or print) is any color other than white, the
whole area will be painted masking thus the other con-
tent. :

NOTE. The GWW software does not have an Undo command
with which you may restore the previous screen.

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.

An area has its own attrib-
utes, or parameters. When
you select this option, the
screen will display a dia-
logue box such as shown in
Figure 15-44. The double

X Transparency

Eag e i ]
&L}.Q&?.;:E;u‘ |£:aneea*3

Figure 15-44
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15.5.8. Standard ASCII
Input and

Output

15-37

arrows to the right indicate that each 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 line thickness
(from 1 through 6), line pattern (solid, dashed, dotted,
dash dot, etc.), label which will intersect the border of the
area and display or print a text, font for the label, dis-
tance where the label will be displayed or printed, and
the spacing between two subsequent labels. An area bor-
der attributes dialogue box is displayed in Figure 15-45.

i - Ares Doeder Attrthutes .. 7wl

Pen Attributes Line Atimbutes
Thickness
. Labe!
2 75| @ | |

. Distance #1 [mmj (40
Line Pattem

[Solid Line 3] Distance # 2 |mm]
[;

T L T L g e T LIV G T Tt T T
Yiine. Color ;»W»;af:‘g Iii?é«?}-!:abaf:!‘-‘ur&»a i §

Fo el g'c-_c;"»:\-mmi

[iicancers

Figure 15-45

You may save the currently active area in an ASCII file.
The file contains only the coordinates of points making
the area. One area is terminated with the combination /*
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15.5.9. DXF Output

15-38

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 coordinates are exactly
the same as the first point’s coordinates.

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, 554094
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.

You may create a DXF output file with random points to
use in another software package, most likely in AutoCad
or another Computer Aided Design package. You will be
prompted to select a file name and directory to save the
output.
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15.6.
LINE MENU

15.6.1. New Line

15-39

- 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:

® New Line
" Oldbine BT —
0Old Line
e Save Line Save Line
. Save Line As
® Save Line As _
Add Line to Mz2p
e AddLineto Map Add to Legend
e Add to Legend Edit Plot Parameters
. Standard ASCil input
e Edit Plot Parameters Standard ASCII Output
e ' Standard ASCII Input DXF Output
Figure 15-46

¢ Standard ASCTI Output

¢ DXF Output

The GWW mapping application in principle 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
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you will work on a new line without any interference
with an existing line.

= To create a new line directly from GWW you must use its dig-
itizing capability.

15.6.2. OldLine 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 youin =1l
previous sessions. When | setect sn Esdsting Line
you use this option the | | ]
program displays a list | mres
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
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. '

Figure 15-47

15.6.3. SaveLineand Same as in other menus on the
Save Line As Mapping application title bar,
these two commands are used to
save a line under an internal name.
If the line is a new untitled line you
will be prompted to Save Line As,
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 1548. If you are
working on an existing, or titled, line, you will have op-

15-40
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15.6.4. Add Line to Map

="

15.6.5. Add to Legend

15-41

tion to Save Line under its own name, or Save Line As
giving it another name.

You may add a line to the map. This is probably the rea-
son why you are creating lines, editing them, giving
them some 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 normally 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 several steps, so
that you may start anew from a step before, not from scratch.

The legend block is gradually built up of parts: some
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 select a New Line and transfer another line
using either Old Line or Standard ASCII Input com-
mand, and apply again the command Add to Legend.
Each time you
select Add to
Legend you
will be
prompted to .
enter explana- ! J
tion text, such
as shown in
Figure 15-49.

egend §

Enter explanation text
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15.6.6. Edit Plot

Parameters

15-42

This option works in the same way as in the Area menu.
You may select the line thickness from 1 to 6, the line
pattern (solid line, dashed, dots, and combinations), line
color, the font for the label, and spacing between sub-

sequent la-

bels. The

dlSplay 1S .aS Pen Attributes Line Armbutes

shown in Thickness Lael :I
i - W

Figure 15 fm Dastance #1 mem) [40

>0. Eodie [ Oveesezimmifim ]

Y o u m a Y .‘.;:.:I -».\...-u\.- >l -:T:- -;; an o e T eieees s

"outsmart”

the program

by digitiz- Figure 15-50

ing a line,

writing

some 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 some text next to an existing line, such as the Rio
Vaca Vieja parallel to the river line as shown in Figure -
15-51. The text was created following the steps:

1. Select New Line.

2. Digitize line (click on Dig.Line button to start digit-
izing).

3. Terminate 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 corner.
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¥
[}

2,
f“’
G

‘\\j}ﬁ\,\/% RS

Figure 15-51

6. Write to label field "Vaca Vigja", change Distance #1
from 40 mm to 0 mm, change the second default
number from 120 mm to 60 mm and select OK.

7. Select Palton font, 10 points, Italic. Click on OK to exit
this option. .

8. Select Add Line to Map.

What is created is an invisible line with text that is vis-
ible. We are sure that you will find this small trick quite
useful. (You may ave selected No Line from Line Pat-
tern.) .

15.6.7. Standard ASCII You may save the currently active line in an ASCII file.
Input and/or Output  The file contains only the coordinates of points making
the line. One line is terminated with the combination /*
typed after the last point’s coordinates. One example of
an ASCII file containing two lines is reproduced partly
below.

672367 .68700000 969797 25000000
672282.68700000 969622.25000000
672537.68700000 969119.25600000
672610.68700000 969004.25000000

15-43
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672987.68700000  969432.25000000
666385.75000000  938400.43700000
666450.75000000  938195.43700000
/Q
635542, 68700000  969912.25000000
635772.68700000 969609 25000000
635532.68700000  969449.75000000
635469.68700000 ° 969092 25000000
635309.68700000  968944.25000000
635234.68700000 968937 25000000
635339.68700000  968734.25000000
635474.68700000  968587.25000000
635464.68700000  968349.25000000
628327.68700000 955647 25000000
628292.68700000  955439.25000000
/l‘

You may also import one or more lines from an ASCIH
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

T T Line St ASCH tepai R RV

either when you wish to
read'theline froman AS- | rucnec: [
CII input file, Figure 15- Directory.  CAGWD
52, or when you want to Flies: Directorics:
write to an ASCII file, rvers.tn e
Figure 15-53. Fed
B
15.6.8. DXF Output 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 select a file name
and directory to save the output. The program will open

15-44



CHAPTER 15 ’ MAPPING APPLICATION

“Lime SuL-ASCH Owtont - ERTARE

Ficosnc: (I e
Direttory’  CAGWD T

Flies: irectories:

rversin

EXEXTE

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.

1

15.7.

TEXT MENU

You will use this menu to add tex
lines to your map. You may add a
heading or a title to your map, write
some comments, etc. You do not need|
to use the text menu options to create]

0ld Texts
Save Texts
Save Text As

alegend. It is done using options from| Add Texts to Map

all mapping menus.
pping Edit Texts Parameters

The Text menu contains the following]
commands or options, as shown in|
Figure 15-55:

Standard ASCIl Input
Standard ASCIl Output

Figure 15-55
e New Text

15-45



CHAPTER 15 MAPPING APPLICATION

e Old Text

¢ Save Text

¢ SaveText As

¢ Add Text to Map

e Edit Text Parameters

e Standard ASCII Input

e Standard ASCI Output

15.7.1. New Text Use this option to create a text block. Each set of text in-
formation is called a block. For each line of text you will
specify the coordinates 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 alignment.

When you select the New Text option, the dialogue box
as shown in Figure 15-56 will be displayed. The only rea-
sonable option available for a new text is the button

i T D e

gt g
Leicke::

ey [l s
o o

Figure 15-56

15-46
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15.7.2. Old Text

15-47

New. Click on New. The sareen 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 coordinates of

Taxtl ‘ , l

R A o e S SN e R

x—CoordmateI |

Y-c:oordmaa[ |

the lower left corner of the first letter of the text string, or

by alignment attributes in the Text Attributes chalogue
box. N
You may write more than one line of text, assigning to
each its position, angle, fonts and colors.

You may save this text block under its own internal file
name. You may have many such text blocks or f11e
names.

Seleet en Existing Text
l |
Title-1 0
You will use this option to
retrieve a previously cre-
ated and saved text file
containing one or more
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
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15.7.3. Save Text and .

Save Text As

15.7.4. Add Text to Map

"name. The dialogue

15-48

will be transferred into the "text content" with all its at-
tributes. -

Same as in other menus on the Mapping application title
bar, these two commands are used to save a text under
an internal name. If the text is a new untitled text you
will be prompted to Save Text As, that is the program
will display a list of existing text names from which you
may choose one or as-
sign an entirely new

box with file name se-
lection may look as
shown in Figure 15-59.
If you are working on
an existing, or titled,
text, you will have op-
tion to Save Text under
its own name, or Save
Text As giving it an-
other name.

Figure 15-59

You may add a text to the map. This is probably the rea-
son why you are creating texts, editing them, giving
them some attributes, and the like. You wish to add them
to a map. The text may be a header, a subtitle, a company
name, a comment or description, or anything that de-
scribes or enhances a map. Prior to adding a text to the
map you should check text attributes or parameters, that
is its position, angle, font family and size, and color.
Once added, the text cannot be removed and the whole
process of map building may have to be repeated.

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 several steps, so
that you may start anew from a step before, not from scratch.
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- BASIC
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15.7.5. Edit Text When youselect this option, the dialogue box such as the
Parameters one shown in Figure 15-61 will be displayed. Using this
option you s
may:

e Edit an
existing Rio Guarica lrigation System
t e xt
string.

¢ Add an- “
other text ' '
string to
the same Fea] [ ee
t e x t -
block.

¢ Delete Figure 15-61
one or
more text
strings.

Editing a text string or text line means changing the text
itself, moving its position by changing X or Y coordi-

15-49
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nates, replacing one font family and size with another, or
changing its color.

To edit you should do the following:

1. Select with the cursor the line of text you 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.

3 by} L
Text Atribuates

Ll Fip Guarico Irrigatien System

Text |Rio Guarico Irrigation System

AR Y IO D S
SRS - R DR

X -Coordinate [530000

Y -Coordinate 1968000

Angle [deg]

Figure 15-62

3. Work on modification and select OK to return to the
text menu.

To create a new line of text within the same text block
you should do the following;:

1. Click on New button. GWW will open an empty dia-

logue box, Text Attributes, such as shown in Figure
15-57.

2. Create 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.

15-50
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15.7.6. Standard ASCII

Input

15-51

To delete a line of text from the current text block you
should do the following:

1. Select with the cursor the line of text you wish to de-
lete. This line will be highlighted.

2. Click on Delete button. This line 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-
CII file, or you may create a text file with a text editor.
When you wish to input the text as an ASCII file, GWW
Will prompt you for a ey
file name to select the oot talait =
text, as shown in Figure
15-63.

Filensme: ﬁ "l tm,‘wa
Directory.  CAGWD -w

To use a text editor you Flles: Dhectores:

must observe certain ussien.mex by -
rules and conventions. o o
The text displayed in PE

the example above

when stored as an AS-

(I file will contain the Figure 15-63 -

following:

"Rie Guarico Irrigation System" 632000 968000
10017490 "Paiton" 000 110

Evidently, the first line is the text limited with quotation
marks, followed by the X and Y coordinates defining its
position on the map. The second line contains the text
string attributes and font family, size, and color. The font
family is Palton. The three 0 after the word Palton are
color codes, meaning red, green, blue are each set at 0
value. The combination of three "zeros" is the black color.
Remember that color values are from 0 to 255. The com-

‘bination 255,0,0 is interpreted as pure red, the combina-

tion 0,255,0 as pure green, and the combinatic_m 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 create!)

The set of numbers after the color code, thatis 1 10 de-
fines text font attributes, that is normal or bold, normal
or italic, normal or underlined. 0 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 notbe 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
0 which follows implies 0 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 0, 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, and 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 ASCII text file with two lines of text may look as re-
produced below.

"Rio Guarico Irrigation System" 632000 968000
10517 490 "Palton" 0143255 110

"Estado Guarico, Republic of Venezuela" 632000 965000
10017420 "Arial" 000 000

When this file is imported into GWW and the command
Add Text to Map is applied, the displayed text may lock
as shown in Figure 15-64.
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Rio Gé&rico Iﬂ‘igétion Systerin

P54z | £.540
& | o

Figure 15-64

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 edit this file using your text editor and import
it again into GWW as an input ASCII file. Before you ex-
port the file, GWW will prompt you to give a file name
to the text as displayed in Figure 15-65. -

\

Figure 15-65
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CHAPTER SIXTEEN CUSTOMIZATION

16.1

INTRODUCTION

This is a utility option in GWW which makes possible
individual customization of various screen displays and
printouts.

It has been stated earlier that GWW is language-inde-
pendent, or almost so! Under "language-independent”
we mean that 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 create
reports of every part of the package in your own lan-
guage. This is made possible by using options from this
Customization package.

Whenyou 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

iy Applications Jooln Heip

16-1

Hydrographa Dilspisy Paramaotars Concontration - Depth
X¥ull Log Disploy Paramotors Concentration - Tima
Stop Drawdown Displsy Peramaoters -
Grein Size Curve

BPumping Tewts

Figure 16-1

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:

- * Chemistry

* Concentration-Depth
¢ Concentration-Time
¢ Hydrographs

* Lithology (well logs)
* Step Drawdowns

* Pumping 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. Some portions of this file are repro-
duced below. '

[GWW]

GWWnDataBase=c:\gwd \test2.gww
LastPumnpTests=PT-1
Lastldent=PO-1

Frame=100 10 1800 2500
LastMasterData=P-540

LastLithology=PO-1

[PumpTests]
QUnit=m3/day

. LengthUnit=m

TimeUnit=min
[WellFunct]
TransUnit=gpd/ft

DrawUnit=feet
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[Stiff]

StiffBorderDisp=255 255 255
StiffBackgroundDisp=255 255 255
StiffLinesDisp=000
StiffInteriorDisp=0 0 255
StiffL.abFontDisp="Arial’ 12000000
StiffSymFontDisp="Arial’ 10000000

16.2. CHEMISTRY
APPLICATION

In the Chemistry application, as shown in Figure 16-2,
you may customize the display and print for each of the

L4 1Y IMippoes Dicplay FFararmmieter s tramplcec o
WWitlco>x DHue ploy Paromoters Concentration - Depth
St Display Parometers Concentration - Time
Schoeller Dicploayw Parameters -
fize CTurnsc -
Pumpling Tests

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 coordinate 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 chemistry 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’ you may replace with the word "CATIONES’

16-3
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b Sciect tem(s)

i |Border Colar [Display)

l |Backgr. Coler [Display]

k |Coord. Lines Color [Display)
Border Color [Priny

| |Backgr. Color [Prinf)

R |(Coord. Lines Color [Prinf)

' g {Labels Font [Display]

 iPoints Symbols Font [Display]
§ |Labels Font (Print)

§ | Points Symbols Font {PrinY

i Select itemis)

k |Coord. Lines Color [Display]

g (Border Color [Priny)

i {Backgr. Color [PrinY)

R |Coord. Lines Coler [Print)

I {Labels Font [Display]

& |Points Symbols Font [Display]
f (Labels Font [Print]

! | Points Symbols Font [Print)

i |'Cations' Text

i |'"Anlons' Text

Figure 16-4

Translation of 'CATIONS'

CATIONS

Figure 16-5

16-4
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 Select item(s)

E [Border Color (Display]

g (Backgr. Color [Display]

£ |Coord. Lines Color [Display)]
8 |"Very High' Celor [Display]

§ |'High* Color [Display]

¢ |'Medium’ Calor [Display)
8 |'Low’ Color [Display]

§ |Border Color (Priny)

§ |Backgr. Color [Print]

d |Coord. Lines Color [Print)

! Sclect ltem|s)

Barder Color [Displayj
Backgr. Color [Displayj
Coord. Lines Color [Display]

Border Color {Print]

Backgr. Color [Pring

Coord. Lines Coler [Prin{]
Polygon interior Color [Print}
Header Font {Display]

lay)

Polygon Interior Color [Display]

Select Item|s]

"~ Figure

Border Color [Display)
Backgr. Color [Displayj
Coord. Lines Color [Display]
Point Polygon Color [Display]
Border Color [Print)

Backgr. Color (Prinf)

Coord. Lines Color [Prin{)
Point Polygon Color [Pring)
Labels Font [Display)

Labels Font [Print)

Figure 16-8
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16.3. HYDROGRAPHS

APPLICATION

16.4.

WELL LOGS

16-6

if you wish to write in Spanish, or "KATIJONI if you
wish to use Serbian language.

Only the lower portion of all options available for this
application is shown in Figure 16-9. If, for example, you

| Select tem(s]

R |Caord. Lines Color [Display]
i |Polygon Color [Display]

| [Barder Color [Print)

i |Backgr. Color [Print]

| |Coord. Lines Colar (Prinf)

{ |[Polygon Color {Print)
| |[Font [Display)

| {Font [Print]

i 'Depth* Text

| 'Level' Text

Figure 16-9

wish to report eprh® Tt
in Spanish, Transiation of ‘Depth’

you will re-
place the word | Protundidad] : |

‘Depth’ with
its Spanish
equivalent
‘Profundidad,’ Figure 16-10

as it is shown

in Figure 16-10, or the word "Level’ with 'Nivel,’ etc. You
may also customize colors, fonts, color of textual attrib-
utes, etc.

You may enhance your lithologic or well log by selecting
different colors, and fonts. You may replace the header

f



-CHAPTER 16 ' CUSTOMIZATION

16-7

‘which contains the words ‘Depth,” ‘Hole,” “Annulus,’

‘Casing,” “Screen,” and ‘Lithology,” with other words or
equivalents in other languages. If you select fonts such
as Czar from CorelDraw or Cyrillic from other sources,
you may create a well log 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.)

Well log display and print parameters, available for cus-
tomization, are displayed in Figures 16-11 and 16-12.

¥ Select Item(s)

& [Frame Color (Display)
§ {Frame Celor [Print)

H |[Header Font [Display]
f |Litholagy Font [Display]

B (Annulus Font [Display]

f [Coordinates Font [Display]
fl |Header Font [Prinf]

g |[Litholagy Font fPrinf)

§ |Annulus Font [Print]

§ [Coordinates Fant (Print)

Select tem|s)

Header Font [Prinf]
Litholagy Font [Prinf]
Annulus Font (Print]
Coordinates Font {Print)
'Depth” Text

'Hole' Text

‘Annujus’ Text

'Casing’ Text = 8
*Screen’ Text ]
‘Lithology' Text i 8

Figure 16-12
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16.5.

STEPF DRAWDOWN

APPLICATION

16.6.

GRAIN SIZE
CURVE
APPLICATION

16-8

In a step drawdown diagram the following text appears
on the graph or in the table: ‘Drawdown,” "Pumping
Rate,” ‘Aquifer Loss,” "Well Loss,” and "Efficiency.” You
may replace each of these with their equivalents. The op-
tions are shown in Figure 16-13.

k [Coord.System Font [Display)
g [Table Header Font [Displayj
fl |Table Data Font [Display]

§ | Coord.System Font [Pring)

§ |Table Header Font [Print}

B |Table Data Font [Print)
3 'Drawdown* Text -

g |'Pumping Rate® Text

b |‘Aquifer Loss' Text

g |'Well Loss® Text

Figure 16-13

Here again, every word that appears on the diagram
may be replaced. This is shown in Figure 16-14. In addi-
tion you may control the color of display and of print-
outs. 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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16.7. PUMPING TEST
APPLICATION

16-9

B Select hem|s)

j |Table Header Font [Pring)

g [Table Data Font [Print]

¥ ['Grain Size in Millimeters' Text
g 1'% Passing’ Text

B ['Fines' Text

 |'Sand’ Text
B |' Grave!" Text
% {'Cobble’ Text
¥ 'Boulder' Text
d |'Fine’ Text

Figure 16-14

Almost everything that is presented either on screen or
printed can be customized. One portion of options is dis-
played in Figure 16-15. This is mostly the textual part of
the pumping test display, but you may also control col-
ors of lines, coordinates system, data points, back-
ground, and the like.

g Sclect tem|s]

§ (Coord.System Font [Print]
g |'Time' Text

§ |'Drawdown’ Text

} i'Residual Drawdown' Text
i |'Jacob Method' Text

g |'Theis Method’ Text

B ['Hantush Method' Text

§ |'Recovery Method' Text

§ |'Theis Method for Partial Pen.' Text
| |'Error’ Text

Figure 16-15
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16.8.
CONCENTRATION -
DEPTH SERIES
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.
E Select tem(s)
E '"Depth” text
E 'Level text
. Figure 16-16
16.9.
CONCENTRATION -
' TIME SERIES

16-10

Although you
may modify the
display or.print-
out to some ex-

_ tent directly from

the application,
most of the cus-
tomization will
be done from this

menu.

Select Hem(s)

Border Color [Display)
Backgr. Color [Display)
Coord. Lines Color {Disptay}
Border Color {Pring)

Backgr. Color {Prin)

Coord. Lines Color {Print]
Labels Font [Display]
Labels Font [Print)

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 borehole 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. You may also use free-hand draw-
ing of lines, close polygons and fill in with lithologic or
other symbols. '

Since it is a three dimensional presentation of the lithol-
ogy of a terrain on a two dimensional screen and paper,
you may control angles of rotation along the x and y axis,
and angle of projection on the Z axis.

As in the other general-purpose utilities within GWW,
such as Mapping and Cross Section, you 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 apphcanon
Thus the lithology of a selected part of the area is imme-

diately visible.
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Figure 17-1

17.1.2. Application’s As shown in Figure 17-1, the Fence Diagram application

Content  is comprised of the following major options:

17-2

e Model
* Wells
 Map

e Grid

* Drawing

* Drawing Style
* Help

The Model menu is
shown in Figure 17-2. In
this menu you control the
content of the fence dia-
gram, the viewing an-
gles, the scales, and the
general layout of the
drawing.

The Wells menu is shown
in Figure 17-3. In this

Wells

Make Panels from Wells
Delete Panel
Extend Panel

Select YWorking Set
Select Working Group

Clear Panels

Maximum Length

Units

Coordinate Planes Parameters

Figure 17-2

Map Grid Mot
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FENCE DIAGRAM APPLICATION

17-3

menu you select
wells to be used in a
fence diagram. Be-
fore using the Model
menu you will nor-
mally start by select-
ing wells to repre-
sent lithology.

The Map menu is
shown inFigure 17-4.
This is a shortcut for
selecting wells. You
may create a working
set or working group
of wells directly from
a map.

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

- Save Drawing As...

— B7% 7203K Free

i .

=4 Select Working Set from Map
= Select Working Group from Map

Figure 174

YETl Grisd Maodel

Figure 17-5

Drawing Drawin
,{_m Get Intersection Line

¥ Drawing Style
Make Drawing

Help

Make Legend

Add Text to Legend

Add Scale to Legend
Add Lithology to Legend

Print Drawing
Print Setup
Dimension

Figure 17-6
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17.2, MODEL MENU

17-4

headers and textual expla-
nations.

([Draw Lithology Pattern|
The Draw Style menu is 3 2D Drawing
shownin Flgure 17-7. USlIlg 2 Skip Undefined Polygons
this menu you will control I Sidp Lines Above and Below Log

Several d]splay OPtionS, e.g_ X Fill Pane) Background

the width of lithologic col-
umns.

Wetl Colymn Width [mm]

The three dimensional pres-
entation of lithology of an
area is actually modeling
the lithology of an area. You select which part of the area
you wish to model, which wells to use, how to present
them; and you change the angles of viewing the cross
section. '

Figure 17-7

The Model menu serves to create "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

-------
\\\\\\
DASEN

4
M
{H

Figure 17-8
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used by two or more panels is shared by these panels
(Figure 17-9). More than one panel can be drawn
through one well. Each panel may contain only two
wells.

Figure 17-9
Panels are
labeled us-
ing the ; ___twesssir T
names of i |Mwosiwon (MW 02 MW-04T)
wells that %;ﬁéﬁ
make a (¥ trrats
panel. As |
shown in
Figure 17- —
10 the la- - : :
beling is ST
(MW-7 - :
M W - 9 ) . ftnﬁ,‘,.,x“whmmww, v s e o S ,.wdw.%m;m..fﬁmu..xw,,mm-.w-..m-ﬁé
Panels can | Figure 17-10
only join
one with
the other but they cannot cut through or protrude
through.

17-5
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17.2.1, Make Panels
" from Wells

17.2.2. Delete Panel

17-6

When this option is selected GWW automatically creates
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 some cases you should not
expect that all possible combinations of panels will be
created. For example, with 3 welis labeled W-1, W-2, W-
3, it may or 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, ‘
orientation

s, fonts and
color attrib-
utes. A typi-
cal screen |
may look as g7z
shown in ¥Z8
Figure 17- : ¥ Ao
11. Notice ™%

that some é .
wells are ' um

shared by ‘
els. Figure 17-11
MW-01,MW-03
MW-0Z.MW-03)
Once created, panels are stored in m&%ﬁf )
the information system created by (Mw-D4CMW10)
GWW with all their attributesand fﬂw_.,gj,..w..,i,'}
additional contents. Panels are
like building blocks making the

final drawing. Each panel is like
a cross section connecting 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 shown in Figure 17-12.

Figure 17-12
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17.2.3. Extend Panels

17.2.4. Select Working

Set (of Panels)

17-7

All available panels are listed. You may click on one or
more panels to select (highlight) them to be deleted.
When you dick on OK they will be deleted.

In this application panels are defined as rectangles en-
closing a space between two neighboring wells. How-
ever, there may be cases when you will want to create a
panel which will have only one side coinciding with a
well while the second side will be free. Such panels may
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 com-
mand Extend Panel. The dialogue box as shown in Fig-
ure 17-13 will be displayed with the list of all available

(MW-07,MW-09) MW-06 side
" MW-D3 side

Figure 17-13

panels. Extending a panel you will not widen this panel
but you will create a new panel which will share the side
well and will have the length as entered by you in the
right side of the dialogue box. The newly created panel

. becomes independent and behaves in the same way as

other panels. -

The command .Select Working Set on the Model menu
implies the selection of panels that make a current work-
ing set. You may have many wells making a current
working group of wells, and you may have created
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many panels from the group of wells [using the com-
mand Make Panels from Wells]. Using this command
- you may eliminate some 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

Unsaiacted hams Salacted hems

W02 MwW-040) W01 _WwW-03)
(W0 4C MW=10) rW-02 Mvw-03)

Figure 17-14

or Unselected side you will move the panel to the other
side.

17.2.5. Select Working ~ The command Select
Group (of Panels) Working Group on the
Model menu implies
the selection of panels
that 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 shown in Fig-
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.

Figure 17-15

17-8
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\

17.2.6. Clear Panels This command is used to remove additional "enhance-
ments" to a 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
look as shown in Figure 17-16. Using the command Clear

AR QI
RIS

\QJ‘
I9ge

I I B

- 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.

17.2.7. Maximum Panels are automatically created using X and Y coordi-
Length nates of wells. Some panels may be too long. You may
reduce the length of each panel by assigning a maximum
allowed length. The dialogue box is as shown in Figure
17-18.

17-9
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-,

e
3
i
%
L-jﬂx R T e L R e e I B B R P s

Figure 17-17

17.2.8. Units The units are taken
from the Cross Sec-
tion application.
However, you may | [I@ |
change units within
this application.

Maximum Panel Length [feet}

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: Coordinates, Scales, Z Label Font and Col-
ors for coordinate planes. When the Make Panels from
Welis command is invoked GWW will scan 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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Coordinates Colors
From To TS
2342.63

2316.86 2390.52

225 320.4

Scales
Horizontal 1: {1000
Vertical 1:

Z Label Font

T SR T

Eﬁmﬁ and Size. d

Z L abel Distance E} feet

Figure 17-19

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 some deeper
layers by increasing Zmin and emphasizing only the up-
per part of a fence diagram. -

Selecting scales is not that straight forward procedure as
it was in the Mapping or Cross Section applications. Re-
member that this is a "quasi” three dimensional presen-
tation on a two dimensional plane (screen or paper). The
final dimension of a drawing will depend on several 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
Z axis.

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

17-12

The Z label font part of this dialogue box is intuitive. So
is the Color part in which you 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 or hide some 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
model.

The dialogue box with parameters is as shown in Figure
17-20. Figures 17-21 and 17-22 show the difference be-
tween an orthogonal and a normal projection, respec-
tively. The angles of rotation around the Z and X axes are
30 and 45 degrees, respectively in both cases.

The angles of viewing can be assigned in a more conven-
ient way by sliding scroll bars in the middle part of the
left-side window. Sliding the bars in whichever way you
will rotate the coordinate triedar. When you wish to dis-
play the new view dlick on the Refresh button. If you
have rotated the triedar, but have decided not to change
the viewing angles, press the button Cancel.
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Rotation Angles (degrees)

Around z-axis
Around x-axis (60

Relative Projecioion Distance I:l

[ Normal Projection

Figure 17-20

Figure 17-22

17.2.11. Hand Drawn A free hand drawing is an option in this application.
Lines However, you should work in panels. Each panel is an
independent entity. You cannot extend a line from a

17-13
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17-14

panel to another in a straight forward way. (You may cre-
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 several points with the mouse until
you create a line. One such line is shown in Figure 17-23.
To draw anothe

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.

N W S T N AN A U S IR B P P b 2 N e L it

faet 300

250 F:5:

Figure 17-24
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17.2.12. Filling with
Lithologic Patterns

17-15

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.

Very often you will want to fill a lithologic unit or a layer
with its pattern. The filling is done in closed polygons.
To fill the layer in Figure 17-24 with the pattern for dolo-
mite you need to add two more lines, each connecting
the top with the bottom of dolomite in both wells. If you
do not close the polygon correctly the color and pattern
will spill and cover the whole panel. If this happens you
will have to clear this panel. However, remember that
the command Clear Panels will 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. The‘
final display is as shown in Figure 17-25.

feet 300
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Figure 17-25
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17.2.13. Fine Tuning of  You may fine tune the position of points and lines by us-
Points  ing the button Select. After you press on Select you may
drag any point on a-line. Figure 17-26 shows one such

b2t
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o

Figure 17-26

move. Figure 17-27 shows that by moving a point on a

Figure 17-27

17-16
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17.2.14. Points

17.3. WELLS MENU

17.3.1. Select Working
Set

17.3.2. Select Working
Group

17-17

line which closes a filled polygon the new polygon be-
comes completely filled with the selected pattern.

You have two additional buttons: Points + and -. Al-
though points can be drawn using the Line + button, the
button Points + draws but does not connect points. Like-
wise, the button Points - erases a point but not the line.

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.

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. Its purpose is to reduce a large set
with many wells to a smaller set of wells which may be
selected for any reason.

Only the wells that are included in a working group can
be added to a fence diagram. You may select a working
group in 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 COOI'dl-
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
will look something like what is shown in Figure 17-28.
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17.4. MAP MENU

17.4.1. Load Map

17-18

Unselected ltems Selacted hiems
MW-01 MW-06
Mw-02 MwW-07
Mw-13 MW-08
WMW-04C MW-09
MW-10

o

S S Y
0K |Oenel
#:3#;!55'::-‘2@1 I:. R

Figure 17-28

On this menu you have three options:

* Load Map
* 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 or a Working Group
of wells. Prior to clicking on Load Map you 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) or a 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.

This option is used for two purposes:

1. To create a working set of wells directly from a map.
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17.4.2. Select Working

Set from Map

17.4.3. Select Working

Group from Map

17-19

2. To create a working group of wells directly from a
map.

The sequence is normally:

1. Click on Wells 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 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. 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.

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.

The sequence is normally:

1. 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.
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17.5. GRID MENU

17-20

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, 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.

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:

1. Select Get Intersection Line. A dialogue box is opened
with the list of available grid models (these grids are
created in the Mapping application by making a grid
model from 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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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

17.6. DRAWING
MENU

17-21

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
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17.6.1. Make Drawing

17.6.2. Drawing
Margins

17-22

you will make legend blocks to enhance the drawing. In
this menu you will also save the drawing by assigning a
name. You will setup your printer and print the drawing.

With this command you are switching from the main
menu view to the drawing view. The whole screen be-
comes your drawing area. You may add lithology,
header, scales, and any text you find appropriate. Wait
until GWW recalculates the drawing and displays a dia-
logue box, Margins, on the screen.

You will be
fir s t,
prompted
(Figure 17-30)
to confirm
the margins
of the draw-
ing. Margins
in this opera-
tion imply
the amount
of shifting the
drawing left,
right, up, or
down within
the printing form field. The shifting of the drawing be-
comes handy when you wish to make space for legend
and text blocks. Remember that the drawing you are go-
ing to create will be saved and associated with a draw-
ing’s name but it will not be

information system which you can later edit. In other
words, the 3D drawings are not like 2D cross sections
(application Cross Section) or maps (application Map-
ping). They are like "nonstandard” drawings: a pumping
test, a hydrograph, a chemical diagram and a step draw-
down test diagram. You may print them provided you

Figure 17-30
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17.6.3. Save Drawing

17.6.4. Make Legend

17-23

create 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 create 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 some offset to the frame to move it from the

drawing’s frame. You may make several legend 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 create another block. One of Make legend

dialogue boxes prepared for the hthology dESCI‘lpthII is

shown in Figure 17-31.

Relate corner points of map and legend

Map Corner Point Legend Comner Point

Lower Right Lower Right

Additional Offset [mm]

x{s | vis

Legend Field Dimension [mm}
X35 Y |25
Figure 17-31
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1. Unless you are already in the Make Drawing mode
you should select Make Drawing. The option Make
Legend becomes available.

2. Select Make Legend.

3. In the dialogue box titled "Legend Positioning" select
in which corner of the drawing you wish to place the
legend. You have four options: lower left, upper left,
upper right and lower right. You have also the option
to move the block from the selected corner 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 corner of the
legend block will coincide with the selected drawing
point. For example, if you select Lower Left corner
of the drawing and Lower Left corner of the legend
block, and leave blank additional offset fields, the
legend block will have its lower left corner in the
lower left corner of the drawing and will extend to
the right and above from this "origin". If you select
upper right corner 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 corner 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 on-Fit Wnd button on the right to refresh
the screen.
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17.6.5. Write Text To

Legend

17.6.6.Write Scale to

Legend

17-25

NOTE 2. If you do not specify the "Legend Field Dimension”
but leave the two fields blank, you will be able to create a legend
block without the frame. This may be very handy if you are not
sure what size of the block is needed for the text that you intend
to write.

If you have created a legend block by using the option
Make Legend you may add some text to the legend.

1. Select Write Text to Legend. Type some text onto the
line in the Text to Legend dialogue box.

2. Click on OK or press ENTER.

3. The Font Selection dialogue box offers you to select a
font from one of installed fonts. Select font family, size,
and style. Keep in mind the size of the legend block and
the length of the text string that you just typed.

NOTE. The screen display in some parts of GWW is not

What You See Is What You Get (WYSIWYG). This is espe-

cially true for the legend. It may appear that the text’
string extends beyond the legend box frame. To see’
whether this is the case refresh the screen by selecting

either zoom in or zoom out buttons on the right and by
viewing the enlarged legend block.

You may write several lines of text to the legend block
provided you have assigned enough space for the block.
One typical line might be the word LEGEND.

The program knows which scales are used for drawing
a fence diagram. When you select Write Scale to Legend,
GWW will offer a default text for the horizontal scale,
followed by a default text for vertical scale. You may ac-
cept these text options by pressing ENTER or clicking on
OK, or you may override them by typing something else.
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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 anac-
tive legend block created by using the option Make Leg-
end. If not, create first the legend block and position it on
the screen.

1. Select Add Lithology to Legend. A dialogue box titled
"Select Lith. Units" will display a list of all lithologic
symbols that you have made a part of your data base
when you have created well logs using the Well Log
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.

Select em(s]

Figure 17-32

2. Click with the mouse on a symbol that you wish dis-
played on the cross section. You should click on all
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. Select OK. Remember that by default GWW cre-
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ates one symbol 5 mm high. Thus if you wish to place
6 lithologic symbols on the legend, you need to create
alegend block with minimum 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 legend 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 from 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 blocks

separated by another 5 mm of blank space in the vertical suc-
cession.

- 17-27
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Figure 17-34

A completed fence diagram with a header, legend block
and a scale block is shown in Figure 17-34.

17.6.8, Print Cress When you de-
Section cide to print a

3D cross sec-
tion, the pro-
gram will
display the
list of all ([[an@sxiiBD
available re- liLandscape
porting forms  |[Portrait
as shown in
Figure 17-35.
You may se- Figure 17-35
lect one of the

17-28
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17.6.9. To Setup a

Printer

17-29

forms, and the program will print the report. You create
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 directly on the
drawing using the Make Legend and Write Text to Legend op-
tions. Or you may create a header or text field in the cross

section reporting form. The first option is handy to make a one- .

line title. The second option is useful for making a title with
one or more lines using object field attributes (alignment,
fonts, colors, border line thickness, shadow and the like.).

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:

1. From Main group select Control Panel.
2. Select Printers.

3. Select one of installed printers as a default printer, or

add some more printers to match your hardware.

4. Select Setup and modify whatever you want to mod-
]-fy ' .
5. Click on Set as 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,

I
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™ Cartridges [max: 2]

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 III
printer.

: ﬁe:!:!ulinn:
[ Paper Size:
Paper Source: (Uppes Trap A

E Memory: |1 MB
£ [ Orientation

1 Page Pratection

O'Eomait Copies: D

® Landscape

Z: Microsoft 1A
HP: ProColiection
HP: Global Test
HP: Great Skart

Figure 17-36

17.6.10. Dimensions of You will use this option frequently to check the size of

17-30

the Cross Section  the drawing. The numbers are in centimeters by default.

The following is important to keep in mind: cross sec-
tions are printed using either a default reporting form or
one which you created. When you create a reporting
form, you assign the dimension and position of the
drawing field. The dimensions assigned using 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.000 template, which is
prepared for the drawing size 250 mm horizontally by
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17.7. DRAWING
STYLE MENU

17.7.1. Draw Lithology
Pattern
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154 mm vertically in landscape orientation, 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 portion
of the cross section will not be printed. What will be
printed will start at the lower left corner 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

Dimension dia-

logue box looks as
shown in Figure 17- .

37.

Figure 17-37

When you check this box lithologic units/members will
have lithologic patterns (symbols) drawn. These are the
same symbols that you are using in Well Log application
and Cross section apphcanon :

'NOTE. You are advised to remove the check from this box

when you are still working on a drawing. It takes time to draw
lithologic patterns and symbols. Only when you are satisfied
with the drawing, its legend, and other text you may add li-
thologic symbols. But add lithology before you go to Make
Drawing menu. There you may also add lithology but it will
not be printed unless you close the Make Drawing menu and
open it again.
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17.7.2. 2D Drawing

17.7.3. Skip Undefined
Polygons

17.7.4. Skip Lines
Below and Above Log

7.7.5. Fill Panel
Background

17.7.6. Well Column
Width
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When you select this box the angle of orientation along

* the X axis will be returned to 90 degrees. The cross sec-

tion will become similar to the standard Cross Section
application, except that in this application you may con-
nect lithologic units, fill them with symbols and pattern,
and add some free-hand drawn lines.

If you check the option Parameters, you will notice that
the "Around X axis" angle was set to 90.

Some of polygons may be undefined. You are advised to
keep this box unchecked, which would be interpreted as
" i i .~ You certainly need to
keep this box unchecked if you wish to add some "inter-
section” lines, that is the ground surface elevation, some

water level at a certain date, lithologic members and the
like.

Some polygons may extend above the ground surface
elevation and may have lithology undefined. Checking
this box will prevent such polygons from 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
will loose “three dimensionality.”

Just the same as in the Cross Section application you may
control the width of well columns. The default is 10 mm.
1. Select Drawing Style.

2. Select Well Column Width.

3. Type the new number. Take care not to select a too
large width in which case you may overlap columns.

4. Select OK.

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.

s /0% 9656K Free

Data IMI=TTINLIE Tools gustomizn Help

Master Data
Chemistry

Pumping Tests
Bydrographs
Mapping

Well Log

Cross Section

Fence Diagrams
Step Drawdown Test
Grain Size Curve ] e

Miscellaneous
User 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 example, climatological data such as
rainfall, evaporation, air temperatures, etc. for a project
or a country can be kept within an application titled Cli-
matology. Geotechnical data on samples from drilling,

- 18-1
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o such as Atteberg limits, water content, friction angle, co-
hesion, etc. can be kept in a separate part of the data base
under the title Geotechnical. Surface water data for a
project site or a larger area can be kept in a Surface-Water
application.

18.2. PREPARING
GWW FOR NEW
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 ?F
new data structure for g

an application. -

1. Select Tools under New User File

the Main menu. Old User Fite
2. Select File Structure | Exit , Alt-F4
Editor. Create Structure From STD ASCH

3. Click on File. Notice Wrhe Siruchye to 574 ASC!E
on the menu which
is as shown in Fig- Figure 18-2
ure 18-2 two addi-
tional entries:
New User File
and Old User File. Enter new file name

4. Select New User
File. GWW opens
a dialogue box as
shown in Figure

18-3 prompting . Figure 18-3

Precipitation]

18-2
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you for the name of your to-be-created application.
In the case used for this example the name will be
Precipitation, 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 Hems
Well Ident 22 Wel 1
Figure 18-4

5. Select New and start creating a new data structure.
When you are finished, the dialogue box may finally

. i look as
', . shown in
X Dal
Figure 18-5.
v fWell Idsng 22 e
: Rainfall 10 Nu
6. Click on OK Eoaporation o Ne
and exit the Sarial 10 ch
File Struc- Tipe . 18 : gﬁ
. ScmentalXl i
ture Editor. Rainfall recaoxrd 20 Ch
Evaporation record 20 Ch

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 cre- |
ate a new entry
form do the fol-

lowing. Figure 18-5

18-3
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1. Select Tools from the Main menu.

2. Select Data Entry Forms Editor. Notice the last row,
User Data, Figure 18-6.

Customization Help
Data Structure Design

Data Entry Forms Editor Master Data

Report Forms Editor Chemistry
- Pumping Tests
Units Hydrographs
Well Log

Step Drawdown Test
Grain Size Curve
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 which applications you have cre-
ated by making new file structures. In this case only
one application will be listed with the name Precipi-
tation as shown in Figure 18-7.

Enter user file name

[Precipitation |

Figure 18-7

4. Select Precipitation from the list of user-defined appli-
cations.

18-4
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18-5

5. Now you may create a new entry form using any of
data fields displayed in the left-side window. The
single fields are shown in Figure 18-8. The creation of
entry forms is explained in details in Chapter 3.

Single Fields

Well Ident

Rainfall
Evaporation

Serial

Tipo

Comentario
Rainfall record
Evaporation record
Description

District
Locality

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 create one or more reporting forms.

1. 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 »

Repo 0 0 Master Data

Units Chemistry

18.3.
APPLICATION’S
CONTENT

18-6

Pumping Tests
Hydrographs

Yell Log

Step Drawdown Test
Grain Size Curve

Map

Cross Section
Nonstandard Reports
User Data : -

v v Vv Vv.Wwv Wwv

Single Record Report |
Table Report

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. Create a report form as 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 dick on Precipitation and confirm the selec-
tion by dlicking on OK, the display is as shown in Figure
18-11. The User’s application main menu is comprised of
the following major options:
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Comentario
Elininada Enero 1991

Raintall mcond . Evaporaton record

1982-1991 1982-1991

Figure 18-11 -

¢ Data
* Units
* Report
* Make Random
* Load Map " -
* Help.

The Entry form is the GWW's default form.
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18.3.1. Data

18.3.2. Units

18.3.3. Report
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The following options are available on the Data sub-
menu:

Select Working Set. This is explained in Chapter 5, sec-

tion 5.3. -

Delete record. This is used to delete an entire record

-from the data base. However, deleting a well from the

UserData application will not delete this well from the
data base, if the same well is used in some 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 Windows routine which displays the dia-
logue box of the printer driver that you have selected to
be the default printer in Control Panel of the Windows
Main Menu.

Exit. Selecting this option or pressing ALT+F4 will termi-
nate the work in this application and return you to the
GWW main menu.

You may view or modify currently selected units. The
dialogue box as displayed in Figure 18-12 will be
opened.

The following options are available on the Report sub-
menu:
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18.3.4. Make Random
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Current Settings Setect
m
Evaporation {mm]
X [m}
Y [m]
Z [m]
ZM [m]
* Print Report

e Select Table Form
* Select Record Form

The differences between these options are explained in
Chapter 6, section 6.4.3.

This option is discussed in Chapter 5, section 5.6. Itis one
of the most important options provided in the user-de-
fined applications. Using this option you will create an’
internal 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.

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

18.3.6. Help

18.4. USING STORED
DATA TO CREATE
THEMATIC MAPS
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This option, which is discussed
in Chapter 5, section 5.3.2, is also
one of the important features of
the GWW system. It permits you
to reduce a large set of data
(wells, samples, stations) to a
smaller set directly from the
map.

This is a context-sensitive help
which contains most of the ex-
planations, procedures and rou-

Rainfall

Evaporation

ErE St AT
Py pa et
L P! il

tines that are applicable to the user data application.

After rainfall data, e.g., are entered and a random model
created using the data entry Rainfall, you may use the
Mapping application to create two maps: (1) Location
map showing locations of meteorological stations and
their names (see Figure 18-14), and (2) Contour map of
average annual rainfall expressed in mm/ year (see Fig-

ure 18-15).

Figu
18-
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19.1

INTRODUCTION
19.1.1. General

SERIES

" 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

T case.

The data base is in a form of individual tables; one for a
well, plus some general information that may also be a
part of the data base. The display is user-designable. You
decide whether you wish to display one or more con-
stituents on the same diagram, whether you wish to use
bar or 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 ~ Asshownin Figure 19-2, the Concentration-Depth appli-

Content

-19-1

cation is comprised of the following major options:
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Figure 19-2

* Data

» Tables

* Log Design

* Display

* Reports

* Options

* Map

* Make Random
* Help

Prior to using this application you must modify the file
structure for "concentration - depth series” to make it

19-2
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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 activates the file
structure editor. Select Files, followed by Old. From the
list of internal data structures select the one labeled
Chem_Conc_Depth_Tab. In the default template,
GWW.000, which comes on the distribution diskette, the
only entry that is prepared is Depth. Using the editor cre-
ate your own list of chemical constituents that you wish
to store in the data base. One of such lists is shown below.

Depth 10 Num(Dim) Fixed 2 m
cl 10 Num(Und) Fixed 2
Na 10 Num(Und) Fixed 2
TDS 10 Num(Und) Fixed 1

Conductivity 10 Num(Und) Float 1

Asitis 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

General Data !.!rlhs
Select Entry Form
Delete Record

Standard ASCIE Jnput
Standard ASCIl Quiput

‘Primer Setup
Exit T ARFa

U Er Radtumoa Obs
¥ g
2992593 28.7

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-
lete a record. You may read general data on sampled
wells {coordinates, elevations, descriptions, names, etc.)
from an ASCII file, or you may save such data to an AS-
CII file. This menu deals with wells and not with tables.
A table 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-

Exit [don't save) Cukx

s|e|ojolo]ole
| ol ofo]o]|ojo
h
L]

Figure 19-4

move some 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-concentration data) and/or import them as AS-
CII files:

The Log Design menu is shown in Figure 19-5. The com-

e E ChEmisty - ConcentationDepth TeAThoniN
Qa-la Jables QRTNISIIE Digpiay Reports Q_p‘lions Lo
New 1 0g Diesign

Qid Log Design B eyt

EdN Log Design - Chemistry We

Save Log Design periton

Save Log Design As... U Br Racdhn
X ¥ z .

460330 2082593

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 some 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 vert-
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. 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 19-6. Using the
commands on this menu, you may print a graph, or save
it for future printing, or mixing with other graphs.

R e MtV S Conceatraton/D EpttL eABantatnit

ables Log Design Digplay Bl gpti}zhs "l‘.o
[J 0 1 ra
f5 Print Record Data
Save Drawing
Wel dent Print Nonstandard Re
Umn Er Radhu
Figure 19-6

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
for which conversion factors are available in the auxil-
iary file PPMTOEPM.TBL.
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19.2. DATA MENU

19.3. TABLES MENU

19.3.1. Edit Table
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The Map menu is explained in Chapter 5, Section 5.3.2.
It is used to load a map and select sampled points di-
rectly from the map.

The Make Random menu is also explained in details in
Chapter 5, Section 5.6. It will be used for creating location
or site maps showing sampling points at which depth-
variable chemical data are available.

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.

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 import an already created
table as an AS(CTI file, one for a sample, or you may use
the GWW editor.

When you select the Edit Table command for a new sam-
ple, the editor displays an empty table listing all con-
stituents that you have listed in the Data Structure on the
Tools menu. In the case of only four constituents selected
(Na, Cl, TDS, and Conductivity), the table may look as
shown in Figure 19-7. If you are going to edit an existing
table filled with data, the display may look as shown in
Figure 19-8.
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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 insert a 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 have two ways to do it. The firstis to
press the Ctrl key and simultaneously press the X key.

19-7
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19.3.4. Standard -
ASCII Input and
Output
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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> <CI> <Na> <TDS5> <Conductivity>
190.00 12200 6300 22600 29800
240.00 24300 12500 40000 51200
290.00 39300 20000 64500 73500

The first line is the header line which tells GWW what
are the numbers that follow. As in any other part of
GWW, you must be consistent in declaring the field
names (Depth, (I, 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 or a spread-
sheet program. (If you use spreadsheets, you must print
such tables to a file. Spreadsheet program creates nor-
mally ASCII files, which then can be directly imported
into GWW.)

Using the command Standard ASCII Output you are
saving the data tables in ASCH format, such as the one
shown above.
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19.3.5. Depth Units

19.4. LOG DESIGN
MENU

19.4.1. New Log Design
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The units for depth are normally specified in Data Struc-
ture, in internal file Chem_Conc_Depth_Tab. However,
you may change the units from within the application,
using the command Depth Units.

On this menu you have five options:

* New Log Design
Old Log Design
Edit Log Design

Save Log Design

Save Log Design As

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.

When you select New Log Design GWW opens a dia-
logue box as shown in Figure 19-9. Some 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 level,
and scale of the graph. The right side of the dialogue lists
all available constituents (taken from Data Structure or
from the internal file Chem_Conc_Depth_Tab). You may
select one or more constituents to display, and by click-
ing on the button Attributes control how each constitu-
ent will be presented.
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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 vatues 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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19.4.2. Attributes
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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 refers to the
width of vertical columns in which Depth and Level val-

. ues are displayed. The default is 15 mm.

Plot ... The graph is designed to plot either Depth or
Level axes on the left and the right. You may control
whether you wish to plot one, both, or none (?) ordinate
axes, and where you will place the depth or level axis, to
the left or to the right side of the graph.

When you select a constituent or-a chemical diagram pa-
rameter, you may control the way in which this particu-
lar constituent or parameter will be displayed. You will
use the button Attributes. The dialogue box as shown in
Figure 19-10 will be opened.

Ch ,
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y nnta Tables j.ngDessgn Digplay Reports Qptions Load Map Make Random

Help
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Scale Col
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X Piot @ Depth {|& Pif [Extreme Values
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Chemical Weil Log
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Figure 19-10
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19.4.3. Old Log Design

‘of all avail- Cond_CI_Na_TDS
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The entry "Column Heading" will offer the name of the
constituent as found in the internal file
Chem_Conc_Depth_Tab. However, you may override
this offer and type a different name (e.g. in another lan-

guage).
The options for column and graph width allow you to

‘increase or reduce the size of vertical columns in which

data (concentrations of a constituent) and graph (its
graphical presentation) are displayed. While you may
select the width for data, you are advised to keep the box
Auto Size checked. GWW will then automatically select
the size for the column in which the graph is displayed.

The Graph Type option allows you to select either line
or bar graph. The Axis Type option allows you to display
data as linear or logarithmic series. The Extreme Values
(minimum 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 youmay create 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 De- § l
sign, the list

Conductivity
able designs

will Dbe
listed, as
shown in
Figure 19-11.

Figure 19-11
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19.4.4. Save Log

Design and Save Log

Design As

19.4.5. Edit Log Design

19.5. DISPLAY

19.6. REPORTS

- 19-13

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.

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 have created a new design.

Figure 19-12 displays a graph with conductivity as the
only parameter selected. Figure 19-13 displays a graph
with four different constituents and /or parameters.

You may print a depth-concentration graph using the

option Report from the application’s menu bar. As
shown in Figure 19-14 you will have to select 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
information, in a tabular form, for all wells/samples that
comprise the current working set. The information
which will be printed will depend on what you have de-
clared in the report form. When you select to print using
one of options in the upper two lines of the menu, the
program will prompt you to select a reporting form.
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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, you need,
prior to importing ASCTI 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:

1. Select Options and select Show EPM values.
2. Select Table and select Standard ASCII Input.
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19.8.1. Select Working

19.8. MAP

,Set from Map

19.9. To Setup a
Printer
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The Load Map option is a general option for selecting
wells to make a Working Set of wells.

The sequence is normally:

1. 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 meriu. 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 Windows, prior to running the
GWW program. To do this:

1. 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 some more printers to match your hardware.

4. Select Setup and modify whatever you want to mod-
ify. ‘

5. Click on Set as 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,
number of copies, colors for a color printer, and many
more. You cannot change the default printer!

The dialogue box for selecting printer parameters is
shown in Figure 19-15 for Hewlett Packard Laserjet
4/4M printer.

[‘Media Orientat
. A4 210 x 297 mm
PaperSize: | ks @ @ Popuralt
PoperSource:  |Auto Select 53 O Lendscape
Copies: B ‘
Printer Rescluti i Cartridges/SiMMs |
None [«
Cg0odpl @ 300 dpi > MicTosott 1A P
HP: Bar Codes & Mare g
_ —_—— HP: Forms, Etc.
e Memory _ HP: Global Text ]
Page Protection: [ﬁ
3
Memory (MB): O TrueType Screen Fonts Instalicd

Figure 19-15
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EXAMPLE

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 | Phencl | Benzene
5 0 0 0
10 50 25 125
15 100 65 120
20 1000 75 70
25 155 25 0
30 0 0 0

Since the range of toluene is from 0 to 1000, you may
select to display toluene in logarithmic scale, and the
other two linearly.

1.To start with, from the GWW Main menu you will click
on Tools, followed by Data Structure Design.

2.Wait until the new menu bar is displayed. Select File,
then Old. Locate the internal file titled

Chem_Conc_Depth_Tab.

3.Notice that there is only one entry, Depth. If you are
working in feet system, you may want to replace the
default unit for length, which is meter for foot.
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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 digits, fixed
-point arithmetics). Notice that Toluene is displayed
in the list of constituents.

5.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.

Data Items
bepch 10 Num (Dim) Fixed 2 m
Taluane 10 Num (Und) Fixed 2
2

Fhanol 10 Num (Und) Fixed

il

Figure 19-16

7.Close the dialogue box by selecting OK, select File and
Exit. The new data structure for depth-concentration
is created.

8.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-
putby pressing Page Down key once to complete the
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entry, and second time to highlight this well and
make it active. Alternatively select this well using the
mouse.

11.Select Tables and click on Edit table. The display will
be as shown in Figure 19-17. There will be four col-
umns (Depth, Toluene, Phenol, Benzene), each with

MW-1 Chemical Constituents
Sy it SRR - s T e

Figure 19-17

a 0.00 value. Fill in the values as prepared for this
example. The table will look as shown in Figure 19-
18. ‘

12.When you finish typing, leave the cursor in the last
typed row, that is depth 30, in the fourth column, and

Figure 19-18

press the combination Ctrl S. (Alternatively, you may
click on Tables, and then on Save.)

13.Now you will create 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
on OK.

15.Now you may see immediately the graph. Click on
Display. The default parameters are used to display
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this graph. The display is as shown in Figure 19-20.
Click on the button Close to remove this graph.
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Figure 19-20
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16.Modify the graph design. Select Log Design, then

Edit Log Design. Click on Toluene on the right side
of the dialogue box. The constituent Toluene will be
highlighted. Now click on the button Attributes. In
the new dialogue box check the field Logarithmic,
and in the boxes Minimum 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.

Depth Elrw,

I
1%

19-22

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.
TOGENERS
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Figure 19-22

19.Close the display, exit the application, and exit GWW.

This ends this example.

19-23
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CHAPTER TWENTY CONCENTRATION-TIME

20.1 _ INTRODUCTION _

20.1.1. General

. 20-1

SERIES

S

Using this application you may create a data base with
various chemical constituents related to the time of sam-
pling. This is especially important in cases when the
sampling is repeated over a period of time, which is
often the case in monitoring the propagation of contami-
nation, or deterioration of ground water quality with
time. Likewise in saline water environments such as in
coastal aquifers, the sea water intrusion may take place
after a prolonged pumping.

The data base is in a form of individual tables, one for a
well, plus some general information that may also be a
part of the data base. The display is user-designable. You
decide whether you wish to display one or more con-
stituents on the same diagram, and whether the scale-
will be linear of logarithmic. You may display one or
more constituents as linear graphs, and another as loga-
rithmic. That is, each constituent may be assigned its
own attributes for presentation.

As in other parts of GWW, you may create graphs and
save them for later printing. ‘

This application is a part of the Chemistry application.
Actually it brariches off from Chemistry as shown in Fig-
ure 20-1. To activate it, you should select Applications,
then Chemistry, and then Concentration-Time.
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CONCENTRATION-TIME SERIES

20.1.2. Application’s

Content

= 76% B8061K Free B3
Applications

Chemistry

Mapping
Well Log

Pumping Tests
Hydrographs

Cross Section
Fence Diagrams
Step Drawdown Test
Grain Size Curve

Customization Help

Tools

Samples
Concentration - Depth
Concentration - Time

User Data

Miscellaneous

Figure 20-1

As shown in Figure 20-2, the Concentration-Time appli-
cation is comprised of the following major options:

interpolation Help

o8

“Dota Jobles LogDesign Digplay Beports Qptions  Load Map - Make Bandom

00

20-2

® Data

* Tables

* Log Design
* Display

* Reports

¢ Options

Chem Conc Time

Figure 20-2
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20-3

¢ Load Map'

¢ Make Random

¢ Interpolation

* Help-
Prior to using this application you must modify the file
structure for "concentration - time series” to make it com-

patible with the parameters that you wish to store, dis-
play, and retrieve as reports.

From the 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

a s Chem_Conc_Time_Tab. In the default template,
GWW.000, which comes on the distribution diskette, the
only entry that is prepared is Date. Using the editor cre-
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
c , 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. = 76% BUATK Free Joyeastrafimiiny

[EIEN Tables Log Design Digplay
Select \Working Set

General Dats Units

- , Working Jime Interval
The Data ménu is Selcct Entry Form
shown in Figure 20-3. Delete Record CtriD
In this menu you se- Standard ASCI! Input
lect your current Standard ASCl Qutput
working set (reduce a Printer Setp
large set to a smaller, Exht AltF4
thematic set). You may Figure 20-3
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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 have eventually cre-

ated. Youmay also delete a record. You may read general
data on sampled wells {coordinates, elevations, descrip-
tions, names, etc.) from an ASCII file, or you may save
such data to an ASCII file. This menu deals with wells
and not with tables. A table is the place in which you type
chemical constituents as a function of time. This latter is
done using the menu Tables. On this submenu you will
select the Time Interval in which you wish to display the
data. That is to say, you may 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-

N T LTI TG G ree nizationgtima :
Data RELINA Log Design  Digplay Reports Qptions Load Me
[LIE)  Edit Table

ry.Concentratior

Khobar Aquifar Obx

Table Standard ASCH lnput z
Table Standard ASCH Qutput 896200 2.8
Figure 20-4

move some 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 ASCII 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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CT168901 X v z
g g:;gg 314780 2091770 11
CT17R904

Figure 20-5

although you may have entered the values for Na, Cl,
TDS, and conductivity, you may decide to display
and /or report only total dissolved solids. Second, you
may assign some attributes to the constituents to be dis-
played: line and fill color, linear or logarithmic display,
minimum and maximum concentrations to display, etc.
You may also control widths of individual columns used
to display constituents.

NOTE. The control of fonts used to label a graph is accom-
plished from Customization, which is one of commands on the
Main menu of GWW. -

On this current menu you design a "display” log, you
edit it, save it, or select one of available designs.

The command Display does not have any other sub-
commands. It does what it says. It displays a graph with
data from table connected to a currently highlighted
sample, using the design for the graph as currently se-
lected.

The Reports menu is shown in Figure 20-6. Using the
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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20.2. DATA MENU

20-6
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Figure 20-6

for which conversion factors are available in the auxil-
tary file PPMTOEPM.TBL.

The Map menu is explained in Chapter 5, Section 5.3.2.
It is used to load a map and select sampled points di-
rectly from the map.

The Make Random menu is also explained in details in
Chapter 5, Section 5.6. It will be used for creating location
or site maps showing sampling points at which time-
variable chemical data are available.

The routines on this menu are equivalent to similar rou-
tines in other applications. See, for example, Hy-
drographs application, especially for selecting the
Working Time Interval.

NOTE. Remember that the currently selected Working Time
Interval is displayed in the title bar next to the name of the data
base file.
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20.3. TABLES MENU

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 listing all con-
stituents that you have listed in the Data Structure on the
Tools menu. In the case when only three constituents are
selected (say, EC, NO3, and NO2), 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 20-8

To edit data, you use standard GWW commands: TAB to
move from one field to next, Shift+TAB to move back-
wards, CTRL+! to insert a 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
later.

20-7
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20.3.2. Save Data

20.3.3. Exit without

saving

20.3.4. Standard
ASCII Input and
Output

20-8

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.

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 Ctr] 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 33000 40100
1983/08/04 468.0 188.0 2100.0  2550.0

The first line is the header line which tells GWW what
are the numbers that follow. As in any other part of
GWW, you must be consistent in declaring the field
names (time, Cl, etc.). These must be typed exactly the
same as they are typed in Data Structure (in
Chem_Conc_Time_Tab). The first entry is the date and
time. You supply the format of data input
(yyyy/min/dd), which you must follow in the data be-
low the header line. You may reverse the order of "date”
input to one of date formats that are acceptable in GWW."
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20.4. LOG DESIGN
- MENU

20.4.1. New Log Design

20-9

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 or a spread-
sheet program. (If you use spreadsheets, you must print
such tables to a file. Any spreadsheet program, when in-
structed, creates normally ASCII files, which then can be
directly imported into GWW.)

Using the command Standard ASCII Output you are
saving the data tables in ASCII format, such as the one
shown above.

On this menu you have five options:

New Log Design
Old Log Design
Edit Log Design
Save Log Design

Save Log Design As

After you have created data table you will want to dis-
play graphs showing how concentration of one or more
constituents changes with time. Before you can display a
graph, you need to create, modify or edit the design of
such presentation. The "Log Design” is used in other
parts of GWW implying a vertical presentation of data.
Here, it implies a "diagram" design of chemical data
presentation with time.

When you select New Log Design GWW opens a dia-
logue box as shown in Figure 20-9. The right side of the



CHAPTER 20 CONCENTRATION-TIME SERIES

20.4.2. Attributes

20-10

dialogue lists all available constituents (taken from Data
Structure or from the internal 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
[EC EC
NO3 NO3
NO2 NO2

Figure 20-9

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.

When you select a constituent or a chemical diagram pa-
rameter, you may control the way in which this particu-
lar constituent or parameter will be displayed. You will
use the button Attributes. The dialogue box as shown in
Figure 20-10 will be opened.

The entry "Column Heading" will offer the name of the
constituent as found in the internal file
Chem_Conc_Time_Tab. However, you may override this
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20.4.3. Old Log Design

20-11

offer and type a different name (e.g. in another lan-
guage).

Column Atiributes
Column Heading [XXIERTOMEN |

r Column Width [mm]
Data[15_|  Graph R Auto Size

rGraph Type ] [Axis Type
@ Line O Bar l-@ Linear O Log

rExtreme Values

Minimum [0 ] uaxi;numD

Figure 20-10

The options for column and graph width allow you to
increase or reduce the size of vertical columns in which
data (concentrations of a constituent) and graph (its
graphical presentation) are displayed. While you may
select the width for data, you are advised to keep the box
Auto Size checked. GWW will then automatically select:
the size for the column in which the graph is displayed.

The Axis Type option allows you to display data as lin-
ear or logarithmic series. The Extreme Values (minimum
and maximum) option lets you select the range of con-
centration you wish to display.

For each constituent you may select color for lines and
for fills.

+

Since you may create 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
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20.4.4. Save Log
Design and Save Log
Design As

20.4.5. Edit Log Design

A

20.5. DISPLAY

20-12

list of all available designs will be listed, as shown in Fig-
ure 20-11. ‘

I |

EC-NO3-NQ2
TDS-Na-Cl-Bcnzenc

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 cld name.

You may save a design under a different name. For this
you will use the option Save Log Design As.

The same dialogue box as the shown in Figure 20-9 will
be displayed and you may proceed with its editing in the
same way in which you have created a new design.

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

Figure 20-13

20-13
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20.6. REPORTS

20-14

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-concentration graph using the op-
tion Report from the application’s menu bar. As shown
in Figure 20-14 you will have to select between two re-
porting options:

Data Tabies
|Interpolation  Hel
22122

T149102
T158901

Print Nonstandard Repo

T159201
T168301
T169103

A z
314780 2091770 1181

T178903
T17R9N4

Figure 20-14

* Print Working Set
¢ Print Record Data

The option Print Drawing will print the graph of the
sample currently selected. The option Print Working Set
will print information, in a tabular form, for all
wells/samples that comprise the current working set.
The information which will be printed will depend on
what you have declared in the report form. When you
select to print using one of options in the upper two lines
of the menu, the program will prompt you to select a
reporting form.
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20.7. OPTIONS

20.8. LOAD MAP

20-15

You may also save a time-concentration graph for plac-
ing it on a nonstandard reporting form, eventually
mixed with other graphics. For this, you use Save Draw-
ing option, followed by Print Nonstandard Report from
this or another application.

Using this 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, youneed,
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:.

1. Select Options and select Show EPM values.
2. Select Table and select Standard ASCII 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:
Set from Map

1. 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 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 should close the area (End
Point) followed by End Digitizing button. The wells
(samples) will be listed in the left-side identification
window.

20.9. To Setup a
Printer

Selection of printers and attributes related to printing is
normally a Windows operation. You may set up your
printer parameters from Windows, prior to running the
GWW program. To do this:

1. From Main Group select Control Panel.
v 2. Select Printers.

3. Select one of installed printers as a default printer, or
add some more printers to match your hardware.

4. Select Setup and modify whatever you want to mod-

5. Click on Set as default.

6. Close Printers and Control Panel.

20-16
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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 cannot change the default printer!

The dialogue box for selecting printer parameters is
shown in Figure 20-15 for Hewlett Packard Laserjet
4/4M printer.

Media Orentation——————
PaperSize: (ALERATR I ] @ Poptrait
Paper Source: |Auto Select H @ O Landscape
Copics: [:E

[ Printer Resolution——————— FCam-idgesfSlMMs

None

|Z Microsoft 1A
HP: Bar Codes & More
HP: Forms, Etc.

HP: Giobal Text

Ceoodpi @ 300 dpi

[Printer Memory

Page Protection: 144

Memory [MB): O TrueType Screen Fonts Instailed .

Figure 20-15

20.10. Interpolation

Same as in the Hydrographs application, you may create
a random data file to be used to create a grid file and a
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

20-17
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20-18

in Figure 20-16. Select Interpolate. The dialogue box as
shown in Figure 20-17 opens prompting you for the year,
month, and day for which you wish GWW to interpolate

Data Jabies Leg Design
Interpolation gulJ}]

Figure 20-16 . 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 cre-
ate a random file. (Re-
member that you need
to have X and Y coordi-
nates for all wells/sam-
ples in the data base. '
The random file con-
sists of the following
columns: X, Y, concen-
tration at a certain date, Figure 20-18
well identification.) *

You may also select a "connection span”, which is the
maximum number of days that you allow to elapse if the
two successive values are to be connected.
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- EXAMPLE

. In the following example you will create data structure,
- use the default entry form supplied by GWW, and enter
- data with the following time-dependent constituents:

Na, C], 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

1.To start with, from the GWW Main menu you will click
on Tools, followed by Data Structure Design.

2.Wait until the new menu bar is displayed. Select File,
then Old. Locate the internal 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.

5.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 1. The list should now
contain 5 parameters as shown in Figure 20-19.

Data hems
Rate B Race  mm/dd)
cl 10 Num(Und) Fixwed 2
Ha . 10 Rum (Uad) Faiixad 2
TDS 10 Num{Und} Floatc 1
Conductivity 10 Num(Und} Floac 1

.i-.'g"(?.fl:z

Figure 20-19

7.Close the dialogue box by selecting OK, select File and
Exit. The new data structure for the time-concentra-
tion portion of the data base is created.

8.Click on Applications on the GWW Main menu, then
on Chemistry, and then on Concentration - Time.

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 humber, 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.

be as shown in Figure 20-20. There will be five col-

. 11.Select Tables and click on Edit table. The display will.

—
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MW-1 Chemical Constituents
i i : +F =

z 3
ALED) wlaiceepizn

Figure 20-20,

umns (Time, Na, Cl, TDS, and Conductivity), each
with an empty field. GWW automatically create an
entry field for hour and minutes, which you may ig-.
nore. The noon time will be automatically assumed.
Fill in the values as prepared for this example. The
table will look as shown in Figure 20-21.

';

_ R onabcthiN
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1 12 : [
1 12 :
1 12
1 12:
1
=

12
12

olololelolo

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/Time
order!, and will place the

cursor in the line that 15—
Flelds Selected

out of the time sequence.

13.Now you will create your| |Cenductivy Canductivity
own log design. Select
Log Design on the menu
bar. Select New Log De-
sign. The screen will dis-

play four constituents as
"selected fields", as
shown in Figure 20-22.
Since you will accept the

Figure 20-22

20-21
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20-22

defaults, click on OK to close this dialogue box.

14.Now you may see immediately the graph. Click on
Display. The default parameters are used to display
this graph. The display is as shown in Figure 20-23.
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Figure 20-23

Click on the button Close to remove this graph.

15.Modify the graph design. Select Log Design, then
Edit Log Design. Click on TDS on the right side of
the dialogue box. The constituent TDS will be high-
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lighted. Now dlick on the button Attributes. In the
new dialogue box in boxes for Minimum and Maxi-

mum

type 1000 and 5000, respectively. Click also on

Fill color and select a color. Now replace the word
TDS in Column Heading box with TDS in ppm. Click
on OK to close the Attributes dialogue, and again on
OK to close the Log Design dialogue.

16.Select Display again. The screen looks as shown in

Conduclinly

L
Touey

300
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Figure 20-24

Figure 20-24. Save this log design. Close the display.
Select Log Design, followed by Save Log De51gn As.
Type a name for this design.
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17.The task now is to have only TDS displayed and/or
printed. Select Log Design, then Edit Log Design.
Highlight Na and click on Del. Repeat the same with
Cl and Conductivity. Only TDS remains in the "se-
lected” list. Highlight TDS and click on Attributes.
Notice that the width of the graph field is still 25 mm.
Close this dialogue, close the log design editing dia-
logue, and display the graph by selecting Display.

IR RSN N1

wm fwzolwee | [wio | we
BS54 | 6LA | 0T34 § 0384 | B4 | W84

e

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

20-24
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Auto Size box checked, close this display, and select
Edit Log Design again. Highlight TDS, select Attrib-
utes, and notice the new size, something like 144
mm. -

L
oS L

L] ot

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. -

20-25
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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
GWWEXE):

o GWW.EXE

¢ MASFILE.EXE
e FORMED.EXE
e EDFCEXE

e UNITS.EXE .
¢ CHEM.EXE

¢ CHEMT.EXE
CHEMW.EXE
HG.EXE
LITH.EXE
XSECT.EXE

» MAPEXE
e PUMP.EXE

o MISC.EXE .

e GSC.EXE

¢ SDDT.EXE

e UFILE.EXE

¢ XSMD.EXE



A-2 LIST OF FILES

(b) Help Files:

¢ PUMPHLP
XSECT.HLP
HYDRO.HLP
FORMED HLP
GWW.HLP
GSCHLP
SDDT.HLP
EDFC.HLP
CHEM.HLP
CHEMT.HLP
CHEMW.HLP
UNITHLP
MAPHLP
MASTER HLP
LITHHLP
UFILE.HLP
XSMOD.HLP
MISCHLP .

(¢} Various Auxilliary Files:

. PPMTOEPM.TBL
e SCREEN.DLT

e LITHDLT

¢ ANNULUS.DLT

AY

~ (d) GWW Data Base Template:
e GWW.000
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- Elevation Contours of Limestone-Dolomite Bedrock (ft AMSL)
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Well ldent STIFF Diagram . I

Name Type

MW-6

Milliequivalents per liter
5 4 3 2

Ca HCO,;+CO,
Mg SO,
Na+K Cl

NO,

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
HCO3 co3 S04 Ci NO3
Milliequivalents per liter | 2.61994 0.03997 0.08012
Milligrams per liter 159.85 1.92 2.84
BOD COD Diss. Oxygen |- F B Sio2
TDS Hardness Alkalinity Conductivity pH SAR
213.00 250.00 6.90 0.6297
Cations (epm) | Anions (epm)
I . ,
Water Type Magnesium Bicarbonate I 2.79 2.74
Error Balance (%

Aguifer 0.90




' Piper Diagram I

Plper Diagram

100

Ca+Mg

CO,+HCO,

CATIONS _ ANIONS

MW-1
MW-2

MW-4
MW.-5
MW-6

(- QSR PR SR




Wilcox Diagram I

wilcox Diagram

Sodium
(alkali)
Hazard 100 500 1000 5000
T T T TTT 11 T T |
Very 30 -130
* High
S4 28 -

26
24
22
20

High
83

> _\\\ &
Medium | & ; \ l
T

"SAR

12
10

Low 6 T
Sl 4 \ R
F 2 s \_
- 3
¢l 2 0
100 25U LY 2230
Conductivity {micromhos/cm at 25 °C)
Cl Ccz C3 C4
Low Medium High Very High
Salinity Hazard
1 MW-1
2 MW-2
3 MW-3
4 MW-4
5 MW-5
6 MW-6




Schoeller Diagram

Schoeller Diagram
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- /CONCENTRATION,-DEPTHSERIES -/

Well Ident
. Name
MW-1 Monitoring well in Corozo Pando
Easting (X) Northing (Y) Ground Surf. Elev. (Z) | Meas. Point Elev. (Zm)
150 150 85.00 86.00
TDS in ppm
Depth Level
[feet] [feet]
= bk ek =k = PPN NP WOW D0 S B b B BT
g 8533585888 BEERE8E885882
E E 80
103 3
1 305.00 =70
203 E
3 310.0 3
1 350.00 —60
303 3
3 450.00 3
1 350.00 50
403 E
3 40
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Well ldent

MW-1

Pumping Test

Name

Monitoring well in Corozo Pando

Obs. Well Distance [fi]
1.00

Average Pump. Rate [gpm]
300.00

Duration [min]
6870.0

Initial Sat. Thickness [fi]

Results

Transmissivity {gpd/t]
21467

Storage Coefficient Leakance [1/day]

36.634

Estimation Error [ft]
0.35

Fit Method

Hantush Method
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Pumping Test
Well Ident
Name
MW-6
Obs. Well Distance [ft] Average Pump. Rate {gpm] | Duration [min] Initial Sat. Thickness [f
1.00 . 72.000 :
Results
Transmissivity [gpd/it] Storage Coefficient Leakance [1/day] Estimation Error [ft]
11398 14.387 0.53
Fit Method Hantush Method




| Hydrograph I

Well Ident
Name
MW-1 Monitoring well in Corozo Pando
Easting (ft) Northing (ft) Ground Surf, Elev. (ft amsl) Meas.Pt.Elev. (ft ams!)
150 ‘ 1590 85.00 86.00
Aquifer
Depth [feet] MW-1 Level [feet]
1.0
" 12f Vi la4.8
1.4} — 846
1.6k // : > 184.4
181 184.2
o \ \-|. E
2.0 My 84.0
i ™S i
2.2 sy 83.8
2.4] \ / 183.6
2.6| / 183.4
2.8] \ -/ 832
3.0[- 183.0
2f o ‘ ls2.8
3. 1 2 3 4 5 6 7 8 9 10 11 12 *




’ ©
feet 190 o Cross Section A-A' 2 {10 e
AL DOLOMITE i

140 140

130 130

120 120

110 110

100 100
60 90
20 80
20 70
60 80
50 50
40 40
30 30
20 20
10 Bar diagrams indicate TDS inppm.  [ff : i :w 10

0 The range is from 0 to 450 ppm. & I 0

10 10

2 2100.8
feet 210.6 . 965.3 feet




-Ground Water for Windows (GWW) ... Example
' TASK S |

LY

Dy -

1. Create a ground water data base with 6 wells. Each well has data on location, drilling
(lithology and construction), chemistry (time series and depth-related); each well was
pump tested; each well has one-year water level record.

2. Create contour maps for the following “_pﬁ*z_irameters:

Ground Surface Elevation

Total Dissolved Solids in ppm (TDS)

Contact boundary between Quaternary clay and sand (overburden) and underlying
bedrock (limestone and dolomite). .

Piezometric surface on 12 June 1994.

Transmissivity from pumping tests.

3. Create lithostratigraphic cross section connecting wells MW-1 and MW-2, with/without
well construction details and with TDS as-a function of depth.

4. Interpret pumping tests using the Theis and Hantush methods.

5. Create a fence diagram with all 6 wells. Connect various lithologic units and fill in with
colored pattern.

-

INPUT DATA
Master Data

<Well Ident> <X> <Y> <Z> <ZM>
MW-1 150 150 85.00 86.00
MW-2 800 250 92.00 93.00
MW-3 1800 200 87.00 88.00
Mw-4 300 750 110.00 111.00
MW-5 1000 650 120.00 121.00
MW-6 1900 900 145.00 146.00

HINT. You have two ways to input general/location data into GWW. ‘The first way is to create
an ASCII file such as above and import as Standard ASCII Input into Master application. The
second way is to type the data directly into the GWW-created data base.



Chemical Data (Samples) p

<Well Ident> <Ca> <Mg> <Na> <K> <HCO3> <S04> <Cl> <TDS> <Conductivity> <pH>
MW-1 1323 2030 1977 117 13179 005 425 21800 270.00 830
MW-2 1283 2188 2391 235 20683 005 284 27200 320.00 7.00
MW-3 1764 2067 2989 039 22392 192 284 29900 350.00 7.10
Mw4 1523 1763 1287 078 16290 480 177 218.00 280.00 7.30
MW-5 1202 3647 460 059 23795 096 071 229.00 270.00 7.50
MW-6 1603 16.17 1494 039 15985 192 284 213.00 250.00 6.90

HINT. Same as for Master Data, you may'-ihput data either by creating first an ASCII file as
the one above, or by typing the data directly into the GWW-created data base.

Chemical Data (Depth-related

MW-1 MW-2 MW-3 MW4 MW-5 MW-6
<Depth> <TDS> <Depth> <TDS> <Depth> <IDS> <Depth> <TDS> <Depth> <TDS> <Depth> <TDS>
15 300 20 250 22 280 25 290 25 250 20 250
20 305 25 320 30 330 30 320 30 400 25 300
25 310 30 400 35 400 35 38 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
40 350 45 280 S50 290 50 380 50 450 45 350
50 320

Chemical Data (Time Series)

MW-1
<yyyy/mm/dd> <TDS>
1994/02/15 250
1994/03/12 320
1994/03/28 330
1994/04/16 380
1994/05/22 420
1994/06/18 390
1994/07/21 350
1994/08/29 420
1994/09/17 380
1994/10/15 320
1994/11/07 300
1994/12/12 280



Lithologic Data

The data are contained in an ASCII 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 (CLAY, SAND, LIME, 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 12.00

40.00 8.00

70.00 4.00
CASING:

20.00 8.00

38.00 5.00
SCREEN:

23.00 38.00
ANNULUS:

20.00 CEMENT

38.00 PACK

70.00 OPEN
WELL: MW-4
LITH:

20.00 CLAY

35.00 SAND

60.00 LIME

80.00 DOLO
HOLE:

20.00 14.00

38.00 12.00

80.00 4.00
CASING:

20.00 13.00

35.00 8.00
SCREEN:

22.00 35.00
ANNULUS:

20.00 CEMENT

35.00 PACK

80.00 OPEN
WELL: MW-5
LITH:

22.00 CLAY

40.00 SAND

65.00 LIME



120.00 DOLO

HOLE:
22.00 14.00
120.00 8.00
CASING:
22.00 12.00
42.00 4.00
SCREEN:
25.00 41.00
ANNULUS:
22000 CEMENT
42.00 PACK
120.00 OPEN
WELL: MW-6
LITH:
30.00 CLAY
60.00 SAND
75.00 LIME
150.00 DOLO
HOLE:
30.00 14.00-
150.00 6.00
CASING:
29.00 12.00
60.00 6.00
SCREEN:
32.00 60.00
ANNULUS:
30.00 CEMENT
60.00 PACK
150.00 OPEN

Pumping Test Data

MW-1 (constant rate test: drawdown and recovery lumped 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



180.00
240.00
300.00
360.00
420.00
540.00
660.00
870.00
1110.00
1410.00
1770.00
2070.00
2490.00
3330.00
4320.00
4330.00
4340.00
4350.00
4360.00
4370.00

4380.00-

4390.00
4400.00
4410.00
4420.00
4430.00
4440.00
4470.00
4500.00
4530.00
4590.00
4650.00
4710.00
4770.00
4830.00
4890.00
4950.00
5010.00
5070.00
5130.00
5190.00
5430.00
5730.00
5970.00

5.9700
6.2650
6.5600
6.7240
6.8550
7.0850
7.2820
7.4130
7.6750
7.8390
8.0690
8.1670
8.2330
8.3640
8.5280
8.5280
7.7410
6.7900
6.0680
5.5430
5.1500
4.3870
4.6580
4.4610
4.2970
4.1660
4.0340
3.7720
3.5750
3.3780
3.1160
2.9520
2.7880
2.6570
2.5580
2.4930
2.4270
2.3620
2.2630
2.2300
2.1650
2.0010
1.9350
1.8370

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
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
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



6390.00 1.6730 0.0000
6870.00 1.5740 0.0000

HINT. You do not need to repeat input of the pumping rate. It is sufficient to type 300 (gpm)
on the first line, and skip the rest until the time when the pump is switched off. Type 0 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 200.06000



50.060 2.7880 200.0000
60.00 2.9520 200.0000
80.00 3.0500 200.0000
100.060 3.1490 200.0000
120.00 3.2800 200.0000
150.00 3.4110 200.0000
180.00 3.5100 200.0000
210.00 3.6080 200.0000
240.00 3.6740 200.0000

You do not need to type the pumping rate 200 gpm more than once on the first line.

MW-6 (constant-rate test - drawdown portion)
0.02 0.1740 300.0000
0.03 0.4720 300.0000
0.05 0.8330 300.0000
0.07 1.2850 300.0000
0.08 1.5480 300.0000
0.10 1.8890 300.0000
0.12 2.2070 300.0000
0.13 2.5390 300.0000
0.15 2.8630 300.0000
0.17 3.1680 300.0000
0.18 3.4830 300.0000
0.20 3.7690 300.0000
0.22 4.0480 300.0000
0.23 4.3100 300.0000
0.25 4.6050 300.0000
0.27 4.8350 300.0000
0.28 5.0810 300.0000
0.30 5.3040 300.0000

-0.32 5.5230 300.0000
0.33 5.7370 300.0000
0.37 6.1470 300.0000
0.40 6.5010 300.0000
0.43 6.8260 300.0000
0.47 7.1140 300.0000
0.50 7.3770 300.0000
0.53 7.6230 300.0000
0.57 7.8390 300.0000
0.60 8.0330 300.0000
0.63 8.2260 300.0000
0.67 8.3770 300.0000
0.70 8.5250 300.0000



0.73
0.77
0.80
0.83
0.87
0.90
0.93
0.97
1.00
1.08
1.17
1.25
1.33
1.42
1.50
1.58
1.67
1.83
2.00
2.17
2.33
2.50
2.67
2.83
3.00
3.17
3.33
3.67
4.00
4.33
4.67
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00
9.50
10.00
11.00
12.00

8.6630

8.7870

8.9250

9.0460

9.1610

9.2630

9.3610

9.8200

9.5320

9.7120

9.8790
10.0330
10.1550
10.2630
10.3650
10.4760
10.6930
10.7350
10.8700
11.0080
11.1450
11.2500
11.3320
11.4540
11.5750
11.6870
11.7520
11.9130
12.0010
12.2110
12.5100
12.6770
12.8610
12.9030
13.1000
13.1460
13.1630
13.2550
13.3100
13.3890
13.4610
13.4940
13.6910
13.8220

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
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



13.00
14.00
15.060
16.00
17.00
18.00
15.00
20.00
22.00
24.00
26.00
28.00
30.00
32.00
34.00
36.00
38.00
40.00
44.00
48.00
52.00
64.00
68.00
72.00

14.0520
14.1830
14.3140
14.3990
14.5170
14.5370
14.5600
14.4780
14.6750
14.8550
15.0160
15.1170
15.1340
15.2030
15.2490
15.3410
15.4950
15.6260
15.6520
15.6880
16.1510
16.3570
16.3930
16.3050

Water [evel Data

MW-1

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

150 150 85.00 86.00

<yy/mm/dd> <Level>

94/01/05 84.25

94/02/12 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
94/08/12 84.9
94/09/11 84.8
94/10/09 84.5
94/11/12 84.3

10

: Line 1, contains well name

: Line 2, intended for location, blank here
: Line 3, intended for aquifer, blank here
: Line 4, X, Y, Z, ZM, respectively

: Line 5, tells GWW the format for date

: Line 6 till end, water level data entry



94/12/22 84.1

*

MWw-2

. 800 250 92.00 93.00
<yy/mm/dd> <Level>
94/01/05 91.25
94/02/12 91
94/03/11 90.8
94/04/15 90.1
94/05/22 89.9
94/06/12 90.6
94/G7/05 91.1
94/07/22 91.7
94/08/12 91.9
94/09/11 91.8
94/10/09 91.5
94/11/12 91.3
94/12/22 91.1
s

MW-3

1800 200 87.00 88.00
<yy/mm/dd> <Level>
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
94/11/12 86.3
94/12/22 86.1
*

MW-4

300 750 110.00 111.00



<yy/mm/dd> <Level>
94/01/05 108.25
94/02/12 108
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
94/07/22 108.7
94/08/12 108.9
94/09/11 108.8
94/10/09 108.5
94/11/12 108.3
94/12/22 108.1
*

MW-35

1000 650 120.00 121.00
<yy/mm/dd> <Level>
94/01/05 109.25
94/02/12 109
94/03/11 108.8
94/04/15 108.1
94/05/22 107.4
94/06/12 107.9
94/07/05 108.8
94/07/22 109.7
94/08/12 109.9
94/09/11 109.8
94/10/09 109.5
94/11/12 109.3
94/12/22 109.1

*

MW-6

1900 900 145.00 146.00
<yy/mm/dd> <Level>
94/01/05 143.25
94/02/12 143
94/03/11 142.8
94/04/15 142.1
94/05/22 141.9



94/06/12 142.6 "
94/07/05 143.1 '
94/07/22 143.4
94/08/12 143.4
04/09/11 143.3 -
94/10/09 143.3
94/11/12 143.1
94/12/22 142.8

*

Elevation of various lithologic units
Clay-Sand Sand-Limestone Limestone-Dolomite

MW-1 70.0 55.0
MW-2 80.0 64.0
MW-3 55.0 52.0
MW-4 %0.0 75.0
MW-5 98.0 80.0
MW-6 115.0 85.0 -

13

- 33.0

37.0
32.0
50.0
55.0
70.0

Hint. Type these numbers into entry form for Well Logs. The first column of numbers refers
to the elevation of the contact between clay and sand layers (in feet above mean sea level),
the second to the contact between sand and limestone, and the third to the contact between

limestone and dolomite.

OUTPUTS

Some of outputs (printouts, reports) are appended to this exercise.

. Well construction and lithologic log for well MW-1,
. Same for well MW-6.

. Pumping test iterpretation for well MW-2.

. Time series for TDS in well MW-1.

. TDS versus depth in well MW-1.

. TDS contour map.

. 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.

O 00 1Oy B W

. Pumping test interpretation for well MW-4 (recovery method).
. Pumping test interpretation for well MW-1 (drawdown and recovery).



Well Log: Lithology & Construction I
Well Ident Name 3
MW-2 |
Drill. Method Drill. Dates
| X 800 Y 250 z 92.00 Meas, Pr. Elev. 93,00
All measurements are in feet. Hole and casing diameters in inches. Scales (1: xcx)
Water Level (ft AMSL) Vertical Horizontal
40.0
Depth : ) ; Elev.
freet] Hole Annulus CasingScreen Lithology [feet]
[ 90
5 - 3
p CLAY -
_ . - 85
] Conductor 8 [
104 12 PCiepe . ’ L
] mented o B .:.t;*E - 80
15 - i 3 [
] & [ 75
] 19 A
20 429 20 & SAND ‘ -
] \ Gravel i . a
’ {,‘? cl]f - 70
] x [
25 3 fihoroughly 4 : B
p evelo 58 = 1 - e - B
i {’or 24 hours 28 . 2428 - €5
. umpin, 3 B
30 and surging 30 : [
: 32 [ 60
35 3
. [ 55
40 - X
i e LIMESTONE [ 50
7 4 :
h , — 45
50 F -
] Open hele T [ 40
55 ] 5 5 [
] = | b [- 35
_ [FE0 A, |
T ey ' — 30
] 2l | E DOLOMITE -
65 T | B -
] | | B -
170 A | [
T 72 kTS hoine' s -
I




APPENDIX B

DATA BASE
STRUCTURE

FILES

These are internal files, contained within the data base

template, GWW.000. You may retrive the files by follow-
ing the steps: '

“F .

1. Select 'I‘ools;'.;j‘h .
2. Select Data Structure Design.
3. Select File.

. Select Old.

4
5. Select any name or z.lpplication from the list.
6. Close the dialogue box by clicking on OK.

. Select Write Structure to STD ASCII

8

. Type an ASCH filename under which this file will be
saved.

MASTER DATA STRUCTURE

DATA ENTRY No. of Characters | Data Type Format No. of Decimal Diggg Unit

Well Ident 10 Well

Description 50 Char

District 20 Char

Locality 20 Char

Owner 20 Char

X 10 - Num(Dim) Fixed 2 m
Y 10 Num{Dim) Fixed 2 m

Z 10 Num(Dim) Fixed 2 m

™M 10 Num(Dim) Fixed 2 m

Map Sheet No. 10 Char

Year 10 Char




DATA BASE STRUCTURE FILES B-2
L CHEMICAL DATA STRUCTURE

DATA ENTRY __| No. of Characters Data Type Format__| No. of Decimal Digits Unit
Well Ident 10 Well

Ca 10 Num(Und)_ Fixed 2

Mg 10 Num{Und) Fixed 2

Na 10 Nun{Und) Fixed 2

K 10 Num(Und) Fixed 2

Fe 10 Num{Und) ™ Fixed 2

Mn 10 Num(Und) Fixed 2

HCO3 10 Num(Und) Fixed 2

co3 10 Num(Und} Fixed 2

SO4 10 Num{Und) Fixed 2

] 10 N d) Fixed 2

NO3 10 Num({Und) Fixed 2

NO2 10 Num(Und) Fixed 2

PO4 10 Num(Und) Fixed 2

F 10 Num(Und) Fixed 2

B 10 Num(Und) Fixed 2

Si02 10 Num(Und) Fixed 2

TDS 10 Num(Und) Fixed 2

Hardness 10 Num({Und) Fixed 2

Alkalinity 10 Nun(Und) Fixed 2
Conductivity 10 Num(Und) Fixed 2

pH 10 Num(Und) Fixed 2

Cations 8 Num(Und) Fxed 2

Anions 8 Num({Und) Fixed 2

SAR 8 Num(Und} Fixed 4

BalErr 8 Num(Und) Fixed 2

CHEMICAL DATA STRUCTURE
FOR PARTS PER MILLION ENTRIES

DATA ENTRY | No. of Characters Data Type Format No. of Decimal Dlﬁé_lﬂi
| Cappm 10 Num(Und} Fixed 2

Mgppm 10 Num(Und) Fixed 2

Nappm 10 Num(Und) Fixed 2
t Kppm 10 Num(Und) Fixed 2
| Feppm. 10 NumfUnd) Fixed 2

Mnppm 10 Num(Und) Fixed 2

HCO3ppm 10 Num{tnd) Fixed 2

CO3ppm 10 Num(Und) Fixed 2
| SO4ppm 10 Num{Und) Fixed 2

Clppm 10 Num(Und) Fixed 2

NO3ppm 10 Num(Und) -Fixed 2

POdppm 10 Num(Tnd) Fixed 2

Bopm 10 Mm{Und) Fixed 2

SiO2ppm 10 Num(Und) Fixed 2




DATA BASE STRUCTURE FILES

B-3

" 7~ PUMPING TEST DATA STRUCTURE

No. of Characters

DATA ENTRY DataType | Format | No.of Decimal Digits | Unit

Well ident 110 Well

TestDate 10 Date dd.mmyy

Distance 10 Num(@Dim) |Fixed2 |m

AvgPRate 15 Num(Dim) Float 7 m3/day

Duration 15 Numy(Dim) Float 7 min

InSatTh 15 Num{Dim) Fixed2 . |m

Transmissivity 15 Num(Dim) Float 7 m2/day

Storage 15 Num(Und) Float 7

Leakance 15 Num(Dim) Float 7 1/day

ConfAqThickness | 10 Num(Dim) Fixed 2 m

b 10 Num(Dim) Fixed 2 m

1 10 Num(Dim) Fixed 2 m

d 10 Num(Dim) |Fixed2- |m

11 10 Num{Dimn) Fixed 2 m

dl 10 Num(Dim) Fixed 2 m

StandardError 10 Num{Dim) | Fixed2 {m

Method 25 Char

PUMPING TEST ADDITIONAL DATA STRUCTURE

| DATA ENTRY No. of Characters Data Format No. of Decimal Digits Unit

Tune 10 Char

Drawdown 10 Char

PRate 10 Char

Selection 10 Char

EstVahues 10 Char

Difference 10 Char

HYDROGRAPHS DATA STRUCTURE

DATA ENTRY No. of Characters Data Type Format No. of Decimal Digits Unit

Well Ident 10 Well

Aguifer 30 Char




DATA BASE STRUCTURE FILES

. B4

HYDROGRAPHS ADDITIONAL DATA STRUCURE

DATA ENTRY No. of Characters Data Type Format No. of Dec:ig}al Digits Unit
Date 10 Date mm /dd /vy -
Time 10 Time hhmmss
th 10 Num(Dim) Fixed 2 m
Level 10 Num{Dim) Fixed * 2 m
- WELL LOG AND LITHOLOGY DATA STRUCTURE
DATA ENTRY No. of Characters Data Type | Format Ng. of Decimal Digits Unit |
§ Weil Ident 10 Well
Drill Dates 25 Char
SWL 10 Num(Dim}) Fixed 2 m
DWL 10 Num(Dim) Fixed 2 m
Drill. Methed 30 Char
ConcrBlockDx 10 Num({Dim) Fixed 2 m
ConcrBlockDy 10 Num(Dim} Fixed 2 m
ConcrBlockH 10 Num{Dim) Fixed 2 m
Above G5 10 NumDim) | Fixed 2 m
Vert.Scale 10 Num{Und) | Fixed 1
HorScale 10 Num(Und) Fixed 1
STEP DRAWDOWN TEST DATA STRUCTURE
DATA ENTRY No. of Characters Data Type_ Format No. of Decimal Digits Unit
Well Ident 10 Well
A 12 Num(Und) Float 4
B 12 Num(Und} | Float 4
10 Num{lUnd) Fixed 2
Efficiency 10 Num(Und} Fixed 2
GRAIN SIZE CURVE DATA STRUCTURE
DATA ENTRY No. of Characters ! Data Format ‘| No. of Decimal Digits Unit
Well Ident 10 Well




* APPENDIX C .. ENTRY AND REPORTING FORMS

PART ONE:
ENTRY FORMS ... ..

MASTER DATA ENTRY FORMS (m English, Portuguese,
and Spamsh)

a1, Gud. EL ¢n anw)

DADOS PRINCIPAIS
CORSAN SISTEMA DE mmmcbes OE AGUA SUBTERRANEA

B T T o o T ‘-n:m:-'n_nww&rm*r‘:ﬂam;.w—t -

TOPE DEL ACUFEROQ rcmoo DEL ACUFERD &

Type:
Labal:
x.y [mm]
e dv




ENTRY & REPORTING FORMS

CHEMICAL DATA ENTRY FORMS

CHEMICAL DATA

Aguliar

Gate of Sarrph

PH

6!93!1](3

El ORGANICS IN WATER AND SOIL |

Wal Hant I Date Cham (mmiddAyy) Lﬁiﬂ“ﬂat Depth (t 806) 1.1.1-Trchbeoethane —'
1.1.2-Trchbroathana 1.1-;;mh:n 1.;-;;=hbn|_ﬂ;m 12-Dichbmathene | 1.2-Dichibcethane Chbl:iot—nT
Tokene 2-Methceey-2-methybropane | 1-@-Methaaprpaxy-2propanc) | 1-@-Methaxy-1-methyl. picpanc)
Hoamethyheptmiomne | Heoadecamathyheptasioane | Dodecancc acid | N-Mathy-N-. ghoine | Tetadecamathyhe-a
Benzene Ethylbanzene Chibxathane Tetahwdmtush Mathyne Chicride | Trichiomethene
Aykna Aoatone Mathyl Ethyl Kn‘bnT 2-Heo@anone Carbon Disu¥ide 4Mathyt2-FPa
Haxane Tatmchiorathene | Vinyt Chioride PLB-1200 Phenol Phenanthmne
bie 2-ethyhexyiphthalste | Floumanthene Benzo@pyene Pymne Benzoianthmoane
1,3 Doxoiane 2,7,10 Trmethyticdecane | 1,12-Trdecodiane | Fluombichiommathane] Cycbhaxane

MathyiCyclopeniana | 3 MathylPentane | Cyckpantane

2-MethyiPentane | Hydmocarbon €7 HY14 | Mathyl Cycohexane



ENTRY & REPORTING FORMS

C3

PUMPING TEST ENTRY FORMS (in English and

Porl:uguese)

ParhalPenctratlun

Identification

Obs. Well Distance

Aquifer Thickness

Pumping Test Data

Partia] Peneiration Well Data

Scroen Borinn

Screen Ending

Production Well

Observation Well

Resuhs




ENTRY & REPORTING FORMS

C4

HYDROGRAPHS ENTRY FORM

Standard

Water Levels

Standard

—

Weli Lithology & Construction

b| Identification

Or. Burt. EL (m ams)

Eastng (m)




ENTRY & REPORTING FORMS

C5

L

ADDITIONAL LITHOLOGY ENTRY FORM

Standard

—
—

Additional Lithology Data Entry Form

ﬂ_ Standard

STEP DRAWDOWN TESTS

Ry = "
A RTATE 2A e o ATRTA SR R w4 R e v d a R m
¥ ) L O N L

LA NN 0

.
t




ENTRY & REPORTING FORMS

PART TWO: REPORTING FORMS AND REPORTS

Well ident STIFF Diagram I

Name Type
MW-5

Milliequivaients per liter .
5 4 3 2 1 0 1 2 3 4 5

Ca HCO,+CO,
Mg SO,
. Na+K Ci

NO,

Cations
Ca Mg Na K Fe
Milliequivalents per liter 0.5998 3.0000 0.2001 | 0.01509 0.0645
Milligrams per liter 12.02 36.47 4.60 0.59 1.20
Anions
HCO3 Co3 S04 Ci NO3
Milliequivalents per liter | 3.90000 0.01999 0.02003 0.00807
Milligrams per liter 237.95 0.96 0.71 0.50
BOD COoD Diss. Oxygen F B SiQ2
TDS Hardness Alkalinity Conductivity pH SAR
229.00 270.00 7.50 0.1491
‘ Cations (epm) | Anions (epm)
Waier Type Magnesium Bicarbonate I 3.88 3.95
Error Balance (%)

Aquifer 175




ENTRY & REPORTING FORMS

- LTI

T owte s i

Well ident

MW-1

Name .

Monitoring well in Corozo Pando

Easting (X)
150

Northing (Y) Ground Suri. Elev. (Z)
150 85.00

Meas. Point Elev. (Zm)
86.00

TDS in ppm

Depth
[m]

—n—s-a—n—-mn:mmmmwmmw.hhﬁhm
N LD ONBEDODODOMNMBDDONDLEDRON o 0
D 0 S O8O0 0080800605338 68888

Level
[m]

5

[4M]
o

llllllll[llllllllj_lllllllllll!lllllllllllJilllllllIIllllllllllllllllll!!l_l_l_lllllll(l(

e,
5 T g W RS,
Pl T

PRI Ky

(75

45




ENTRY & REPORTING FORMS

Cs8

-5
F4
3

2

L

13I339
: 0.008
£ 0.007
0.006
£0.005

£0.004
0,003

0.002
]

b

L0.001

EPM

-23:39
0,08
0,07
: 0.06
£0.05

£ 0.04
 0.03

Ca

f:-0.2'
:
:8369
= 0.08
E0.07
E0.06
. ?0.05
E 0.04

 0.03

£ 0.02

i

I

Mg'

10
80

=70

.

£ 0.07

0.001.3 -
HCO, “EPM

Schoeller Diagram l

Schoeller Dlagram




ENTRY & REPORTING FORMS

C9

, Piper Diagram I

o B WD

Plper Dlagram

100

MW-1
MW-2
MW-3
MW-4
MW.5
MW-6

CATIONS




ENTRY & REPORTING FORMS

C10

, Wilcox Diagram I

Wilcox Dlagram

MW-1
MW-2
MW-3
MW-4
MW-5
MW-6

hth B W B e

Conductivity {micromhos/cm at 25°C)

Cl1

ce

C3

C4

Mediurn

High

- Very High

Salinity Hazard

Sodium
(alkali)
Hazard 100 500 1000 5000
| ] 1 T 1{F Tl 1 1 1
Very 30 30
High
S4 281 -
26 -
0 :\ N
High
S3 22 .
201 <20
18 -
=4
Medium { vy
52 14 \ |
12 |- -
8 B \.‘ \
Low 6 =
2 .
§u 23 0
100 ] /U [}




1 3 IRk

 Ciciical Dy

EANTABI

i DY lif‘“‘mfét 1

} ,,._‘“ ’ St W B “}ﬁ“ N
S&ln‘t&!:’t!'\‘&.yt SANER 5?\”‘)5"‘}353{#5% %

i A
;‘& EE e ;.Eg;!;%;o\, G ,;&wh}i“‘-?mni‘ PRI i"{‘.rM\' iiﬁ‘f’?&

t b ;‘ Ay
l All constituents In ppm. Sums of anfons and cations Iin epm. TDS In ppm, Conductivity In micromhos/icm at 252}

B
d‘ﬁe

Well Ident Ca Mg Na K Fe | Catlons HCO3 | SO4 Cl | NO3 | Anions| TDS | Conductivity
P-103 2405 | 18.11 13.79 | 1.56 3.33 18792 | 3.84 | 532 3.31 | 255.00 300.00
P-152 1283 | 21.88 | 2391 | 235° 3.54 20683 | 005 | 2.84 3.47 | 272.00 320.00
P-153 1764 | 2067 | 2989 | 0.39 3.89 22392 | 192 | 284 3.79 | 299.00 350.00
P-163 15.23 17.63 | 12.87 | 0.78 2.79 16290 | 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
P-170 12.02 | 36.47 460 | 0.59 |13.03] 4.62 23795 | 096 | 071 |37.20 4.54 | 229.00 270.00
P-177 14.43 1593 | 16.78 | 0.39 2.77 158.63 | 0.05 2.84 2.68 | 248.00 250.00
P-180 24.05 1580 | 11.95 | 1.17 3.05 16473 | 480 | 3.90 291 | 228.00 290.00
P-186 17.64 17.87 | 2598 | 1.56 3.52 183.04 | 2498 | 1.77 3.57 | 274.00 340.00 -

P-20 3447 | 2602 | 2736 | 0.78 5.07 280.66 | 12.97 | 4.96 5.01 | 3%90.00 470.00
P-206 64.53 1009 | 3494 ¢ 039 5.58 33191 | 768 | 2.84 5.68 | 454.00 520.00
P-577 16.83 17.38 | 15.86 | 0.39 2.97 170.84 | 0.05 3.90 291 | 226.00 260.00
P-580 14.43 17.38 | 2299 | 0.39 116 189.75 | 0.05 5.67 3.27 } 252.00 290.00
P-600 2325 | 21.76 | 30.80 | 0.78 4.31 24405 | 096 | 035 427 | 330.00 370.00

P-72 2525 | 2602 | 2483 | 2.35 4.54 25991 | 096 | 496 442 | 34500 | 410.00

p-74 3848 | 2030 | 1494 | 1.96 4.29 7749 | 7.68 | 3.90 410 | 243.00 380.00

P-84 21.24 | 1945 | 1977 | 2.74 3.59 20256 | 192 | 3.90 3.47 | 273.00 330.00

SRRG-19 || 10.02 | 1094 | 213.79 | 1.17 10.73 430.75 | 096 | 66.64 10.39 | 780.00 950.00

SRRG-22 9.62 16.33 | 197.70 | 3.52 10.02 506.41°| 096 | 71.61 10.34 | 805.00 900.00

SRRG-38 || 10.02 B.27 43.68 | 4.30 319 152.53 | 2498 | 5.67 3.18 | 254.00 290.00

SRRG-4 8.02 9.60 | 18391 | 3.91 9.29 408.79 | 12.01 | 99.26 9.75 | 730.00 900.00
SRRG-7 4.41 1.95 230 | 235 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 12203 | 39.87 | 7.80 3.05 | 229.00 250.00

SINMOd DONLLYOdTd ¥ ALLNA

110



. ENTRY & REPORTING FORMS

Weli Ident

MW-1

Chemistry Concentration / Time

Name

Monitoring well in Corozo Pando

Easting (m)
150

Northing (m)
150

Gr. Surt. Eiev. {m amsl)
85.00

480
460

420
400
380
360
340
320
300
280
260
240
220
200
180
160
140
120
"100

TDS in ppm

MW-1

11

12




ENTRY & REPORTING FORMS

C14

Well Log: Lithology & Construction
Well Ident Name
-MW-2
Drill. Method Rotary with bentonite Drill. Dates 15 to 22 March 1994
X Y 250 Z 92.00 Meas. Pt. Elev. 93,00
All measurements are in meters. Hole and casing diameters in inches. Scales (1: xxx)
Water Level {m AMSL) 88.20 Vertical Horizontal 40.0
D[ergfh Hole Annuius CasingScreen Lithology E[m' :
] [ 90
5 CLAY, with some -
} silt and fine sand [ g5
4 Conductor [
10 12 Pipe . 8 N
N Cemented in 12 [ 80
15 5 g :
) 19 I 2 - 75
00120 20 -2 SAND, fine to medium -
] Gravel Mg grained :
] %a:nk o .: =] N 70
254 :lhoret;ughly 4 E o F
] {’;:2: s 28 [tk o ; Fes
30 __ Y. pumping 30 b ' [
i a.ntr surging 32 P ITI B
] ] M T - 60
35 - A
] L [
] I s
40 I s
] e LIMESTONE dolomitic, -
1 T fractured — 50
45 8 rT [
] - 45
50 i r [
] hole - 40
11 3
55 L1185 C
E 71 . 35
60 ~ [
: Fi -
J IT - DOLOMITE with marly L 30
65 -] 7 limestone, brown -
] -t i
; - — 25
] 1 [
70 L A
172 | - I -




ENTRY & REPORTING FORMS

C15

I TESTE DE BOMBEAMENTO !I

100

Tempo [min]

POCO | —
Municipio
G 1433 RM1P3 Flores da Cunha
Dist. Pogo Obs. [m] Vazao Média [m3/h] Duragao [min] Espes. Sat. Inicial [m]
6.00 6.6667 900.00
Resultados Erro da Es(;z.l:}'l;twa [m)
Transmissividade Im2/h] Coeficiente de Armazenamento Gotejamento [1/day]
9.10 0.0097678 0.049710
Método Método de Hantush
0.01
b
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Pumping Test I
Well ident
Name
MW-2 I .
Average Pump. Rate [m3/day] Duration [min] Initial Sat. Thickness [m]

Obs. Well Distance [m]
0.05 15.000 1200.0
Results
Transmissivity m2/day] Storage Coefiicient Leakance [1/day] Estimation Error [m]
136 ’ 0.10
Fit Method Theis Method

-]
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I Hydrograph Reporting Form _ '

A-0001 Description Observation well in St Johns District
X Y Ground Surf. Elev. | Measuring Pt. Elev.
1235568 10781674 153.36 153.36
Aquifer Quaternary
Depgt? [feet] A-0001 Level [feet]
96 I 58
97 ‘ﬂf = ' =57
o8l f bt 1 ! 1 Is6
L -
99 M& 3 4# 55
100 ﬂ T F —- 54
- " T/ |
101 ] 33
102- L+ ]l I _ —52
103 [ — /V - 4 I J =51
] | o 1
104 | Vil 450
105 [ + ) 'bt T —49
106} - ! =48
107 I 1 47
108 ] ] ! i | I | 1 — 46
80 81 82 83 84 8 86 87 88! 89 90 91l 92] 93l :
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Monitoring Well, Landfill NR Project

- NI

5 M

™ ) l |
L \

:i TS u
W] u
S T

I AR VAR, z2=

Sieve Sizes [rm) 12-14m | 17-21m
0.001 3.00 7.00
0.010 7.00 11.00
0.050 12.00 15.00
0.100 18.00 21.00
0200 19.00 24.00
0.500 200 28.00
1.000 34.00 30.00
2.000 44.00 5200
5.000 oo | 7700
10.000 7800 | 8700
20.000 o700 | 9000
25.000 10000 | 100.00
I —
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ENTRY & REPORTING FORMS

PART THREE:

ASCII FILE
FORM FOR
ADVANCED
USERS

Master File Entry
Form

TEXT ‘GWW Master Data“ (130,30,1470.90) 2.15,20,20 P(0.0,0) B(191,0,0)
‘GWW Master Data” CC00
“Axial’ 20,1,1,0 C(0,255255)
_DATA ‘Well Ident * (120,160,270,110) 2,15.,0,0 P(0,0.0) B(255,255,255)
Tdent ‘LTI00
‘M5 Sans Serif” 12,1,0,0 C{0,0,0)
CB,10,-10
‘MS Sans Sexrif” 14,1,0,0 C0.0,0)
DATA Description  * (390,170,840,100) 2.15,0,0 P(0,0.0) 3(255255255)
Desaiption  “LTI00
Helv' 8,0,0,0 C0.0,0)
CB,10-10
“Conzier” 10,0,0,0 C{0.0,0) .
DATA "District ’ (1230,170,370,100) 2,15 0,0 P(D,0 &1} B{255,255,255)
“District "LT300
“Helv’ 8,0,0,0 C{0.0,0)
CB10-10
“‘Courier’ 10,0,0,0 C(0,0,0) .
DATA “Locality * (130,370,370,100) 2.15,0,0 P(0,0,0) B(255,255,255) -

“Locality *LTa0,0
‘Helv’ 8,0,0,0 C(0.0,0)
CB10-10
“Courier” 10,0,0,0 C(0,0,0)
DATA 'Owner * {500,370,370,100) 2,15,0,0 P(0,0,0) B(255,255,255)
‘Owner ‘LTI00
‘Helv' 80,00 C(0.0,0)
3.10.-10
“Courier’ 10,0,0,0 C(0,0,0) s

DATA ‘Well ident  ~ * (120,160,270,110) 6.15,0,0 P(0.0,0) B(255,255,255)
Tdent *1T100
‘M5 Sans Serif* 12,1,0,0 C{0.0,0)

. CB10-10
"MS Sens Serif’ 14,100 C(0,0,0)

DATA Description  * (390,170,840,100) 2.15,0,0 P(0,0,0) B(255,255,255)
‘Description  *LT.10,0
“Helv 80,00 C(0,0,0)
CB.10-10
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Coutier 100,00 COL,0)
DATA "District * (1230.170,370,100) 2,15,0,0 P(0,0,0) B(255,255,255)
“District *LTa00
‘Heiv' 8,00,0 C(000)
CB,10,-10
“Couanier’ 10,0,0,0 C(0,0.0)
DATA “Loclity " (130,370,370,100) 2.15,0.0 P(0,0.0) B255,255.255)
“Locatity ‘L1100
‘Helv’ 8,00,0 C(0,00)
CB.10-10
Coarier’ 10,0,0,0 C0.0.0)
DATA "Owner * {500,370,370,100) 2,15,0,0 P(0,0.0) B{255,255,255)
Ownex *LI10,0
“Helv’ 8,00,0 C(0,0,0)
CB,10.-10
“Couier” 10,0,0,0 C(0,0.0)
DATA X * (130.270,340,100) 2,15,0,0 P(0,0,0) B(255,255,255)
"Eaating ‘LT.100
‘Helv’ 8,0,0.0 C(0,0,0)
CB10,-10
“Courier’ 10,0,0,0 C{0.0,0) . -
DATA Y * (70,270 360,100) 2.15,0,0 P(0,0,0) B(255,255,255)
‘Narthing ‘LT0,0
‘Hedv' 8000 C[0,0,0)
CB10.-10
‘Courier’ 10,0,0,0 C(0,0,0)
DATAZ * (830,270.380,100) 2,15,0,0 P(0,0,0) B255,255,255)
‘Ground Soarf. Elev’ LT,10.0
‘Helv" 8,00,0 C(0,0.0)
CB.10,-10
“Coarier’ 16,0,0,0 C(0,0,0)
DATA ZM * (1210,270,390,100) 2.15,0,0 P(0,0,0) B(255,255,255)
‘Memsor Pt Elev. “1T.10,0
‘Helv” 8,0,0,0 C(0,0,0)
CB,10,-10
Couarier” 10,0,0,0 C{0,0,0)
DATA ‘Map SheetNo.  * (12805370,320,100) 2.15,0,0 P(0.0.0) B(255,255,255)
‘Map SheetNo.  *1T100
"Helv" 8,0,0,0 C(0,0.0)
CB,10,-10
‘Courier’ 100,00 C{0,0,0)
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DATA ’Well Ident - g
(120,160,270,110) 2,15,0,0 P(0,0,0)
B(255,255,255)

‘Ident "LT,10,0

'MS Sans Serif’ 12,1,0,0 C(0,0,0)

CB,10,-10

'MS Sans Serif’ 14,1,0,0 C(0,0,0)

Thepagtnriginisinﬂ\euppeﬂeftmwmeasmesrdqmﬂm
upper left cofner.

Pirsﬁ)g: w.mmwmm&mm&%am%
from ocomer = , at
mmfromﬁ\egzgm uppgﬂéo). 'I'hehmzaua.lpage length of the field
is 270 mm and ight is 110 mm.

The numbers 2 and 15 represent the frame line thickness (in 10th of
a millimeter) and a parameter indicating whether this is a full frame
ammd_tl:ﬁeldnrapamal' frame (with one, two or three lines),
respectively.

The numbers 0,0 indicate that there isnoborder ing the field.

The following numbers define the border: 0 - no border; 10- 1 mm

border line; 20 - 2 mm border line, etc. If the number is negative the

gisto&leleftorbeluw.lfitisposiﬁveﬂ'lelmeistoﬁwrightor
ve.

The block P(0,0,0) is of no concern. It defines the color of the label,
but this is overriden by another block on line 3.

mgg.llo;kfmﬁlS,ZSS)seﬁuﬁ\emlorforba ldeluscomr:é-
na is for no color, or white background. sequence is ,
greem,and_blue,orRGB.

Example of an input
text block in the
Master File Entry
Form:
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ond box: 1dent is the label that will be displayed and

Sec Noﬁce&ratﬁeldlltlamemdl.abelnamedommgd to be
same, Field Name must appear as it is entered into the

Data File Structure, but you may type anythi to Label Name.

In this eampie the word Ident will start at the left edge of the field
in the upper cne third of the field.

The numbers 10,0 after LT indicate horizontal and vertical offsets in
X direction (10 tenths of a millimeter), and 0 in Y direction.

Third box: Ms Sans Serif’ is the font family used to write the
label ‘Ident’. The four numbers after the font family define the fol-

e font size

® bold (1), normal (0)

o jtalic (1), not italic (0)

¢ underlined (1), not underdined (0)

In this case, the font size is 12 points, “Ident’ will be displayed and
printed as boldface, no italics, no underlining. displayed

The blodk C(0,0,0) indicates color for the label. Three zeros mean
black, three 2555 would mean white. Any other combination would
imply ane of more than 16 million colors.

Fourth box: it defines the position and cffsets for data to fill the
field. CB stands for center (horizondally), bottom (vertically).
10,-10 means horizontal offset 10 tenths of a millimeter (one mm to
the right), and -1 mm above the bottom.

Fifth box: same as box three, but this box refers to data. Font
hmﬂyi:i,:&mm&m&ﬁf',fmdaimis 14 points. Data will be
printed no italics, no underining. Its color will be black.

Text fields differ from Data fields in the following.
have only three lines of definition. The fourth and fifth lines, whi
define the data filling the field, have no meaning here.
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APPENDIX D ... VARIOUS ASCII FILES ...
PROGRAM'’'S DEFAULT AND EXAMPLES

GWW.UNT

L Units, type of units, and e

conversion factors.

First line (header) is not
a part of the file,
Data Type Unit Conversion
. Factor
Length m 1.0000000E 00
Length cm 1.0000000E-(2
Length mm 1.0000060E-03
Length inch 2.5400000E-(2
Length feet 3.0487800E-01
Length yard 9.1440000E-01
Length mile 1.6090000E 03
Length Km 1.000000CE 03
Time sec 1.0000000E 00
Time min 6.0000000E 01
Time hr 1.4400000E 03
Time day 8.6400000E 04
Volume m3 1.0000000E 00
Volume o1 1.0000000E-03
Volume can3 1.0000000E-06
Volume quart + 9.4760000E-04
Volume barrel 1.5900000E-01
Volume acre-ft 1.2340000E 03
Volume gallon 3.7850000E-03
Volume ft3 2.8299688E-(12
Area m2 1.0000000E 00
Area ha 1.0000000E 04
Area ft2 9.2902260E-(2
Area acre 4.0470000E 03
Area Donum 1.0000000E 03
Flowrate m3/s 1.000000CE 00
Flowrate 1/s 1.0000000E-03
Flowrate gpm 6.3090000E-05
Flowrate g(UK)pm 7 5770000E-05
Flowrate acre-ft/d 1.4580000E-04
Flowrate m3/day 1.1500000E-05
Velocity m/sec 1.0000000E 00
Velocity am/sec 1.0000000E-02
Velocity m/d 1.1500000E-05
Velocity m/yr 4.1975000E-03

Velodity m3/s/acre 3.2708762E 01
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ASCII FILES .. EXAMPLES

Velodity
Velodity
Transmissivity
Transmissivity
Transmissivity
Transmissivity
Transmissivity
Permeability
Permeability
Permeability
Permeability
Permeability
Permeability
Pressure
Pressure
Pressure
Pressure
Pressure

gpad
ft/sec
m2/s
m2/day
gpd/ft
g(UK)pd/ ft
£t2/min
m/s
m/day
cm/s
gal/day/ft2
ft/s
ft/day
Pascal
pounds/sq.in.
Ib/sq

atmosphere

millibar
kg/m.s2
Celsius
joule
fi-Ib
ft-poundal
BTU
calorie
kgm2/s2
newton
pound(f)
1/s
1/min
1/day
m3/s/m
I/s/m
m3/d/m

1.4326438E-06
3.0480000E-01
1.0000000E 00
1.1157400E-05
1.3857491E-07
1.6646841E-07
1.4860773E-(3
1.0000000E 00
1.1574000E-05
1.0000000E-(02
4.7160000E-07
3.4800000E-02
4.0277520E-07
1.0000000E 00
6.8950000E 03
1.0000000E 00
1.0130000E 05
1.0000000E 02
1.0000000E 00
1.0000000E 00
1.0000000E 00
1.3560000E 00
4.2140000E-02
1.0550000E-03
4.1870000E 00
1.0000000E 00
1.0000000E 00
4.4480000E 00
1.0000000E 00
1.6666666E-02
1.1574070E-05
1.0000000E 00
1.0000000E-03
1.1157400E-05
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PPMTOEPM.TBL

The first line (header)
is not a part of the file.

Constituent

Ca
Mg
Na
K

Fe
Mn
HCO3
CO3
504
a
NQ3
NO

Conversion Factor
0.04990
0.08226
0.04350
0.02557
0.05372
0.03640
0.01639
0.03333
0.02082
0.02821
0.01613
0.02174
0.03159
027750
0.02283
0.03060
0.11119
0.05544
0.01456
0.33288
0.01251
0.01779
0.03394
0.03148
0.05264
0.99200
0.05880
0.00788
0.14411
0.01170
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GUARICO

Example of a line file
(a river). The first line
(header) is not a part
of the file.

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
970399 25000000
970604.25000000
970307 25000000
969797.25000000
969622.25000000
969119.25000000
969004 25000000
969432 25000000
969052.25000000
968489.25000000
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
966774.25000000
966592 25000000
966827 25000000

" 966687 25000000

966262 25000000
965977.25000000
965744.25000000
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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
RANDOM DATA
FILE EXAMPLE
The first line
(header) is not a
part of the file.
X Coordinate Y Coordinate
665000.0 958000.0
659000.0 959900.0
6433000 . 965700.0
639300.0 965700.0
657900.0 949000.0
660000.0 953500.0
663600.0 950300.0
657800.0 945300.0
654863.0 938521.0
675800.0 962300.0
668100.0 954200.0
657700.0 964800.0
645300.0 955000.0
640700.0 961600.0
651500.0 955800.0
653200.0 966400.0
657800.0 967800.0
T 6622000 967700.0
632600.0 959000.0
662400.0 967000.0
665000.0 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
8331000
83.90000
81.82000
81.50000
80.00000
79.00000
78.00000
80.00000
7630000
85.50000
8250000
8520000
77.70000

_79.65000

81.50000

- 87.05000

83.25000
89.40000
75.00000
85.00000
83.31000

Well Ident.

El_Frio -
P-184
P-540
P-543
PO-1
PO-2
PO3
PO4
PO-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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66%000.0
661100.0

PUMPING TEST
DATA FILE -
RECOVERY

The first line must
contain 0 for the time,
0 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 0 for the pumping
rate. Zeros for the
pumping rate need not
be typed after the
second line.

Time (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 8435000
966800.0 89.15000

Residual
Drawdown (m)
0.0000
1.0000
0.8900
0.8100
0.7600
0.6800
0.6400
05600
0.4900
0.4500
0.3800
0.3400
0.2800
02400
02100
0.1700
0.1400

SRRG-8
SRRG-9

Pumping Rate
(m3/day)
2500.6000
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 as produced by the Master Application’s option
Write to STD ASCII Output.

<Well Jdeat> <Description> <Dimrict> <Locality> <Owmer> €X> <Y> <2Z> <ZM> <Duww of Constraction> <Type of Explosstion: >
<lmvatigstion by:> <Drilled by:> <Comssat- > < Survoyed by: >

1246.00
Bl - : :
920.00 100.00 - 42/___ 800 ket borimg_ Dumes_&_Moor D&O_Driling_of_Now_Lemoz, IL._
B2 _ 140.00
937.00 100.00 - 425C___ Scl st bormg___ Dumes & Moo D& Drilling_of New Lemox IL_

The important things to remember when creating such a file using a text processor are the
following:

1. Thebpﬁns(oneormom)ofﬂ:cﬁle,the'hudu‘ﬁms,mustcom;inﬁddnam
within square brackets.

2. The sequence of field names is not important, but it must be consistent with the data
columns that follow.

3. The field names must be typed exactly the same as they are entered into the file structure
forthatpa:ﬁcdarappﬁaﬁon.lhismmthespeﬂingmustbecoueﬁandnppamd
lower case rule must be honored.

4, The data lines must contain an equal number of data columns as specified in the header
line(s). _

5. Ihclmgﬂlofdancolummdepmdsonﬂlctypeofdam.chhmtypcthcdam
column should consist of exactly the same number of characters as specified in the file
structure. E.g., if the field name “Investigation by” is specified as a field of 20
characters, the data column must have exactly 20 characters. Add the character underline
(O to fill the field. In the example above, the field for "Investigation by:* is typed as
Dames_& Moore , making it 20 characters long. For numeric values the length
of the field is not important as long as there is at least one blank field before and after
the numeric value. If there is no data (value) for a parameter you should type one
underlined () character instead the value. '

6. In character-defined field names, such as Investigation by:, if there is more than one
' word, the words must be connected with one or more underlined (O characters. In other
words,GWWinﬁcrpretsablankspaeeastheendofthepreviousﬁeldandbeginningof

7. The number of characters that you may use in defining a field name is limited to 20. For
this reason, in the chemistry file which follows, the word Fluorotrichioromethane was
reduced to Fluorotrichloromet. ‘
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Chemical Data Input/Output as produced by the Chemical Application’s optic
Wiite to STD ASCIH Output.

<Well ldont> <Daw Chan> <Sol/Waer> <Coppor> <Mecwmy> <Nikei> <Zmc> <Arsmic> <Boyfimm> <Cedminmn> <Chromion>
<Lod> <Scimmm> <1,1,]1-Trkkwoote> <1,12-Trikloosfeme> <1,1-Dichioroctese>  <1.1-Dichiorosterac > < 1 2-Dichioronisrae >
<1,2-Dichlovocthasc> < Chioroform> <Tobeme> <2-Methary-2-metiylpr> < 1-(J-Methaxypropoxy > < 1-(2-Methoxy-|-metky >
<Ecomothyheptasll. > < Hexadecanethyhepts. > < Dodocamcic acid > < Nbdatiry-NK-. giytime > < Totradtcmmetitylhezs > <Bogmmt > < Biyyboasont >

<Chicrorthane> <Totnbydrofonn> <Moyime Chloride> < Trichlorootme> <Xylmo> <Aoome> <McthylEtylKomme> <2-Hesamase >
<Cmbop Dimifide> <d-Mothyl2-Peaa> <Tetackiomethese> <Vinyl Chloride> < Pisorotrichloromet> <Hexme> < Cyelohczne >

< MethylCyciopertane > < 3-Metiry} Peotanc > < Cyclopomiass > < 2-MothylFentme> < Rydroarbos C7HI4> <Maty] Cyclohezme > <3-Methyl
Hexane > < 2-Methryl Bexame > < Fydrocarban CSHI2 > < 2,3-Disnesivy{Botase > < Descripticn > <District> < Locality > <Owmer> €X> €YD> <2>
<ZM> <Datr of Constraction > < Typo of Explorstion: > < lovestigstion by:>» <Drilled by:> < Comment: > < Swrveyed by: >

B1______AFR. 1990 - - - - - - - - - — 150000000 - 3oo0.000
N 7.
- - 1M46.00
920.00 100.00 - 41279, Soil_wwt boring_ Dames_&_Moore D&O Driling_of Now_Lamoz, 1.
B2 AFR._1990 - - - - - - - - - - Fxoooo0 1300.000 2500.000
- - - - - - - - - - - - - - - - - - -
937.00 100.00 - 42580 Scil wet boving_ Damas & Ndoare D&G_Dvilling_of Now_Lamcx, I

Lithologic Data Input/Output as produced by the Chemical Application’s option
Write to STD ASCII Output.

WELL: SRRG-5
X: 661100.00

Y: 96580000
ELEV: $6.00
BELEVM:*© 87.00

LITH:
14.300 CLAY
17.000 SAND
20.600 ORAVEL
24200 CLAY
41.400 CRAVEL
41700 LAY
HOLE:
£0.000 0300
24200 0.300
41.700 0200
CASING:
10.000 0.400
24.200 €200
41.700 0.100
SCREEN:
- 14,800 20.600
30.000 40.000
ANNULUS: .
10.000 CEMENT



ASCII FILES .. EXAMPLES D-9

i i i i . You may
In this file you may not change the labels on the left side ending with the colon
changethezlignmmt of numeric values, that is the number of blank spaces. The codes under
entries LITH: and ANNULUS: must be consistent with codes contained in the .DLT files that
you intend to use in the data base. :

Pumping test ASCII file contains only the time/drawdown/pumping rate data. Other
information about a test you must input manually (distance to the observation well, type of
aquifer, partial penetration parameters, etc.). One example is reproduced beiow.

Again, it is not important to have the data lines aligned as in the example above. Data must be
separated by at least one space. :

Area ASCII File

1000.00 1000.00 50
1170.14 1000.00 51
117014 89122 52

114734 8912253

114734 84120 54

115934 412255

115934 771.2256

10MM 2285

10774 9146258

1000.00 914.62 5%

1000.00 1000.00 50
’l

This is 2 simple file which contains two columns: Z and Y coordinates, The last line's
ooordinatsmustcoincidewiﬂ:theﬁrstline’sooordjnats.'Iheﬁlemustterminatewith/‘. You
' mayhavetwoormoreamswithinthesameASCIIﬁle.Eachamisscpantedfromthenext
with a line containing the combination /*.



ASCTI FILES . EXAMPLES D-10

t

Text ASCH File (for mapping application)

*SOLVENT BUILDING" 1020 970
10017490 "Palton" 000 100

The format of this file is explained in Chapter 15, section 15.7.6.

An ASCII text file with more than one line of text is reproduced below. It stores the information
on labeling lithologic cross sections on a map. There are 3 cross sections identified as North-
South, NW-SE, and West-East.

*NW 1110 1043

10017560 "Pahap" 000 100
*NORTE™ 1210 1040
10017490 "FPam" 000 100
"WEST™ 945 915

10017560 "Paban® 000 100
“BAST™ 1247 892 .
10017560 "Paam" 000 100
*SQUTH" 1200750
10017560 "Palxm” 000 100
*SE* 1235 M0

10017560 "Pabem* 000 100

Grid File. This is a portion of a grid file. The important thing to remember is the numbe

of rows (NR) and columns (NC) in a grid model. The file must contain NRxNC values. They
may start from the lowermost row or from the uppermost row, since, when input into GWW the
program will ask first whether the ordering is from Ymin to Ymax, or the other way around.
The number of decimal points is not important, neither is the alignment of data columns, as long
as the data are separated by at least one space.



APPENDIX E

Severai ASCT files with extension .dlt (stands for Define
Liithology) have special meaning in the GWW package.
These files are:

e SCREEN.DLT,
e LITH.DLT, and
e ANNULUS.DLT.

The files with the default extension .dlt contain prepro-
grammed symbols for various lithological units, for well
screen, and for materials filling the annular space be-
tween the drilled hole and casing. You can use these
symbols w1t.hout modification, or you can make your
owWn.

Each symbol is defined with symbol name, which is the
first word in a .dlt file (e.g. CLAY, SILT; up to 10 charac-
ters, sensitive to the case of letters, that is upper case and
lower case are not the same), and description which will-
show on the printed log. This is one or more words after.
the symbol name.

The file SCREEN.DLT s the shortest and is fully repro-
duced below.

SCREEN Screen -

22255255127000 ’ v
20.00 1.00 :

10.00 2.00

21.000.00

11.001.00

EMPTY Empty
1010255255191000
'20.000.00

o

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 CONDUCTOR\PIPE
4639255191191 1270 127
2030

150

2005

1505

2011

14911

2018 ‘

14918 N

2024 '

14924 =

203.1 .

1531 :

2037

1537

»

CLAYH CLAY hard
3112725563 191 63 63
2005

0081

11505

0230

1305

*

GWS GRAVEL pack\gravel & sand
4563255255 630127
204

015

124

013

104

221

032

141

030

121

212

1112

233

1313

2051

1061

2225
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12125
234
1314
20505
10605

SAND SAND
22191255255 00127
200
1030
10303
100
211
1131
11313
111
21305
11405
11306
20311
10411
10313
20715
10915
10917
10717
20802
10704
10804
10803
2171
11612
11712
1181
21615
11516
11717
11715
20406
10408
10607
20116
10117
10217
21601
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11603
11703

This file contains several 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 portion of the file LITH.DLT is reproduced below.
This file contains codes and description for hthologlcal
units that may appear on a well log.

CLAY CLAY
31525525519125500
20.000.75

00.75150

11500.75

02250.00

13.000.75

SILT SILT
2225525519125500
200

111

CWIOS CLAY with interbeds of sand
34255255191127063
2029

0083.6

11529

02321

1329

2014

00821 :
11514

02306

1314

2020

10402

2120

11402

2220

12402

»
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LITHOLOGICAL SYMBOLS

DOLO DOLOMITE
34191255127 0063
201

131

203

133

2033

102

232

1271

2123

1154

2150

1181

»

GRAVEL GRAVEL
4512725525500127
204

015

124

013

104

221

032

141

030

121

212

1112

233

1313

2051

1061

2225

12125

234

1314

20505

10605

GWS GRAVEL with sand
5191 255 2550 0 127
204

015

124
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LITHOLOGICAL SYMBOLS

»

LIME LIMESTONE
34255255191000
201

131

203

133

201

103

2150

1151

2153

1154

ROCK1 Rockl
22255255255000
201

121

ROCK2 Rock2
11255255255000
2005

1105

*+

ROCK3 Rock3

0505255255255000

2003
10503

ROCK4 Rock4
22255255255000
2051

1151

2115

1105

ROCKS Rock5
11255255255000
20305

10805

20503

10508

ROCKS6 Rocké
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33255255255000
2115
1215
2151
1152

ROCK? Rock?
22255255255000
20515

111

211

11515

*

ROCKS Rock8
33255255255000
200

133

ROCK9 Rockd
22255255255000
200

122

SAND SAND
2219125525500127
200

1030

10303

100

211

1131

11313

111

*

The meaning and creation of symbols will be explained
using simple examples from the file LITH.DLT. Take for
example the symbol for SILT. The block for silt is copied
here below.

SILT SILT
2225525519125500 '
200
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111
*»

The first line contains the code for silt "SILT", and the
default description that will be typed in well log if you
do not override the default. (You can also modify this
defaultby adding a word or more to Silt to better identify
the unit. This will then become the default for SILT. Or,
you may translate this word into another language, say,
Spanish, in 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 0 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, terminates
with *. Between the second line and the asterisk sign,
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there may be one or many lines. The first number in each
suchline can be 2, 1 or 0. The number 2 defines the start-
ing point, number 1 means "connect this point with the
previous”, number 0 means "make an arc 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 create
a symbol for horizontal lines widely spaced, such as the
default symbol ROCK1, the design would be as follows:

ROCK1 Rockl (you may type something else)
22255255255000 (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 of
size 2,2. If you want denser horizontal lines, the block to
define should be smaller, and so will be the spacing be-
tween repeating blocks. For example,

ROCK2 Rock2
11255255255000
2005

1105

Very narrowly spaced horizontal lines can be ‘obtained
by assigning even smaller size to the block, say 0.5by 0.5.
Thus the design for ROCK3 may be as follows:

ROCK3 Rock3
050.5255255255000
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20025
105025

This is interpreted as "connect the point with coordinates
0,0.25 with point coordinates 0.5,0.25".

In addition to connecting two points with straight lines,
you may create an arc between two points. This is done
by inserting a line with the first number 0 between two
lines starting wither with the number 2 or 1. Suppose
you want to create a sinusoidal line with amplitude 1.5
and period 3.0. The block to define shall be 3 by 1.5. 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 arc shall be at the point (0.75,1.5),
and the bottom of arc 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:

CLAY Clay
315255255255000
20075

007515

115075

02250

13075

*

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:

SCHIST Paleozoic Schist
31.0255255255000
2005

00751

11505

02250

1155
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You may connect several points to create a circle, or any
rounded,or semirounded object. Let us create a design
for semirounded fine gravel. Define this block as 3 by 2.

SRGRAY Semi-rounded gravel
32.

20704

10715

01419

11914

021

11605

011502

10704

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 create a symbol for "Clay alternating with
fine sand". Define block as 3by 2.5, and use the upper 1.5
units for clay (actually, duplicate the design of CLAY),
and lower one unit for sand. Start with "Clay 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 arc 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:

325 255 255 255 255 0 0 (red line on white background)
201.7%5

007525

11517

02251

13175

The "sand" portion of the design will be in the lower 1.0
unit, i.e. within the block defined by coordinates 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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b B et R R i R e DO O O

10.10
2050
1060
210
1110
efc.

The final design 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.)

ABOCWES Alternating\bands of clay \with fine sand
3 2.5 255 255 255 0 0 0 (Line #1, followed by:)

000 175 2 250 000 2 0.00 0.80
075 250 1 260 000 1 010 0.80
150 1.75 2 020 040 2 050 080
225 1.00 1 030 040 1 060 0.80
300 175 2 070 040 2 1.00 080
000 000 1 080 040 1 1.10 080
010 000 2 120 040 2 150 0.80
050 000 1 130 040 1  1.60 080
060 000 2 170 040 2  2.00 080
100 000 1 180 040 1 210 080
110 000 2 220 040 2 250 0.80
150 000 1 230 040 1 260 0.80
160 000 2 270 040 *

200 000 1 280 040

2.10 0.00

Of course, you may create 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 some
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.

z
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Chapter 11

ANALYSIS FOR THE MULTIPLE-DIPPING-LAYER STRUCTURE: A
COMPUTER PROGRAM .

" This chapter conta.ms a computer program by which to solve the dipping
layer problem of refraction seismology for any number of layers. Chapter 12
describes an equivalent procedure for use with slide rule or desk calculator.
Chapter 13 provides the theory underlying both of these methods, and describes
how to compute theoretical refraction travel-time graphs for an arbitrary number -
of dipping layers. For the three-dipping-layer probiem, a simple approximate method
is given in Chapter 9. .

The interpretation of refraction seismic data always starts from some
simplified model of the subsurface structure. This model may be very simple
indeed, such as a horizontal layer overlying a higher-velocity substratum. We call
this a two-layer model. More complicated models may include multiple layers, or
dipping layers, or faulted offsets, or velocity gradients. In all cases, however, the
interpretation procedure goes as follows:

(1) Assume a model, making it as close to the expected subsurface
conditions as possibie.

(2) Compute the expected refraction travel-time graph.

(3) Show the relationship between parameters of the structure (depths,
dips, velocities, etc.) and parameters of the travel-time graph (slopes.
intersection distances, intercept times, etc.)

{4) Check 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 horizontal two-layer structure shown in Figure 1.
The velocities V, and V4 for the subsurface structure are shown to equal the
(reciprocal) slopes of the “two line segments on the travel-time graph. The depth
to the boundary is computed from the intersection distance X, for the two line
segments as

Copyright, 1984, Harold M. Mooney
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We will now give a method of solution for a very general model which is
capable of handling 2 large fraction of the interpretation problems of engineering
seismology. This model consists of an arbitrary number of constant-velocity
layers. Each of the boundaries between layers may dip at an arbitrary angle.

This general model includes many special cases of practical importance. A
few of them are shown in Figure 1, such as the horizontal two-layer problem, etc.
(Note that any horizontal layer problem is a special case of a dipping layer
problem, where the dips are zero.)

Figure | also shows the nomenclature which describes the subsurface model.
Velocities are given as v,,vz,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 profile which is to be interpreted. For the dipping layer
structures, layer thicknesses are given as HA at position A and HB at position B,
and similarly for DA and DB. '

HORIZONTAL DIPPING
Two -Layer Vi f;h
O; ¥
. V2

A . B
L] T_ - T
Three - Layer D, #f H;Aa t : !
' Va  Hy m
o7 : : V :
V3 HAE 2
' W3
Va

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 w.,,w3,w4, etc. The sign con-
vention is as follows: A positive value for W means that the boundary is dipping
upward from A toward B, as shown in the figure: a negative value for W therefore
means that the actual dip is downward from A toward B.
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This proposed model is very general, but it.does have some limitations. The
actual subsurface conditions must satisfy these limitations, at least to a rough
approximation, or else the resulting interpretations will contain serious errors.
These limitations include:

(1) The velocity within each layef is approximately constant,

(2) . Each successive layer has a higher velocity than the one above it (that
is, there are no velocity inversions).

(3) The boundaries between layers are plane, although not necessarily
horizontal. If 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 profile 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 profiles, it is customary although not essential to put both
sets of data on the same graph sheet as shown in Figure 2.

must be equal |

To [ — T
-~ S
\'-. //
. - R
\-‘\ must be egqual -7
T3 5‘\ -~ < T3
VB3 — ~ — - VA3
TAlgp — =~ 7 - -
T T = —~471BI
. : N 3
VA, VBao A
- - ’ S
-~ .
/'/' - ' . \'\-
TAlL VA, VB, \"‘TB12
Total spread distance X
A B

Figure 2: Expected travel-time graph for a structure consisting of three dipping
layers. A similar pattern of symbols would be used for structures
- with more or less layers.
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Figure 2 illustrates the nomenclature which is used to describe the observed
travel-time graphs. The example in Figure 2 is for a dipping three-layer structure.
. The first-arrival data measured from position A are defined by three straighi-line
segments. The (reciprocal) siopes of these lines are called apparent velocities and
are designated by symbols VAI VA-,, and VA3 The second and third line

segments are extended back to the left and intersect the axis at intercept times
TAl, and TAlI;. Similarly, the apparent velocities measured from position B are
labelled VBy, VB,, and BVBs3, and the time intercepts are TBI~ and TBI;.

. In general, the number of line segments will be equal to the number of
layers. For the two-layer case, for example, there wouid be only two apparent
velocities from A, VA and VAs,, with a single time intercept, TAIz, 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 same number. [f we saw five line segments from
each end, we would know that we had a five-layer structure.

The observed travel-time graph must fit this pattern of straight-line segments,
or else the structural model we are considering will not be satisfactory for the
area under investigation. Furthermore, the observed travel-time graph must be
forced ro satisfy the following two conditions before the interpretation can
proceed. If these vonditions cannot be forced onto the travel-time graph, then the
proposed structural model will not be satisfactory.

Condition 1: VA = VB, that is, the apparent velocities of the first two liné
segments at velocity of the ﬁr;t line segment from position A must be
the same as the apparent velocity of the first line segment from position
B.

Condition 2: T, = T3, T3 = T3, 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 trave! time from A to B must be the same as the total trave! time
from B to A. The times T», T5, T3, €tc. are obtained simply by extending the
straight-liné segments unnl they mtersect the vertical axis at A or at B.

In practice, the requirement of reciprocity places an important limitation on
how the straight lines may be fitted to the data points on the travel-time graph.
One usually draws the best and most obvious straight lines first. The condition of
reciprocity is then used to adjust the remauung straight lines through the data
pomts 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, = VA4, TBI» = TAI:.

11—4



etc.,-and proceed with the computation. This procedire 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 profile. We have drawn straight line 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 (call 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, VA,, VA ... .. VAN
Apparent velocities from position B: VB (=VA)), VB,, VB3 ..... VBN
Intercept times at position A: TAl,, TAI3 ... .. TAly

Intercept times at position B: TBI,, TBI3 ... .. TBIN

The following computer program will take these observed data as inputs,
and provide depths, dips, and velocities of the structure as outputs.

The input data include a quantity M, which should be set equal to O if the
intercept times are read in seconds and should be set equal to 1 if they are read
in milliseconds. The symbol X 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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DIMENSTION #(103oV{10)ovallD)ovRL101ALPHI10) +aETACLIO} e QRL10Y,
1 A(10)1+B(10)oTALIL0}+THI(10) +MALLO01oHB(10)+04(10)+0B(1D) P 1),
2 TITLE(S)

SET M s 1 IF INTERCEPT TIMES ARE In NMILLISECONDS, w = 0 IF 1IN SECONUS.

N & NUMBER OF LAYERSe INCLUDING mALF=SPACE. ALSOy N & NUMHER OF TRAVEL-
TI%E SEGHMENTS.

X = PROFILE LENGTH FROM A TO ue IN METEMS, KILOMETERSs OR FEET,

VA(l) » APPARENT VELOGITIES FROM 4 ENDe I = loen,

VB(I) =: APPARENT VELOCITIES FROM 8 END I = 1N,

TAI(I)Y = INTERCEPT TIMES FROA & END, 1 = 248,

TBI(I) = INTERCEPT TIMES FRO# 8 ENDs [ = 2N, .

INPUT DATA ARE CHECKED TU ASSURE THAT THEY SATISFY RECIPHOCTITY av LEAST
WITHIN 10 PERCENT.

IF B=END INTERCEPT TIMESs Tals ARE NOT SUPR_IED AS INPUT. THE PROGRaw wlLlL
COYPUTE THEM FROM RECIPRUCITY, INSERT a BLANK CARD WHERE TWEY 4ARE
CALLED FOR AS INPUT DATa,

400 PRINT 401

T a01 FORMAT (1M1}

€ N=NUMBER OF LAYERS OR TRaVEL TIME SEGMENTS, I'END-70-END SPREAN LENGTm. ®

READ SO05emenNeXp {TITLE(I) v]In]1e8)
405 FORMAT (212+F8,0¢648) -
IF IN) 6406400407
407 READ #1040 (vall)sIm]len)
4lp FORMAT (9FB,0) .
READ 410+ (VB{I)el = 1eM)
READ #10 (TATIT)s1=2eN)
READ 4109 (TBlII)eln2rv)
Tal¢ly = 0,
Taltl) = 0, .
PRINT &1 (TITLE(I}sIxlen)en
411 FORMAT (2Xs6ABe15MSPREAD LENGTH = *FBaDe//)
PRINT 42 o
412 FORMAT { 2X410MINPUT DATA /710K SHLAYER,10X+8raPRARENT + 10X,
1 BHAPPARENT+10X s 9HINTERCEPTs 9X49NINTERCEPT 7 23x4 1IXMVELOCITIES, &
2 SXol3IMVELOCITIES u'Tl-HHTIHES. AslOXsaHTIMES, 8 /71
IF (M) &laybhlTdale
414 PRINT 415y (lon(I)chlIloTA[ll)'TBl(!IvI'l!NI
415 FoRMAT (132,F22,2,F18.24F17, 1 eFlae]y
00 416 1 3 2N
Talll) = Talf[)/lo00.
4ls TBI(I) = T3I1(1)/1000.
ap Yo ¢l9

417 PRINT 418¢ (TovValIdevu(l)oTAI(I)eTHRI(I)«Tm]N)

418 FORMAT (J12¢F22.29F18a24F1To0eF1844)

419 CONTINUE.

421 DO 430 I = 24N

T8 = TAI(I) # A®(1,/Vall} = Y./ /vBI(1))
IF (TBI(1)) 422se224423
422 TRItI) = Tay
GO TO 430
423 TAEND & TAI(I) & X/vA(l])
TREND = TRI{I) « R/veltl}
ERAOR = AWS (TAEND/THEND = 1.}
1F (ERRDR = 0,1N0) «30,%2u, 424

424 PRINT 25,1 .

42% FPORMAT (5X, ToHAPPARENT VELOEITY AND TIME INTERCEPT npaTa aRE IN
JCONSISTENT AT [AYER NUWBER 1121/ TX SEHEND=TD=END TRAVEL TIMES O
2IFFER AY MDRE THAN 10 PERCENT. v/ /)

430 CONTINUE )

V(1) = {(VA(]) o VB(]1))}*,5

00 ST0 % = 24N .- -
K =]

ALPH{]1) = ASIN (V{1)/VB(m))

BETALL) ® ASIN (V{l}/Vaiw))

IF (=2} 500,500,510

o000 O0OODOO0O0O0



Slo
520

530

540

S50
551

560
561

569
570
E1-1)
620

62%

627
630
632
835

638

bag

Afl) m (ALPH(l) & BETA(l))e,S
Wi2) = (ALPH(1) = BETA(l))®,5
Vi{2) & vI1)/SIN (ac(1)}

8o TO 550

LA (1) & ALPAL]) = wi
B(l) = BETa(l) « w{
K & Ket

Vv & VIK}/VI(Ke])
P(X) ® ASIV (VV*SIN (alK=]l))}
QiX) m ASIV (VV®S]IN (s8(K=1))}
IF (KeleM} 530.:540:¢540

A(K] @ P(K) o wiKel) o giK)
8¢x) m QIK) ¢ wiKe]l) = giK}
ALPHIX) ® &(K) ¢ wiKel)
BETAIK) = 3(K) = wiKsel)

60 10 520

A(K) = (P(L} » B(K))®,9

2)
2)

Bix) = A(K)

WiKel) = wiK) o (PIK) = W(K))®,S
ALPHIKY & A(X) ¢ w(Ke)}

BETA(X) = F(K) = wiKel)

V(Kel) = VIK)I/SIN (a(K))

KK = Ke] .

Heh ® D,

HHg & D,

IF tKK) 561+561+55]

Do 561 ] = LeRK

He ® CDS (ALPM(I)) o COS (BETAII))
He = We/yil)

MHA & WHWA ¢ HH®RAL])

HMB B WeB o HH*RPL])

CONTINUE

R s vVIR)ZICOS taLPriK)) » CUS (BETA(X})}
HaA(K) = RO(TAJ(Kel) = mAa}

HAI(K} = RO(TRLI{K+1) = Mz}

Datl) = mail)

OR(l) = WB{l)

Ir t(Kel) 570¢570+5089

DaiX) = DA(K=]l) * HA(K)

0R(K) = DB(Kel) » HB(K}

CONTINUE

D0 580 J = 2N

WiJ) = w(J)®57 2958 " «0,001
PRINT 820

FORMAT (/// 2X41BHCOMPUTED STRUCTURE // 9X+SHLAYERs 6X4BHVELOCITY *
1 ¢+ SXs]IATHICKNESS As 4R 11nTHICKNESS we BN INDIP o JOKe THDEPTH 4y

z 8Xs THDEPTR 8 /70
I =1 ..

PRINT &25e¢ Is VII)y Ma{]lis #B(1)eDa{l)s Dt D)

FORMAT (I12¢3F15.2415%:2F15.2) 7
IF (N=2) 632103240627
NN s N =}

PRINT 630s(Je VII)s mA(l)y ®e(Ids w (J14DAITI20BII) eImgsnvN)

FORMAT (I112+6&F15.2) :
PRINT 835¢Nev(N)sm(N) -

FORMAT (J12+F15.2+30X0F12,.2)
PRINT 438

FORMAT (//7/7//7+45X+20UTPUT DATE ARE PRINTED TO 1w0 VECIMAL PLACES®s
1/45X9®8UT NO IMPLICATION IS INTENDED THAT TwE SELISMIC RESULTS nmave

1 T+15S DEGREE OF RELIASILITY,*
G0 TO 400

CONTINUE

END

11-7
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INPUT DATA
LAYER

el N

- APPARENT
VELOCITIES,

4000.00
7930.00
147480.00

COMPUTED STRUCTURE

LAYER

1
2
3

t

VELOCITY

1

-< 4000.00

D424.29
13427.463

SPREAD LENGTH = 1000.

APPARENT INTERCEPT
" VELOCITIES: B TIRES: A
4000.00 o
9000, 00 . 0150
14200,00 10620
TMICKNESS &  THICKNESS B nIP
3411 4B.21
229.04 176.37 -1.95
1406

I‘!—S

INTERCEPT
-~ TIMES: B

0300
+ 0880

- DEPTH A

34.11
263.15

DEPTH R

48. M1
244,56
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1. INTRODUCCION:

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

La solucién directa caicula la curva de resistividad aparente de un corte geoeléctrico
tedrico, mientras que la solucion inversa encuentra el corte geoelectrico de la curva de
resistividad aparente obtenida en campo.

La solucidn directa es por medio de la teoria del filtrado lineal desarrollada por Ghosh,
1971. El programa inverse aplica el algoritmo de Marquart, 1963 para iniciar la
obtencién del modelo, lo medifica mediante iteraciones hasta que produce el mejor
ajuste entre las curvas de campo y tedricas.

Los programas fueron meodificados del articulo 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 isotrdpicas y de extensidn infinita (figura 1), los
parametros incluyen a la resistividad (Ri) y espesores (Hi-1) de cada capa.

. Los errores producidos pueden ser todavia disminuios con un procesc de
retroalimentacién; la interpretacién con el programa inverse no manipula los
problemas de equivalencia y supresion, los cuales deben ser observados por
separado. :

2. DESCRIPCION DE LOS PROGRAMAS.
E! 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.

FILTRO1 y FILTRO 2 contiene los filtros de Ghosh, los cuales pueden ser cambiados
por los de Oneil, u otros.

NOB87.BAT es un subprograma para simular la existencia de coprocesador matematico
en caso de que no tenga el propio la maquina donde opere.



2.1 INICIO (RESIST)

Con el programa en la unidad de disco correspondiente, se teclea:
NO87 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, porleque seteclea ( 1 ) RETURN
observando PROGRAMA CAPTURA con las opciones de:

1. RESIST

2. INVERSE

0. FIN DE PROGRAMA

PROGRAMA SELECCIONADOQO_

2.1a si se tiene |a interpretacién o presuncion de un corte geoeiéctrico determinado se
oprime ( 1 }RETURN

donde la pantalla muestra DATOS PARA EL PROGRAMA RESIST
NOMBRE DEL ARCHIVO DONDE SE ALMACENAN LOS DATOS:_
se teclea el nombre del archivo dénde son guardados los datos, por ejempto
DUAQ RETURN
aparece DATOS PARA EL PROGRAMA RESIST
TIPO DE ARREGLO: 1. SCHLUMBERGER
2. WENNER
3. BIPOLO-BIPOLO
0. FIN DE CAPTURA
NUMERO DEL ARREGLO DESEADOQ:

se teclea el numero al arreglo electrodico correspondiente:

-



(1 ) RETURN
ESPACIAMIENTO (AGREGAR PUNTO DECIMAL):

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

NUMERO DE CAPAS (ENTERO SIN PUNTO DECIMAL) 3 RETURN

NUMERO DE LECTURAS (ENTERO SIN PUNTO DECIMAL)

el numero de lecturas corresponde a los espaciamientos generados

por la regla de correspondencia A = Ai10™(k/6) con 0=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) =_ 1. RETURN

ESPESOR (2)=_ 10. RETURN
RESISTIVIDAD (1)=_ 1. RETURN

RESISTIVIDAD (2)=_~  10. RETURN
RESISTIVIDAD (3)=_ 0.1 RETURN

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

Si fue cometido algun error en la captura de cualquier dato debe teclearse N,
exclusivamente este SEV no serd codificado; caso contrario oprimir  § RETURN

aparece: DATOS PARA EL PROGRAMA RESIST
TIPO DE.ARREGLO: 1. SCHLUMBERGER |
' 2. WENNER
3. BIPOLO-BIPOLO
0. FINDE CAPTURA
NUMERO DEL ARREGLO DESEADO:_
como la captura de datos para el programa Resist ha concluido, se tecla 0 RETURN

pregunta si QUIERES OTROS DATOS (S/N)_

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

aparece el MENU PRINCIPAL



OPCIONES DE PROGRAMAS

1. CAPTURA

2. RESIST

3. INVERSE :

0. FIN DE PROGRAMA
PROGRAMA SELECCIONADO:_

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

PROGRAMA RESIST

ARCRIVO 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 pantaila
debiendo teclear 0 RETURN

Para observar los datos en |la pantalla, teclear

TYPE RUAQ RETURN Yy detener con la tecla de PAUSA

para impresion de los datos teclear |

TYPE RUAQ>LPT1:

14



2.2 INICIO (INVERSE)

El modelo de inversion contiene errores significativos al no considerar el principio de
equivalencia y supresién de capas, o cual hace a la "resolucién unica" imposible de
existir.

La solucion de la inversion no representa el modelo geoldgico real, lo que debe ser
calibrado con los conocimientos de geologia.

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

Con el programa en ia unidad de disco correspondiente, se teclea:
NO87 RETURN

y se visualiza el MENU PRINCIPAL con tas opciones de:

1. CAPTURA

2. RESIST

- 3. INVERSE

4. FIN DE CAPTURA

PROGRAMA SELECCIONADO:_

primero es necesario capturar los datos, por le que se teclea ( 1 )RETURN :
observando PROGRAMA CAPTURA con las opciones de:

1. RESIST

2. INVERSE .

0. FIN DE PROGRAMA

PROGRAMA SELECCIONADO _

2.2a si se tiene la interpretacion o presuncion de un corte geceléctrico 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 dénde son guardados los datos, por ejemplo

DAUAQ RETURN

ANGA



aparece DATQOS PARA EL PROGRAMA INVERSE

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

. NUMERO DEL ARREGLO DESEADO:

se teclea el nimero al arreglo electrédico 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 numero de lecturas corresponde a los espaciamientos generados

por |a regla de correspondencia A = Ai10™(k/6) con 0=k =M

donde Ai es el espaciamiento inicial, k un entero y M el total de
espaciamientos deseados 10 RETURN

NUMERO DE PARAMETROS F1JOS (NUMERO ENTERO):

Si se tienen conocimiento de algun estrato, sus valores de espesor

y resistividad quedan fijados y el programa no los manipula; informacién
adicional es pedida subsecuentemente. Si no se tienen datos teclear 0 RETURN

PORCENTAJE DE ERROR (NUMERO REAL): ,
Es el error en la aproximacion numérica deseado 1. RETURN

TIPO DE LECTURAS

"1. S| LAS LECTURAS SON LOGARITMICAS
2. DE OTRO MODO

si las lecturas estan tomadas en funcion a la regla de

correspondencia A = Ai10**(k/6) con 0=k =M son

logaritmicas y se debe teclear 1 RETURN, casc

contrario en la pantalla apareceran preguntas acerca

del espaciamiento y resistividad aparente para cada

estacion de medida, en esta ultima opcién debe ser

tecleado el niumero 2ZRETURN 1 RETURN

™



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 $)

ESPESOR (1)=
ESPESOR (2)=

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

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

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

aparece.  DATOS PARA EL PROGRAMA RESIST

TiPO DE ARREGLO: 1. SCHLUMBERGER
2. WENNER
3. BIPOLO-BIPOLO
0. FIN DE CAPTURA

NUMERO DEL ARREGLO DESEADO:_
como la captura de datos para el programa Resist ha concluido, se tecla 0 RETURN
pregunta si QUIERES OTROS DATOS (S/N)_
si se desea conocer Ias; curvas de resistividad aparente de otros cortes, debera
continuar con la secuencia iniciat oprimiendo S RETURN, caso contrario N RETURN
aparece el MENU PRINCIPAL
OPCIONES DE PROGRAMAS
.1. CAPTURA

2. RESIST

3. INVERSE

0. FIN DE PROGRAMA

PROGRAMA SELECCIONADO:_

e



como los datos capturados son del programa Inverse, el nimero seleccionado debe
serel 3 RETURN '

ARCHIVQO 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 péntalla
debiendo teclear 0 RETURN

Para observar los datos en la pantalla, teclear

TYPE REUAQ RETURN vy detener con la tecla de PAUSA

para impresion de los datos teclear

TYPE REUAQ>LPT1:
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b)) 2ol

(K Kige)+ (K’ay) ( 2)=s S5

The Transient, Unsaturated Flow Equation:

2k w3+ %(K,(w)%;‘")+ xS +1)) =

(1.1)
(1.2)
(1.3)
X a4

‘where h is hydraulic head, Ky, Ky, and K; are the components of sat_maicd hydraulic
conductivity in the x, y, and z coordinate directions, t is time, W is pressure head, K,(y),
Ky(y), and K,(y) are the components of unsaturated hydranlic conductivity, S, is specific

storage, C(y) is specific moisture capacity.

-5




SOLUCIONES DE LAS ECUACIONES DE
FLUJO DEL AGUA SUBTERRANEA

(SEGUN HUYAKORN Y PINDER, 1983)

. METODOS ANALITICOS |

A) SEPARACION DE VARIABLES

B) SOLUCIONES POR SIMILITUD

C) TECNICAS DE VARIABLE COMPLEJA

D) TRANSFORMACIONES DE FOURIER Y LAPLACE

E) FUNCIONES DE GREEN

F) METODOS DE PERTUBACIONES REGULARES Y
SINGULARES o

G) SERIES DE POTENCIAS

ll. METODOS NUMERICOS

A) METODO DE DIFERENCIAS FINITAS

C) METODO DE ELEMENTO FINITO

D) METODO DE COLOCACION

E) METODO DE LAS CARACTERISTICAS

F) METODO DE ELEMENTOS FRONTERIZOS
(BOUNDARY ELEMENT METHOD)
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Finite differenice and finite element grids (from Mercer and Faust,
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Telascopic mesh refinement.

{a) Boundaries for a regional Anite différence grid are defined from information about the regional
flow system. The local and site grids have hydraulic boundaries defined from simulation resulits
(Ward, Buss, Mercer and Hughes, Water Resources Research, 23(4), pp. 603-817, 1987, copyright
by the American Gecphysical Union).

(b) Finite eiement grids for regional and local scale models. The grids match along the nodes
shown by squares. Boundary conditions along these nodes are determined from the solution of the
regional scale problem (Townley and Wilson, 1980).



Discretization of one-, two-, and three-dimensional problem domains.
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HIDROLOGIA SUBTERRANEA

"La dificultad para estudiar el agua subterranea radica en que esta se encuentra bajo
el subsuelo y no puede ser medida adecuadamente, en comparacién con las aguas
superficiales. No obstante, los principios fisico-quimicos que gobiernan la ocurrencia,
el movimiento y la calidad del agua subterrdnea estan 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 subterrdnea fiuye en el subsuelo.

La Hidrologia subterranea no es una ciencia exacta sin embargo, es posible desarrollar
un apropiado entendimiento de las caracteristicas de las aguas de! subsuelo si se
conocen los principios y leyes bésicas que rigen en esta disciplina.



Distribucién del Agua en el Subsuelo

El agua bajo la superficie de! terreno ocurre en dos areas: la zona saturada y la no
saturada. En la zona no saturada la mayoria de los espacios entre los poros de una
roca estan 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 presion hidrdulica negativa, es decir menor a la

atmosférica.

Por debajo de la zona saturada el agua llena completamente los poros de una rocay
se encuentra a una presién mayor que la atmosférica. En términos generales el limite
superior de la zona saturada, o nivel freatico, sigue la superficie topografica a cierta
profundidad con respecto a la superficie del terreno. La posicién de este nivel de
saturacién, con respecto a un punto de referencia, debe ser determinado con cuidado
ya que su medicién esta afectada por factores.

La posicién del nivel del agua en el subsuelo se pude determinar a partir de pozos de
observacion, pozos de explotacion y piezémetros (ver Fig. ). En cada uno de éstos
el nivel puede ser diferente. La medicién del nivel del agua en pozos que tengan
diferentes profundidades es probabie que refleje el nivel de uno o mas acuiferos.

La fig.{ ) muestra la diferencia de elevacién del agua en diferentes pozos, cada uno
de los cuales se encuentra a diferente profundidad. Cada pozo presenta diferente nivel
sin embargo, el nivel fredtico solamente puede ser determinado en el pozo # 2. Los
pozos 1y 3-5 atraviesan estratos mas profundos y cada uno tiene un ademe ranurado
en diferente zona, por lo cual captan agua de diferente formacion. El nivel del agua
en cada aprovechamiento refleja la carga hidrdulica que existe en el intervalo
ranurado del pozo.

Una condicién 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.



Debido a que la carga hidraulica varia con la profundidad es muy importante poner
atencion en la profundidad total a la cual estdn terminados los pozos, asi como en los
detalles de su construccién. La apropiada medicién del nivel del agua subterranea es
importante para determinar la direccién y magnitud del gradiente hidraulico.

Acuiferos y Capas Confinantes

En el subsuelo las rocas funcionan como unidades confinantes o acuiferos. Una
unidad confinante se caracteriza por su baja permeabilidad la cual no permite el facil
paso del agua a través de esta. Ejemplos de estas unidades lo representan las arcillas,
limos y lutitas. Por el contrario, un acuifero es una formacién geolégica 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 explotacion.

El agua subterranea ocurre en los acuiferos bajo dos condiciones diferentes: libre y
confinado. Un acuifero libre es aquel en donde el nivel del agua representa el limite
superior de la zona saturada.

En un acuifero confinado, este esta limitado en su parte inferior y superior por una
capa confinante y el agua en los poros posee suficiente presién para, elevarse por
arriba de la base de la capa confinante, siun pozo llegase a perforar esta. En algunos
"casos el agua posee suficiente presidn para elevarse por arriba de la superficie del
terreno. En estos casos los pozos se denominan brotantes o artesianos.

Porosidad y Conductividad Hidraulica
- |
Porosidad es la relacion del volumen de espacios vacios entre el volumen total de la
roca. Este define la cantidad de agua que una roca saturada puede almacenar.
Conductividad hidraulica {K} expresa la facilidad con la cual el agua atraviesa una
formacién geoldgica. Este pardmetro depende tanto de las caracteristicas fisicas del
medio como del fluido de que se trate. La conductividad varia en amplic rango
dependiendo del tipo de roca de que se trate y aun dentro de esta misma.



Gradiente Hidrdulico

El gradiente hidrdulico es la pendiente del nivel fre4tico, es decir es el cambio en el
nivel del agua por unidad de distancia, a lo largo de la direccién de maxima
disminucioén de carga hidraulica. Este parametro se determina midiendo el nivel del
agua en varios pozos. El nivel del agua en un pozo se expresa generalmente en una
elevacién referida a una base que es generalmente el nivel del mar. {(m.s.n.m.). Este
representa la carga hidraulica total (H} la cual se compone de una carga de posicion
y una carga de presién (ver Fig. ).

El gradiente hidréulico es la fuerza que genera el movimiento del agua subterrdnea en
direccién de la méxima disminucién de carga hidrdulica.

Debido a que el nivel del agua ¢ superficie piezométrica es un plano, ia direccién del
flujo subterraneo y el gradiente hidrdulico se determinan a partir de la informacion de
tres puntos (ver fig. ). Estos puntos o pozos deben de cruzar el mismo acuifero,
tener similar profundidad e intervalo de aderme 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 localizacién ubicada en un mapa. Puntos de igual elevacion se unen
através de lineas que forman un triangulo. Usando las elevaciones {m.s.n.m.) de cada
punto, cada linea es dividida en igual nimero de segmentos. Seleccionando puntos
de igual elevacién se pueden trazar lineas equipotenciales o de contorno a través de
los puntos.

Las lineas de flujo se construyen de tal forma que estas intersectan a lineas
equipotenciales en un dngulo recto. Asimismo, se muestra que el agua subterranea
fluye en direccién hacia donde decrece la carga hidréaulica.

Mapas de Elevacién del Nivel Estatico

Los mapas de elevacién del nivel estético, o piezométricos, son una parte esencial de
cualquier estudio relacionado con las aguas subterrdneas ya que estos permiten



indicar la'direccién hacia la cual se mueve el agua del subsuelo y estimar el gradiente
hidraulico el cual controla a su vez la velocidad del fluido.

Un mapa piezométrico es una representacion grafica del gradiente hidréulico. Este se
elabora ubicando los niveles estiticos en un mapa base y uniendo puntos de igual
elevacién en m.s.n.m. Los contornos del nivel del agua son Ilamaaos lineas
equipotenciales e indican que el agua tiene el potencial para elevarse hasta tal
posicién. En el caso de los aculferos confinados, el agua tiene el potencial para
elevarse a una cierta posicién, 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 acuifero confinado representa una linea imaginaria.

La elaboracién 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 elevacién de acuerdo con
ciertos criterios hidrogeolégicos. Un considerable nimero de pozos se requiere para
la elaborar un mapa piezométrico adecuado y una de las consideraciones mas
importantes en la elaboracion de éstos es que las mediciones del nivel deben
corresponder a un solo sistema de flujo subterrdneo.

Errores Comunes en la Elaboracién e Interpretacién de Mapas Piezométricos

La configuracién de un mapa piezométrico no es una tarea mecanica. Por el contrario,
para su elaboracién se requiere contar con ciertos criterios para decidir la mejor
configuracién qJe represente la elevacién del nivel en el drea. Especialmente cuando
los datos de las elevaciones no siguen un determinado patrén. 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, sera necesario conocer las caracteristicas constructivas de
cada pozo para explicar posibles anomalias en sus valores.

Si un valor anémalo no puede ser identificado rapidamente entonces serd necesario
realizar otras actividades de campo a fin de determinar las caracteristicas
hidrogeolégicas que generan dicha anomalia.



Errores en la Configuracién 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 elevaciébn en m.s.n.m.,
caracteristicas geogréficas, geol6gicas, topograficas e hidrograficas, entre otras. .

El trazo de las lineas equipotenciales requiere de ciertas habilidades ya que es muy
comin cometer dos tipos de errores como: i) Incluir mediciones de‘niveles no
representativos del sistema de flujo subterrdneo y ii) no considerar las caracteristicas
del subsuelo {homogeneidad y anisotropia) que pueden modificar la distribucién de
las lineas equipotenciales.

A continuacién se enumeran varias fuentes de error en la configuracién de los niveles
estaticos:

1. Incluir mediciones de nivel de pozos ubicados en zonas de recarga o descarga del
acuffero.

2. No considerar la distribucién y las caracteristicas de los cuerpos de agua
superficial. Ver Fig.( )}

3. No considerar |la presencia de estructuras o rasgos geol6gicos importantes. La fig.{
} muestra como los métodos convencionales de contorneo configuran los niveles de
agua de una zona dividida por una falla geol6gica generando configur"a'ciones que no
representan apropiadamente esta condicion.

4. Considerar anomalias en la configuracién de los niveles generados por la presencia
de recarga o descarga artificial de agua subterranea provocada por actividades
humanas. Los pozos en operacién generan un cono de depresién alrededor de estos,
creando una pendiente en el gradiente hidraulico. Por otra parte, los retornos de riego,
recarga inducida por infiltraciébn de aguas residuales o fugas en el sistema de agua
potable, generan monticulos en los mapas piezométricos de forma contraria a los
observados en las zonas de' bombeo.



5., Omitir posibles variaciones estacionales u otras fluctuaciones de corto tiempo que
afectan el nivel del agua subterranea. Si un acuifero es sensible a las variaciones
estacionales o a los periodos de lluvia o estiaje, que provocan un incremento o
disminucién en la elevacién del nivel, entonces las mediciones en los pozos no serén
representativas a menos que estas se realicen en una misma época del aino.

6. Considerar mediciones del nivel en pozos que atraviesan diferentes acuiferos. En
los pozos cuyo ademe ranurado atraviesa diferentes aculferos, generalmente ias
medidas del nivel no son representativas de un solo acuifero. Lo anterior, se debe a
gue el nivel refleja la interaccién de diferentes acuiferos.

Errores en la Determinacién de la Direccién del Flujo Subterraneo

La direccidn del flujo subterréneo en un medio isGtropo es perpendicular a las lineas
equipotenciales. Sin embargo, el no considerar la anisotropia y la heterogeneidad del
subsuelo puede provocar errores en la determinacion de {a direccién del flujo. Ver
figuras { vy ). '

Redes de Flujo

Un mapa de superficie piezométrica puede ser transformado en una red de flujo
subterraneo construyendo lineas de flujo que intersectan a las equipotenciales en
angulos rectoé. Las lineas de flujo son caminos imaginarios que pueden seguir las
particulas del agua cuando estas se mueven a través del acuifero. Aun cuando existe
un ndmero infinito de lineas equipotenciales y de flujo estas se construyen con una
diferencia uniforrﬁe, de tal forma que las combinaciones de ambas forman una serie
de cuadrados casi perfectos. La construccion de redes de flujo, junto con la aplicacién
de la ley de Darcy {ver préxima seccion), permite estimar la cantidad de agua que
cruza en una determinada drea del subsuelo,

Por otra parte el agua subterrénea no solo fluye a través de los acuiferos sino también
en las capas confinantes. £n este caso el flujo lateral es muy pequefio comparado con
los acuiferos. Sin embargo, la infiltracién vertical de ellos puede ser importante.



Ley de Darcy

La ley de Darcy es el principio basico que rige el movimiento de las aguas
subterraneas. Esta ley se utiliza para calcular la cantidad de flujo que cruza
determinada area en el subsuelo y se expresa como:

Q=Aq = AKi
donde
Q = cantidad de flujo ({L%/T)
A = Area transversal a través de la cual ocurre el flujo
K = Conductividad Hidraulica (L)

i = gradiente Hidraulico (L/L)
q = velocidad de darcy (L/T)

La velocidad del flujo es directamente proporcional a el gradiente hidrdulico y por
tanto el flujo es laminar. Esto significa que el agua seguira distintas lineas de flujo en
lugar de mezclarse con otras lineas. En los casos en donde no se presenta el flujo
laminar, por ejemplo en rocas con fracturas, cavernas de disolucidén o cerca de los
pozos, el flujo es turbulento. En la fig ( ) se presenta un ejemplo de la aplicacidn de
la ley de Darcy. Cierta cantidad de flujo {Q) atraviesa un tubo relleno de arena con un
area transversal (A), El nivel del agua decrece a mediada que recorre la distancia (L}
y la carga hidraulica es méas alta en el mandmetro 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 hidraulico
(H/L) o i. La perdida de carga refleja ia energia que se requiere para mover el fluido
a una determinada distancia. Sila Q y A son constantes y K se incrementa, la perdida
de carga disminuye. Es importante remarcar que la perdida de carga ocurre en la
direccion del flujo.

En la fig. { ) el flujo en el tubo se ha invertido y el flujo fluye de la parte inferior a la
superior y Q, K, A y i permanecen iguales. Lo anterior permite ilustrar un importante

8 .



concepto cuando los mandmetros son considerados como pozos. Cabe destacar que
el pozo profundo tiene una carga que es mas alta que el pozo somero cuando el agua
se mueve hacia arriba y que esta situacién se invierte cuando el flujo es descendente.
Cuando pozos cercanos con diferente profundidad y niveles de agua se presentan en
el campo, ver fig.( )., esto indica la existencia de zonas de recarga o descarga. En
zonas de recarga, los pozos someros tendran mayor cérga hidraulica que los pozos
profundos. - '

En sitios donde el flujo es horizontal no se aprecian diferencias de carga importantes.
En zonas de descarga, los pozos mas profundos tendrdn mayor carga hidraulica.



Ejemplo

Considere un acuifero en un medio granular {arena) con un espesor promedio de 100
m. EL acuifero es cubierto por una capa confinante. La diferencia de nivel entre dos
pozos separados 2 kmentre si, esde 10 myla ‘condubtividad hidraulica de la areana
es de 10 m/dia. Calcule la cantidad de agua que atraviesa una seccion transversal del
acuifero.
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